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Abstract: This review article is aimed to delineate the potential role of hormones in the treatment and
diagnosis of cardiovascular diseases with special emphasis on the nitric oxide (NO) involved mecha-
nisms. This review will also offer an overview on current and future hormone usages, pathophysiology,
clinical features, absorption mechanisms and adverse effects. The hormone therapies against cardio-
vascular diseases as well as their treatment strategies, delivery routes and carriers were thoroughly dis-
cussed.
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cient treatment strategies against cardiovascular diseases. It was necessary to explore advanced deliv-
ery systems, such as drug eluting stent, microneedles, nanotechnology and stem cell preconditioning,
for an efficient delivery of hormones against cardiovascular diseases. The future is enlightened with the
advent of novel, safer and more effective carriers for hormone delivery as well as learning how to
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maximize the therapeutic efficacy against cardiovascular diseases.
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1. INTRODUCTION

Hormone is a type of chemical signal that acts as chemi-
cal messengers and regulators to induce specific adjustment
in the cellular activity of target cells and maintain physio-
logical homeostasis. Each hormone is unique in its functions
that involve immunity, metabolism, growth, mood swings,
reproduction, hunger and even apoptosis [1]. Hormones are
functionally interconnected from brain to pituitary to
adrenals to gonads, so any therapeutic intervention will alter
the endocrine regulation with both beneficial and adverse
activities.

Hormones are produced and secreted by cells or glands in
response to the changes in the physiological balance of the
body and circulated via the blood stream. The hormonal lev-
els decrease with age and sex specifically influence personal-
ity, behavior and health of males and females. In target tis-
sues, hormones act through specific receptors whose interac-
tion may be based on either membrane, cytoplasmic or nu-
clear.

The cardiovascular homeostasis plays a pivotal role in
regulating vital body organs and their functions, and any
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damages or constriction to cardiovascular vessels can be
fatal with no prior symptoms. Because hormones have major
impact on blood composition, energy levels, bone loss, sleep,
body weight, metabolism, immunity, mental and physical
health, hormones can be used as both diagnostic and treat-
ment agents against cardiovascular diseases [2]. Cardiovas-
cular hormones are either produced and secreted by cardio-
myocytes or produced elsewhere and delivered to the site of
action [3, 4]. Upon secretion, they bind to specific receptors
in cells, activating the signal transduction mechanisms in the
target organ and regulating its activity. Even though abnor-
mal hormonal level is indicative of fatal cardiovascular dis-
eases. Hormone therapy is most often used as an adjuvant
therapy to help reduce the risk of the cardiovascular diseases
[5].

The major challenge in cardiovascular therapy includes
identifying and designing of efficient carriers for hormone
delivery, which help to reduce the rate of morbidity and mor-
tality from cardiovascular diseases. Current guidelines indi-
cate that, as with all medication, hormones and their routes/
carriers for cardiovascular therapy should be selected and
initiated by weighing benefits and risks for the individual
patient. Moreover, the long-term follow-up of clinical out-
comes including prior hormone usages, and subgroup infor-
mation on cardiovascular genetic disorders, is necessary to
address the integral issue in hormone therapy against cardio-
vascular diseases [6].

© 2017 Bentham Science Publishers
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Nitric Oxide (NO) is a diatomic signaling molecule which,
after production in tissues, may act as an endocrine molecule
[7]. NO is a well-known marker, anti-platelet agent, vasodila-
tor and local cell growth regulator [8]. NO covalently binds
to the sulfhydryl group of cardio protective protein to form s-
nitrosothiol group, hence transforming the protein into its
cardio-protective status. Nonetheless, NO is highly reactive,
and diffuses spontaneously across the cell membranes [9].
NO is known to regulate hormone mediated vital cellular
responses in cardiovascular systems. Patients having the low
levels of growth hormone are subjected to high risk of death
from cardiovascular disease, and recombinant growth hor-
mone therapy recovered NO production to the normal level
[10]. Thus, it is integral to investigate the endocrine role of
NO and/or its metabolites (i.e. nitrite and nitrate) in hormone
regulation involved with cardiovascular diseases.

