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Abstract

G-protein-coupled receptors GPCRs (guanine nucleotide binding protein) approximations varies in regards of numbers,
are 7-seven transmembrane spanning (7 TM receptors) helices. Being a diverse membranous surface receptor, said
receptors are mainly responsible in regulations of physiological as well as pathophysiological cardiac function.
Henceforth, they are target for course of action of hypertension and heart failure drugs and it represents one of largest
group of surface receptors in body. There are numerous GPRC'S antagonist such as P-adrenergic receptors (PARs),
Angiotensin-1I receptors (Ang-II), endothelin and adenosine receptors. In cardiovascular diseases such as hypertension
(HTN), Heart Failure (HF) and coronary artery diseases (CAD) these drugs are now standard care of therapy in daily
practice. GPCRs activation and downstream signaling subsequently, in latest discovery have shown new mechanism of
actions were thought to be acknowledged in late 80 and 90's. Yet, recent studies shown that currently there are small
fraction of cardiac GPCR repertoire are targeted by available therapeutic drugs. Nevertheless, it indicates that there is
a lot to explore in unacknowledged aspects in heart GPCRs. In this review I will try to update and reviews those aspects
studied by the respective experts and Those GPRCs which influences cardiovascular system. My review will provide
insight into P-arrestine/effectors complexes which has shown distinctive influence over cardiac physiology and disease.
This review focus on both expansion of repertoire GPRCs, F-arrestine and its effect on subsequent signaling pathways.
This review deliberates the progressing in the field of GPRCs signaling, ligand bias, and P-arrestine mediated signaling.
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1. Introduction

Heart failure is a clinical condition in which there is mark
reduction in pumping capability of myocardium to meet the body
demand. Prevalence of Heart failure results in high morbidity
and mortality. Annually it affects nearly 6.5 million adults in
America, global estimation is 26 million and cost 30 billion
USD in expenditures in healthcare. Hospitalization due to heart
failure reaches 20-40% in between 1 to 5 years of mortality
rate [1]. Therefore, knowing the mechanism of fundamental
progress of heart failure is a vital to reduced mortality and
morbidity due to HF [1]. Most common causes which lead to
Heart failure is Chronic Hypertension, Coronary artery diseases
such as myocardial infarction, cardiomyopathies course, vulvar
heart diseases, or viral myocarditis. Reduced blood ejection
and ventricular filling occurred as result of these stimuli [2].
According to perception of Cardiac function HF are illustrated
by HF with preserved ejection function (HFpF), also known as
diastolic HF with normal myocardium contractility but reduction
ventricular filling, and HF without preserving myocardium
contractility with reduction in ejection fraction which is also
known as systolic HF [3]. In both these types of HF results in
structural and functional deformities primarily prompted cell
width, length, or both which causes enlargement of cardiac

myocytes mainly of LV termed as hypertrophy. There are diverse
intrinsic and extrinsic stimuli which can initiate cardiac myocytes
hypertrophy such stress, hormones, cytokines, growth factors
have their influence on wide-ranging of GPCRs cell membrane
receptors. Amongst the cell surface receptors GPCRs (Guanine
nucleotide binding protein) represents the largest and versatile
group of surface receptors with wide range of signal transduction
in convening signal from extracellular to intracellular consist of
7—transmembrane (7TMRs) GPCRs has vital role in regulatory
of physiological process of myocardium for endogenous ligands
such as Angiotensin-II and norepinephrine activate chronically
their receptors angiotensin-II type-1 (AT1Rs) and B-Adrenergic
( BARs) respectively [4, 5]. As increase in demand of perfusion
subsequently increase of workload on myocardium increased as
well which cause defective remodeling of heart and myocardium
death. These receptors are blocking from activation by Ang-II
receptors’ blockers, Beta-Blockers, Angiotensin converting
enzyme (ARBs) inhibitors extensively used therapeutic drugs
against HF [6]. My review will highlight and provide insight
GPCRs signaling and its physiological role, implication when
bearing in mind HF in cardiac myocytes.
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1.1. Gper Signaling (G-Protein Mediated)

In traditional pattern G-protein is mainly responsible for the
transduction of signal from extracellular to intracellular by
binding with the nucleotides GTP and GDP hence because of
this capability named G-protein. Signaling transduction inside
the cell occurs by binding GTP to G-protein (activated or on)
while binding of GDP to G-protein causes (Inactivation or off)
of the receptor like molecular switch for signaling transduction.
Heterotrimeric G-proteins are consisting of three subunits
namely a, B, and y [7]. When ligand binds with GPCR externally
goes under conformational changes (stabilizes) upon receiving
signal, causing G-protein to exchange GDP for GTP which
leads to its activation on GPCR a subunit. Upon activation the
Heterotrimeric G-protein splits into two units, the Go subunit
bounded by GTP and Gy dimeric complex. Both the subunit
has wide range of signaling effectors to be bound to such as ion
channels and enzymes which subsequently give rise to second
messenger. Hydrolyzation of GTP to GDP and unbound by
Ga catalytic subunit will cause to reunite it with dissociated
GPy. Thus, activation cycle of G-protein ends illustrated
below [8]. (Figure-1) At present there are total 21-Ga subunits,
6-GP subunits and 12Gy subunits. Go catalytic subunit of
Heterotrimeric G-protein are usually meant in a Heterotrimeric
G-protein and on bais of that is divided into four-4 types namely
Ga, (Ga-stimulatory), Go, (Ga-Inhibitory), Ga,, Ga,),.. These
multiplicity in families of G-protein subunits has wide range of

Q12113 Oq o
Rho PLC
PIP2
IP3 DAG
Ca? PKC

function in signal transduction such as Ga, stimulate adenylyl
cyclase an effector enzyme subsequent cAMP second messenger
production which causes protein kinase A (PKA) activation and
mediate several cellular responses by means of intracellular
proteins phosphorylation [8]. In comparison adenylyl cyclase is
inhibited by the action of Gai (Ga-Inhibitory) ., resultsincAMP
diminishing intracellulary. Phospholipase C (PLC) is activated
by the action of Gaq which in turn cleaved phosphatidylinositol
4-5 phosphate a membrane bounded into inositol 1, 4, 5-tri-
phosphate and diacylglycerol second messenger then causes
indorses Ca** from endoplasmic reticulum [9]. Cellular signaling
is stimulated by protein kinase C (PKC). Protein kinase C
is activated by diffusion of diacylglycerol and increased in
intracellular Ca®*. Small GTPase are activated by the Go,,,3
G-protein [10, 11]. Besides its activity on cell surface receptors,
GPCRs has diverse locality can mediate downstream signal
activation in additional section of the cell such as G-protein Gas
activity endorses Cyclic AMP production in early endosomes
upon activated by B,-adrenergic receptor(,AR) [12]. Adenylyl
cyclase is activated by the action of B-adrenergic receptor
(B,AR) nuclear membrane of cardiac myocytes [13]. Nuclear
Ca?" concentration is regulated by nuclear Endothelin receptors
(ET) upon stimulated [14]. Extracellular signal mediated kinase
located in plasma membrane of caveolae activated by al-
adrenergic receptors (alAR) of nucleus and signaling is inside-
out [15, 16].
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Figure 1: G-protein-coupled receptors signaling Schematics.

Upon binding of agonist ligand causes the triggered a chain of
command G-protein goes under conformational changes, At Ga
catalytic subunit GDP is exchange for GTP which will results
in separation of Go subunit from Gy dimeric, upon receiving
signal from ligand will cause activation downstream. Protein
kinase-C (PKC) and Protein kinase-A (PKA) phosphorylates

the receptors upon activated by G-protein which causes the
switch off G-protein signaling marked by red lines in above
Figure-1 (Heterologous desensitization and phosphate).
B-arrestine recruitment occurred when phosphorylation of
GPCR is mediated by GPCR kinase (GRK) over and done with
Sterically forbidding resulting in desensitization colored purple
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line in above Figure-1 (Homologous desensitization, Phosphate)
followed by receptor ubiquitination and receptor internalization.
B-arrestine mediated signaling gets activated upon rendezvous of
B-arresting to its receptors.AC denotes Adenylate cyclase; AKT
denotes serine/threonine kinase or also referred to as Protein
kinase; DAG, diacylglycerol; EGFR, Epidermal growth factor
receptor; IP3: inositol 1, 4, 5 triphosphates; MAPK, Mitogen
activated protein kinase; PI3K, Phosphoinositide 3-kinase;
PIP2, phosphatidylinositol 4, 5-biphosphate; and last one PLC,
phospholipase.

1.2. Gper Desensitization

GPCR signaling pathway is necessary to maintain function of
cell. Persistent signaling can affect cellular function and can
results in unwanted outcomes such heart failure. Therefore,
GPCR signaling pathway termination should tightly regulated
[17, 18]. In deactivation of G-protein signaling pathway there
are numerous ways to terminate the signaling like one mention
above along with that there is desensitization of G-protein
receptors phosphorylation by either heterologous or homologous
desensitization. Heterologous desensitization occurs when
remnant of threonine and serine on third intracellular loop (3rd-
ICL) while homologous desensitization involves C-terminus
(carboxyl terminal tail). In Heterologous desensitization
terminate the signaling, by PKA and PKC kinases second
messenger signaling receptor activated phosphorylate the
remnant of amino in their prime location intracellular loop
(ICL) and C-terminus to split G-protein from their associated.
Phosphorylation mediated by PKA can altered receptor
coupler to any subtype of G-proteins [19]. For case in point
phosphorylation of B2AR mediated by PKA also negatively
affects the affinity of Gas while at the same time enhanced
the affinity of Gai hence halts Gas activated production of
cyclic AMP and initiate signaling pathway mediated by Gai.
Moreover, halting the production of cAMP, cardiac myocytes
BARs phosphorylation intermediated by PKC and PKA kinases
prompts conscripting B-arrestine and phosphodiesterase-
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4(PDE-4) which stimulates cAMP degradation. In protracted
mediation of BAR PDE-4 vital enzyme in maintaining
equipoise between degradation and Cyclic AMP production in
desensitization over and done with hydrolyzing cyclic adenosine
monophosphate,(Figure-2) BAR phosphorylation mediated by
PKA are boosted and switching from Gos to Goi homologous
desensitization of GPCR is another way of terminating signaling
pathways through carried out by a family of enzymes (GR
Kinases) which phosphorylate the receptors in the presences of
these enzymes (GPCR Kinases) [19-21]. There are total seven-7
GRK located in different tissues of the body [22]. GRK1 and
GRKY7 are specifically located in Retinas of the eyes, GRK4 is
located in the Germinal cells expressed in spermatozoa, while
remaining four members of the GRK, 2, 3, 5, 6, omnipresent
in body tissues [22]. GRKs predominantly responsible for the
mediation of threonine and serine remnants phosphorylation
which enhances beta-arrestine translocation to its respective
receptor by GPCRs activating ligand specifically in C-terminus.
Moreover, ephemeral activation of Beta-arrestine can be done by
transmembrane core GPCR other than the formation of GPCR
beta-arrestine phosphorylation of tail o receptor. Internalized
receptor activation enhances while beta-arrestine proscription of
G-protein coupling sterically [23]. Direct Collaboration between
beta arrestine the aforementioned Clathrin and Clathrin adaptor
protein-2 (AP-2) marked the coated pits of Clathrin which
results in receptor internalization [24]. There is slow and fast
recycling of internalization receptors to plasma membrane or
gets degraded by the action of lysosomal enzymes in early stage
of endosomes or late endosomes in protracted internalization
respectively [25]. Downstream signaling pathways are
continuously activated by internalization of GPCRs are said
to be persisted in membrane bounded vesicle (endosomes)
revealed by current studies [ 10]. Beta-arrestine has wide range of
regulation and degradation of signaling transduction of receptors
internalization by ubiquitylation [13, 26]. And target for these is
control by ubiquitin and de-ubiquitinase thereby tightly regulate
ubiquitination and de-ubiquitination phenomenon [27].
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Figure 2: Cardiac myocytes GPCR signaling mediated by Beta-arrestine over and done with Heterologous and Homologous
Desensitization. This figure shows the selective mediation of Beta-arrestine (Beta-arrestine 1, 2) in course of desensitization through
heterologous (non-canonical) and homologous (canonical) GPCRs and their influence over cardiac myocytes downstream signaling.
Ga- Alpha subunit; Gas, alpha subunit stimulatory; Protein kinase-A (PKA); Protein kinase-C (PKC)
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1.3. P-Arrestine-Mediation: Gpcer Signaling and Biased
Agonism

Beta-arrestine are member of Arrestine 1 to 4, arrestinl and
arrestine4 are widely manifested in retinas of the eyes and
arrestin2 also known as arrestinel, arrestine3 referred to as
arrestin2 are extensively spread other tissue and expressed [28].
These four Arrestine proteins have similar homology in their
structure and high sequence made up of N, C terminus which
constructed on anti-parallel beta-strands, intervening loops [29,
30]. Even though well define structure of the two isoform arrestine
has the capability to engage wide range of GPCRs activation
by the agonist. GPCR signaling are critically mediated by the
beta-arrestine in either activation of the receptors internalization
and desensitization of the signaling as well [28]. Signal
transduction across membrane downstream signaling pathway
intracellular function is achieved through the action of scaffold/
adaptor protein, Such as the initiating activation of ERK by the
complex formation receptor-Src. Receptor-Src are formed when
tyrosine kinase (c-Src) and bet-arrestine interact directly. Beside
that B1-AR and AT1Rs can regulate the activation across the
membrane of epidermal growth factor receptor (EGFR) which
can also activate the ERK [31]. ERK activation is mediated by
Beta-arrestine which in turn regulates the function of MAPK-
1 (mitogen activated Protein kinase) and relating Threonine/
Serine kinase-1 (MNK1) in synthesis of protein, along with that
beta-arrestine regulates BCL-2 concomitant agonist cell death
(BAD) phosphorylation meddling anti-apoptotic signals [32-
34]. Action of mediated by G-proteins are quick and momentary
whereas beta-arrestine mediated process are unhurried and
brief in duration [35]. For instance, activation of ERK by
G-protein enter nucleus and can cause desired transcription
by phosphorylation while beta-arrestine mediated remains in
cytoplasm matrix, causes regulate diverse cellular responses and
substratum. Despite being thought of Beta-arrestinel and beta-
arrestine2 functionally an obsolete but recent studies have shown
that beta-arrestinel versus beta-arrestine2 has influence on
cardiac myocytes function and survival, As it desensitizes Betal-
adrenergic receptors, Beta-arrestine one may be considered to
have negative impact on cardiac myocardium while advances
pro inflammatory substances and apoptotic activity signaling,
beta-arrestine inhibition of signaling which lead to cell death [36,
37]. Latest data has shown both in vivo and in vitro that Beta-
arrestine2 may enhanced myocardial contractility acting directly
on Sarco(endo)plasmic reticulum Ca2+ ATPase (SERCA2a)
boost its performance prompting SUMOylation, effected
stimulated due to signal transduction of betal-arrestine receptor
[39]. In addition to that induced myocardial infarction in a model
mouse with cardiac dysfunction was created for study purposes,
in model mice with beta-arrestine2 overexpression has shown to
have enhanced SUMOylation of Sarco(endo)plasmic reticulum
Ca2+ ATPase and vastly increase myocardial function moreover
a significant reduction in adversative events post MI such cardiac
remodeling over and done with fibrosis and apoptosis [38]. While
these studies may show that Beta-arrestine may be a potential
treatment in Heart failure, but another study oppose that stating
in the course of acute myocardial injury an overexpression of
Beta-arrestine2 may have negative effects [38]. Furthermore,
in this study cardiac myocytes were cultured and specifically

unregulated for the expression Beta-arrestine2 greater instigated
ischemic reperfusion injury, increased myocardial cell death
were noted in induced myocardial ischemic injury mice models,
however on other hand insufficiency of functionality or knock
down of beta-arrestine2 may have conveyed negative effect on
reperfusion in myocardial ischemic injury. The Deteriorating of
phenotype happened when beta-arrestine2 and Phosphoinositide
3 kinase (PI3K) subunit the p85 interacted that regulates the
complex formed by p85-PI3K/Cav3, ensuing activation of
glycogen synthase kinase and Akt occurs once PI3K mediation
is blocked [39]. Conflicts of reports about the relevancy of Beta-
arrestinel and 2 in course of therapeutic treatment of HF in
human necessitates to be determined. Recent reviewed studies
about beta-arrestinel and 2 and variant role as therapeutic
implications [40].

1.4. Biased Agonism: Atlr Receptors and Signaling

Self-regulating of cellular signal transduction across the
membrane aptitude of the beta-arrestine has given rise to the
phenomena biased agonism, which explains the subsequent
activation of a single GPCR via more than one ligand which
is distinctive subclasses downstream signaling actions. In
accordance with that, ligand is categorizing as full agonists,
inverse agonists, and neutral agonists as shown Figure-3 below
[41, 42]. Biased ligands can selectively cause the activation
of beta-arrestine regulatory pathway signaling devoid of
activating G-protein signal transduction across membrane or
block. Hence these ligands are named as biased agonist. Biased
agonism and allosteric modulator has provided critical insight
in considering pharmacology of GPCR and has providing better
understanding to develop targeted and more effective treatment
for GPCRs discerning signaling by ligand sketches, Over the
time more biased agonist has been recognized for GPCRs which
has distinctive well-adjusted agonist and have physiological
effects, Betal adrenergic and beta2 adrenergic like among other
subtypes of GPCRs are present across all mammalian heart
including that of humans where it can influence cardiovascular
system function In absence of any mechanical stress betal
adrenergic is more scarce than that of beta2 adrenergic making
up 80% and 20% (80:20) respectively of total beta adrenergic
[42-44]. Moreover, in condition like heart failure this ratio
becomes 60:20 as the specific repression of betal adrenergic by
ligands. Beta endoergic are amongst receptors which plays an
important role in regulation and influence myocardium is target
of standard care therapy in daily practice [45]. Endogenously
norepinephrine (neurotransmitter) and epinephrine (hormonal)
are responsible for the activation of beta-adrenergic receptors.
Hence a vital role in cardiovascular system regulation, such
as increased myocardium contractility, cell survival signaling,
increased in blood pressure due to aggravated Ang-1I, myocardial
hypertrophy and enhanced myocardium function all are effects of
ATI1R, TRV120023, and TRV 120027 when stimulated thru beta-
arrestine biased ligand [46-49]. AT 1R got attention for its role in
advances and development of myocardium dysfunction caused
by HF and G-alpha-q causes vasoconstriction when stimulated
by signaling from G-protein [50, 51].and Hypertension while
hypertrophy in cardiac myocytes [52, 53]. In some therapeutic
context, use of AT1R and angiotensin enzymes inhibitors blocks
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both the discorded signaling of G protein and beta-arrestine
signaling of myocardium protective effects as well [54, 55].
Therefore, biased agonists are of great interest for studies
in activation of beta-arrestine signaling by ATIR devoid of
stimulating G protein which has then negative effect. Figure-3-4.
New ligand of AT1R has been discovered in recent times that
can mediate signaling of beta-arrestine. Work for development
of AT1R mediated agonist ligands which act as beta-arrestine
biases was some ten years ago started to create artificial
analogous of angiotensin II as well as for sar-1, Ile-8-ang-II (SII)
that target AT1R [56-58]. Moreover due to SII high specificity
and poor affection, studies cannot concluded its biased mediation
of signaling AT 1R in myocardial cells, on the other hand specific
interaction of beta-arrestine with AT1R have exhibited results
in in vitro and erstwhile vivo studies, which then can cause
activation of protein kinase pathways mediated by mitogen in
G protein resulting enhances myocardial contractility, It has also
enhance autonomous fashion Ca2+, it could be of potentially
beneficent in myocardium [59, 60]. Another study conducted by
Trevena Inc. in Chester brook Pennsylvania involved TRV023,
TRV027, TRV067 and SII as central compound which mimic
as biased ligand beta-arrestine including its effectiveness and
specificity for AT1R and it the same time act as an antagonist
for G protein signaling [61, 62]. Left ventricular pressure
was elevated by ATIR signaling reliant on Beta-arrestine2
activation in mechanically induced diastolic expansion without
the presence of Gq protein Langendorff perfused mice model.
Moreover, there was marked elevation in level if ERK1/2 and
phosphorylated Akt which inhibit the EGFR (epidermal growth
factor receptors) [63]. In compliance of the verdicts, both beta-
arrestine 1 and 2 mediated AT1R in vivo were responsible
for the increase in contractility of left ventricle concomitant
increase in volume. By this proportionate relation it designates
that Frank Sterling mechanism in myocardium is sensitive to
signaling stimulated by beta-arrestine [64]. In Addition to that
in vitro model allosteric amplification were noted in affection
and effectiveness of biased beta-arrestine orthosteric ligand of
AT1R in osmotic expansion which recommends in mechanical
stresses such as chronic Heart failure, force of contraction in
left ventricle be able to enhanced AT1R agonist by biased beta-
arrestine in vivo models of mice [65-68]. By combining all
these outcomes Falker GM et al (Angiotensin-2 typel receptors
mediated by biased ligand in HF) conducted randomized double-
blind placebo-controlled phase 2b (BLSDT-AHF) to find out the
potentiality of biased ligands Beta-arrestine signaling at ATIR
in deteriorating etiological heart failure. To evaluate TRV027
therapeutic effects in acute heart failure treatment. Body endured
TRV027 well use of biased ligands in acute condition from 2 to
4 days intravenously infused has not favored desired results in
controlled group compared to placebo over 30 days follow up
clinical status remain the same [69, 70]. though it is still subject
of importance in scientific community whether biased ligands
at ATIR mediated by beta-arrestine was of benefits in chronic
heart failure [71].

1.5. Biased Agonism: Bar Receptor and Signaling
Beta-adrenergic receptors are also of great importance while
bearing in mind cardiovascular system. Betal-adrengeric

receptors enhanced the cardiac out by increasing heart rate,
conduction velocity and stroke volume primarily accredited
to signaling by G protein, while Beta2-adrenegic receptors
influence the force of contraction (inotropic) of cardiac muscles
and altered the tone of blood vessels. Betal and 2 adrenergic
both are implied clinically in various condition relating to
cardiovascular system [72]. In similar mechanism like biased
signaling by biased beta arrestine at ATIR, Primarily Beta-
adrenergic receptors result in activation of ERK %% and epidermal
growth factor receptors, and expounded for the advances of
signaling transduction pathway survival pathways. Following
studies have demonstrated that unmodulated beta adrenergic
(orthosteric) ligand and beta blocker in combinations with
carvedilol (used in clinical practices) activation of ERK ' and
epidermal growth factor receptors (EGFR) mediated by biased
beta-arrestine without enhancing beta blocker prime function
of action on G alpha-q protein [73, 74]. In retort carvedilol
causes cardiac myocytes beta arrestine 2 tropisms granted by
betal adrenergic via polymorphism phenomena in Arg-389-Gly
revealed by latest studies. It states that natural phenomenon
[75, 76]. Which emphasized on gene mutation in GPCRs may
enhances mechanism of signaling in biased agonist [77]. In
presences of carvedilol there has been amplification in miRNA
(miR 214 and miR 199a 3p) in cardiac myocytes and subsequent
cell survival signal modulation upon activation of protein kinase
(Akt) mediated by micro-RNA at the same time suppress the
genes responsible for apoptosis in myocardium, and this whole
processis triggered when there is Betal adrenergic/beta arrestinel
biasedly stimulated by carvedilol in model of I/R. In same
manner as biased agonism stated earlier, carvedilol enhanced
significantly the formation of miRNA (miR-125b-5p) in mice
myocardium leads to, rises protein kinase level again, repression
of other type of genes amenable for apoptotic activity leading
to enhance survival signal transduction in acute myocardial
infarction [78]. In addition to that it was found in study micro
RNAS532 (miR532) of beta2 adrenergic and beta arrestine
mainly responsible for suppression of enzyme serine protease 23
in endothelial cells of heart, reduced the conversion of EndMT
(endothelial into mesenchymal) in model of myocardial infarction
induces myocardium preservation [79]. conversely there was
no clinical dissimilarly in treatment of heart failure amongst
unbiased beta blocker (metoprolol) and biased ligand carvedilol
published in meta-analysis [80]. it was indicated in study that in
medicinal range carvedilol may not involve affectionately, and
thus have no any well favors the patient, signaling interaction
with beta arrestine [81]. To conclude the findings, whether or
not unmodulated biased beta arrestine beta adrenergic ligands
involves reportedly in regulations of myocardium contractility
in similar mechanism, there is not enough data available about
ATIR ligands because there is no other such combination of
therapeutic efficacy beside carvedilol. As stated in early study
by Kim IM et al, carvedilol induces micro RNA process in
his action at beta adrenergic leading to stimulated activation
of diverse signaling including that of across the membrane
activation of epidermal growth factor receptors and stimulation
of ERK mediated by beta arrestine These stimulated EGFRs thus
have preserve myocardial tissues , In Lab mice, study in which
gene responsible for the expression of betal adrenergic was
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repressed, in absence of betal adrenergic, phosphorylation of
GRK cannot be processed hence the interaction of Beta arrestine

G protein

with EGFRs [82-84]. therefore, beta arrestine and signaling of
beta adrenergic seems important in cardiac performance [85].

p-arrestin Allosteric modulator

A Inactive Balanced agonist . . ) . - ¥
biased agonist biased agonist (positive, negative, silent, biased)
G protein  B-arrestin 1 G protein | 1 B-arrestin G protein p-arrestin
signaling signaling  signaling signaling signaling signaling
Sustained/ \ 1 l

Potential clinical Detrimental effects:

Cardioprotective effects:

Cardioprotection Cardioprotection

advantage of 1 Heart rate 1 Cardiomyocyte contractility
p-arrestin bias 1 Blood pressure 1 Cell survival signaling
on B1AR and AT1R 1 Apoptosis | Apoptosis
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Figure-3: G-protein coupled receptor signaling

G protein interaction
and signaling

(A) Biased agonism by GPCRs potential clinical implication.
Biased agonists specificity for G-protein or Beta-arrestine
stimulated signaling pathway. Allosteric modulators bounded/
unbounded to its respective receptors and regulation of primary
ligands. Studies in past suggest that betal-adrenergic receptors
activation of G-protein signaling has negative effects on cardiac
myocytes, and beneficial effect of beta-arrestine on myocardium
performance. Hence, blocking the activation of no G-protein
effects by the action of betal adrenergic receptors, AT1R beta-
arrestine agonist and allosteric stimulators results in boosting
myocardium protective properties. (B); Essential aspects of

C-terminus

S,

B-arrestin tail interaction:
receptor internalization
p-arrestin signaling

GPCR structure are shown here. Biophysical studies have shown
that how certain effectors stimulate GPCR structure in order to
enhanced downstream signaling. In particulate transmembrane
domain (TM3) and TM6 is particularly important for receptor
activation upon release of iconic lock; Intracellular loop-2 (ICL-
2), ICL-3, TMS and TM6 give rise to the G-protein signaling;
Beta-arrestine signaling has two distinct ways positioning (1);
Receptor internalization by collaborating with receptor tail; (2);
G-protein desensitization by collaborating with transmembrane
core receptor.
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Above cartoon diagram shows the action of direct agonist versus
antagonist; Biased agonism targeted by activity of beta-arrestine
potentiality in comparison to Direct agonism and antagonism.

1.6. Alpha a-Adrenergic Receptors and Signaling

Alpha adrenergic receptors resembling beta adrenergic
receptors, they are endogenously stimulated by catecholamine.
Alpha adrenergic are family of Alphal- alA, alB, alD and
Alpha2 contain 02A, a2B, a3B.Alphal receptors interacts
initially with subunit alpha-q G protein activating phospholipase
C, which causes the enhances rise in level of Ca2+ intracellulary
by 2nd messenger formation inositol triphosphate 1, 4, 5 and
diglyceride (DAG) stimulated by phospholipase-C. All the
three o subtypes are mutually stimulates and regulates cardiac
cells i-e alpha-1-A, alpha-1-B, in all of the subtype’s alpha-1-B
are widely distributed [147a] Alpha-1D receptors are widely
distributed in smooth muscles of coronary artery as chief alpha-
adrenergic subtype [86]. during unfavorable condition or under
mechanical stress stimulus such as in hypertrophy/ protracted
stimulation cause rise in expression of alpha-1 adrenergic
in cardio myocytes, while alpha-1B and alpha-1D reduced
in number, however total alpha adrenergic remain same or
greater than before [87]. Alpha-1 adrenergic receptors are of
great importance in myocardium preservation, physiological
hypertrophy, enhances force of contraction, and concomitant
reduction in apoptosis signal not similar to other alpha-q
receptors G protein which have detrimental effects on cardiac
myocytes in prolong activation and up regulation [88]. In study,
repression of dual gene responsible for the alpha-1 and alpha-1B
adrenergic receptors in transgenic mouse leads to the deteriorated
dilated cardiomyopathy, rise in apoptotic activity, and decreased
in survivance [89]. In clinical trials revels that before advising
alpha-1 adrenergic agonist medication in hypertension and
prostate abnormalities cautionary measures should be taken
[90]. Alpa-1 adrenergic receptor agonist medications such
as Prazosin and doxazosin hypertension lowering drugs but
can leads to increase chances of Heart failure subsequent rise

in mortality. Unlike cardio myocytes, Cardiac fibroblast lack
alpha-1 adrenergic receptors [91, 92]. Alpha-1B might meditate
new vessel formation (angiogenesis) and vasodilatation as they
are distributed in endothelial cell of coronary artery [93, 94].

Alpha-2 adrenergic receptors reduced Ca2+ intracellulary
by binding with Gai, inhibit adenylyl cyclase subsequent
decreases in cyclic adenosine monophosphate (cAMP), it
can take place in both before synapses(presynaptic) and after
synapses(postsynaptic). Before synapses (at presynaptic)
alpha-2 adrenergic receptors mainly mediate the release of and
sympathetic catecholamine at synapses. In absence of disease
alpha-2 adrenergic activation mediated by norepinephrine
has detrimental effect on release of norepinephrine [95]. in
transgenic mouse models, study shown suppression of either
genos responsible for alpha-2A and alpha-2C has leads to
the increase of norepinephrine aggravate the heart failure
[95]. Alpha-2B is responsible for the vasoconstriction as it is
distributed in vascular smooth muscle cell [96, 97, 153].

1.7. Muscarinic Receptors and Signaling

Muscarinic receptors are widely distributed in human body and
organs where they play an important role in pathophysiological
processes such as stimulation of secretion from glands and
contraction of smooth muscle cells. Aiming therapeutic
medication at muscarinic receptors can of great purposes and
has been vastly studied and explored, for the cardiovascular
disease as well [98]. Muscarinic receptors comprised of five-
5 subtypes namely M1, M2, M3, M4, and M5. Amongst all
M1, M3, and M5 interact with Gq subunit and M2 and M2
bind to Gi. associated with diverse cardiac physiology. Among
all M2 isoform is of importance in heart [99]. M2 receptor is
responsible for inhibition of heart rate signal mediation of
parasympathetic supply. moreover, acetylcholine activated M2
isoform interact with Gi protein decreases in cyclic adenosine
monophosphate (cAMP) if current through hyperpolarized
activated cyclic noontide gated ion channels [100]. reduction
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in Ca2+ inside the cell [101, 102]. following detrimental
inotropic chronotropic consequences [160]. At the same time
G-beta and gamma subunits are responsible for further enhances
detrimental chronotropic action at heterotetramer muscarinic
gated potassium channels [103].

Muscarinic receptors were the first to recognized and studied
in 90’s to have biased activity in attempt of possible treatment
for Alzheimer disease in which isoform M1 were stimulated by
number of downstream signaling pathway. Latest studies have
shown that non modulated, allosteric and other binding sites
mutations in these open new ways to be targeted by therapeutic
medication which is gaining interest in scientific community
[104]. In addition to that pilocarpine medication used for the dry
mouth and glaucoma is said to beta-arrestine biased ligand at M3
receptor [105, 106]. furthermore, diacylglycerol signal end and
desensitization of M1 receptor by the action of beta arrestine and
beta arrestine play a role molecular switch [107]. Thus, it looks
very encouraging by pursuing to exploits the biased agonist at
these receptors [108].

1.8. Endothelin Receptors and Signaling

here are total four-4 endothelin receptors ET1-4 out of these four
Endothelin 1 is isoform chief situated in cardiovascular system.
Prolong activation of Endothelin (ET) 1 can give rise to cardiac
abnormities such as hypertrophy and hypertension [109, 110]. in
transgenic models of heart failure there was mark elevation of
endothelin (ET) 1 in plasma in both subjects. Endothelin (ET)
can interact with one or the other G protein couple receptor
Endothelin-A receptor (ETAR) or Endothelin-B receptor
(ETBR) after couple with its receptors expressed itself [111,
112]. Though Endothelin-A receptor (ETAR) is said to be the key
influencer and are responsible for the enhancement of inositol 1,
4, 5-trisphosphates (IP3) activity by interaction of Endothelin-A
receptors (ETARs) with subunit Gq and activation of signal
transduction in mitogen activated protein kinases (MAPK)
in both atria and ventricle of heart. Endothelin-A receptors
(ETARs) are seeming to be responsible for adenylyl cyclase
inhibition probably by interacting with Gi [113]. moreover, in
human blood vessels new biased ligands been identified could
be related to hypertension. In experimentations in heart failure
subject endothelin signal inhibition further life expectancy [114,
115]. but in human heart failure models’ endothelin receptors
inhibition is of no use in latest meta-analysis on clinical trials
which examined four-endothelin receptors antagonist for the
medicinal purposes [115-118]. Medication includes setaxentan,
macitentan, bosentan and ambrisentan. Within each these
medications have shown several critical adverse reactions. it
is well known now that antagonist for endothelin receptor has
preventive implication on cardiovascular system alongside it has
shown some undesirable adverse reaction [119]. Development of
certain medication to evade these unwanted results is of research
interest. For this purpose, bosentan interaction with endothelin-B
receptor crystal structure has been recently decrypted. in this
investigation substantial linkage has been found amongst
the two, presumably sustained as in closely affiliation with
endothelin-A receptors (ETAR) [120]. The goal is for deeper
knowledge of architecture correlation amongst receptor and its

antagonist and determination for the development of potential
therapeutic optimal drug delivery combination.

1.9. Adenosine Receptors and Signaling

A purine (Adenine base) adenosine has an important role
in regulating physiological procedures, and to be found in
cardiovascular system as well. G-protein coupled receptors
known to mediate the function of adenosine over and done
with receptors known as adenosine receptors (Adenosine Al
receptors). Presently it has four isoform adenosinel receptor
(AIR), adenosine2a receptor (A2aR), Adenosine2b Receptor
(A2bR) and adenosine4 receptor (A3R). Adenosine interact with
all of adenosine receptors (ARs) but the receptors are products
are diverse in which sort of cell they are in what they mediation
and they interaction with the effector. Adenosine-1 receptor and
adenosine-3 receptor halts cyclic adenosine monophosphate
by signal transduction through Gi while adenosine-2 receptors
predominantly interact with Gs. AR stimulus and let go of G
protein subunits Gfy play substantial part in cell modification
and growth.it is of no revelation because GPCRs have been
mediated cause the release of Gpy. [228a] adenosine-1
receptors known to have cause Ca2+ discharge, induce inositol
trisphophate (IP3) and K+ and Ca2+ channel regulates in indirect
manner. Like other biased GPCRs adenosine receptor have
shown biased signal transduction such as novel ligand VCP746
decreases hypertrophy transgenic mice but show no results in
human heart [121, 122]. Another partial agonist capadenoson
which mediates adenosinel receptors been able to modify heart
failure in lab animal with heart failure in nonhuman species,
while in fibroblasts and cardio myocytes adenosine-2b receptors
mediates biased signaling [123]. [186a] Another example
is of protraction of adenosine modulation by inosine which
entertain adenosine-2 receptor in biased agonism. Adenosine-2
receptor mediates adenosine stimulation in vessels [124]. while
adenosine-1 receptors stimulation by adenosine is responsible
for cardio protection against reperfusion injuries, discourage
detrimental numerous routes which leads to heart failure such
as fibrosis, apoptosis, hypertrophy, ventricle dysfunction and
arrythmogenesis induced by HF and enhances constructive
effects against heart failure [125]. Pharmacological objective
aims at adenosine-1 receptors, there are numerous agonist and
antagonist are considered in heart failure [126, 127]. for this
purposes rolofylline (KW 3902) an experimental antagonist of
adenosine-1 receptor [128]. Use of this medication restricted
it use due to stroke occurrence in subjects in spite of relieving
of symptoms in renal impairment [129, 130]. contradictory to
that, agonist for adenosine-1 efficaciously stabilizes heart rate
in arrhythmias [131]. in chronic heart failure shows no adverse
reaction [131]. Currently use of partial agonist is of great interest
[132]. At present aim of using partial agonist for the activation
of receptors without provoking diverse action and ascertaining
of the biased ligand [133]. Nevertheless, aiming at adenosine-1
receptors which is situated in heart and adenosine-2 receptors
are in vessels. And both have potential to be used therapeutically
but bear in mind the partial agonist specificity of biased ligands
and for its subtype as well.
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1.10. Apelin/Apj Receptor System and Signaling

Apelin/APJ system is novel G protein couple receptor APJ are
widely distributed in heart, central nervous system and periphery
tissues and was discovered in 1998 formerly known as APJ
orphan receptor is now attention for target therapeutic therapy
in various tissue including heart. An analogous to angiotensinl
receptors, and has similar distribution. Apelin formed as pre-pro
apelin and split into numerous small segments by the action of
ACE (angiotensin converting enzyme) [134, 135]. These small
fragments are diverse activity and can stimulate, endocytosis,
and reuse of ligands. APJ interact with Gi subunit of G protein
GPCR and have capability to bind with Gq Apelin have a wide
range of role in regulating across both cardiovascular system and
periphery tissues, including stimulates constriction of vessels,
formation of new blood vessel and alters muscular contraction
force (inotropic agent) [134, 136-138]. In vascular system
Apelin counteract angiotensin 1 receptors activity by interacting
with Gi which causes nitric acid to release. Apelin is effectively
amends cardiac contraction (inotropic agent), and stimulate PKC
or PLC, sarcolemmal NHE (Na+-H+) exchange, pathways Na+-
Ca2+ by Gq activation though they are abstemiously distributed
in Heart [139-142]. APJ mediators either endogenous mediators,
or small apelin segment act as biased ligand Though receptor
internalization carried out by mediation of beta arrestine [143-
146]. Which can give rise to hypertrophy if APJ activation occurs
by distention [146]. In cardiac dysfunction patients increased in
Apelin/APJ plasma level were observed initially and in later
stages declined [145]. In lab, induced ischemic heart failure
(IHF) in murine animal models there was sudden overexpression
of Apelin/APJ subsequently by ischemic injury. The aforesaid
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changes remain for long time [147]. Suppressions of gene
responsible for Apelin/APJ in mouse results abnormalities in
contraction I/R injury delayed recovery [148-152]. moreover,
dosing Apelin or apelin analogues prevents I/R in induced
ICH (ischemic heart diseases) rodent lab animal models
[153]. Encouraging its possible therapeutic use in heart failure
specifically aiming at Apelin/AJP. [150,160d] Nevertheless
biased ligand for apelin/APJ receptor system yet to be resolute.

1.11. Other Gpers

There are more than two hundred G-protein couple receptors
expressed in human heart Apart from the aforementioned
receptors, there are numerous other prominent receptors which
influences progression or management of cardiovascular
diseases, such as 5-hydroxytryptmine receptor 2b (Serotonin
5-HT2b) stimulates heart muscles growth and function, while
enhances fibrosis and hypertrophy in heart upon activation
[154]. In chronic heart failure histamine type 2 receptors (H2R)
antagonist ameliorate heart function [155, 156]. Relaxin (the
peptide hormone) and its receptors actions enhances the anti-
fibrosis and cardio protecting activity. Recombinant human
Relaxin 2 hormone (serelaxin) is still under investigation
intended for treatment of critical heart failure [157]. in induced
heart failure for investigation purpose, inhibition of arginine
vasopressin receptor 2 (AVPR2) minimizes renal impairment
and cardiac dysfunction [158]. Cardiac lysosphingolipids
(Sphingosine 1 phosphate) receptors stimulation known to
influences cardio protection [159]. Figure-5 shows the GPCRs
and its effects on cardiovascular system [160].
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Figure 5: G protein couple receptors in cardiovascular system and its function
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2. Conclusion

cardiovascular diseases (CVD) take estimated 17.9 million life’s
annually and leading cause of death worldwide. Comprehension
the structure and function of G protein couple receptors and
influence over the physiological pathophysiological is subject
of great interest for therapeutic targeted therapy against the
said receptor and improve specificity of biased ligand at their
respective receptors in cardiovascular diseases especially in
heart failure. Moreover, unlike in traditional pharmacology
in which diverse approach (agonists and Antagonist) towards
receptor, is now being substituting by more targeted approach,
henceforth enhances the signaling focused at ligand. For case
in point in-silico molecular docking bio active (peptides/
chemical drug) delivery and binding specificity (structural based
drugs) with the receptors, it is achieved through investigational
studies of GPCR structure in Biophysics. Lack of information
about the structure of GPCR as well as GPCRs understanding,
fragility, and short duration of the receptor-activator was main
hurdles in past. At present major advances in technology such as
transmission electron cryomicroscopy (CryoEM), has led to the
better understanding of anti-body based therapeutic targeting of
GPCR, to engage specific receptor and to have desired effects
for example single-domain antibody (Nano body) and antigen
binding fragments (Fab). Biased agonism is receiving interest
for therapeutic purposes, accomplish at minimal unwanted
effects is fetching reality in sub atomic and molecular level to
modulate downstream signaling pathways. As more and more
progress in technological and methodological would provide
with better diverse structural /function of GPCR and can lead
to innovation of therapeutic drugs that are more specific or
biased in their function by enhances/inhibiting receptors in
cardiovascular disease thus minimizing adverse effects. As of
now there are numerous orphan receptors yet to be characterized
in cardiovascular system. Novel ligand and mechanism of action
for GPCRs has been established and need vigorous experiments
which may one day lead to development of innovative therapeutic
stratagems.
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