The primary goal of this review is to identify the poten-
tial role of hormones in the treatment and diagnosis of car-
diovascular diseases with special emphasis on the NO-
involved mechanisms. The hormone therapies against car-
diovascular diseases as well as their delivery routes and car-
riers, as depicted in Fig. (1), were thoroughly reviewed.
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2. HORMONE REGULATION AND CARDIOVASCU-
LAR DISEASES

2.1. Symptoms of Hormone Imbalance

There are numerous medical and physiological triggers
for hormone imbalance including birth control pills, stress,
cosmetic over-usages, obesity, tumors, pregnancy, auto-
antibody production and lack of exercise [11]. Most of these
causes are stemmed from enhanced estrogen or estrogen
dominance in the body and the low amount of progesterone.
Although the symptoms of hormone imbalance are gender
specific, the most commonly shared symptoms of hormone
imbalance include fatigue, mood swings, weight problems,
diminished sex drive, skin problems or acne, and loss of
memory [12]. These symptoms become more critical with
age into abnormal heartbeat, arthritis, chronic fatigue syndrome,
fibromyalgia, anxiety attacks, enhanced dryness in the
mouth, eyes and genitalia, and urinary tract infections [13,
14].

Hormone imbalance is typically treated with drugs or
synthetic hormones, intended to resemble different segments
of hormone pathways and alleviate pathological conditions
[15]. The initiation time of hormone therapy in relation to
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Fig. (1). Schematic overview of the review study.
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proximity to menopause has been identified as a potentially
integral predictor of cardiovascular disease outcomes in
women [16]. A finding of the efficient routes and carriers for
the delivery of those mimicking compounds is integral to
achieve the maximum efficacy of hormone therapy.

2.2. Heart and Cardiovascular Diseases

The differences in vascular responsiveness and disease
onset are likely related to hormone regulation that differs
between men and women. Hormones involved with the car-
diovascular functions are also associated with endothelial
dysfunction [17], and thus most cardiovascular diseases are
greatly influenced by impaired NO pathways/production
(Table 1) [18-32], [33, 34].

2.2.1. Coronary Angina

Patients with coronary angina exhibit endothelial dys-
function in spasm arteries. The major cause for the develop-
ment of atherosclerosis is oxidative stress and endothelial
dysfunction [35, 36]. Protective role of NO against coronary
angina is elicited via inhibition of intracellular adhesion
molecule 1 (ICAM-1) and enhancement of matrix meta-
lopeptidase-13 (MMP-13) expression [37]. NO also induces
vascular smooth muscle cell (VSMC) apoptosis through Fas
(a death signaling molecule), but the impact of VSMC apop-
tosis on the onset and progress of atherosclerosis is not yet
fully elucidated [38].

2.2.2. Hypercholesterolemia

Hypercholesterolemia is associated with abnormal endo-
thelial dysfunction, enhanced NO breakdown from oxidative
stress, superoxide anion production and overexpression of
dysfunctional vascular soluble guanylyl cyclase [39]. Cho-
lesterol regulates inducible isoform of NO synthases (iNOS)
expression and escalates oxidative-stress induced cardiovas-
cular tissue injury [40]. A treatment with lipid lowering
drugs and endothelin receptor antagonists enhances NOS
activity in hypercholesterolemia patients [41]. NO, in turn,
phosphorylates ATP-sensitive K+ channels via NO ¢cGMP-
protein kinase G (PKG) (or NO-cGMP-PKQG) pathway in
ventricular myocytes, protecting patients from hypercholes-
terolemia induced microvascular injury [42, 43].

2.2.3. Hypertension

An inhibition of NOS and endogenous NO production
causes elevated vascular resistance and high blood pressure.
NOS inhibitors trigger hypertension by elimination of NO
neural function, but has no effects on the release of endothe-
lial NO. A majority of the treatment options against hyper-
tension, such as calcium antagonists and hormonal therapies,
act on restoring NO availability [44, 45]. Inhaled NO was
efficient in reducing pulmonary arterial pressure in hyperten-
sive children. However, the role of NO in the regulation of
blood pressure varies from children (high) to adults (low)
due to varying activities of NOS in different age groups [46].

2.2.4. Congestive Heart Failure (CHF)

Oxygen deprivation or hypoxia is a critical pathological
condition, often leading to fatal complications. NO mole-
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cules are diffused into red blood cells in response to the hy-
poxic conditions, promoting NO bioavailability [47]. Levels
of NO bound to hemoglobin are inversely proportional to the
volume of cardiac output and act as a marker in congestive
heart failure (CHF) [48]. Apart from NO production and
activity, iNOS, one of the three isoforms of NOS, is over-
expressed in endothelial and myocardial cells, which is
mainly caused by either dilated cardiomyopathy or ischemic
heart disease of the CHF patients [49]. NO exerts vasore-
laxation along with endothelial NOS (eNOS) activation,
which is the key target for CHF treatment [22-24].

2.2.5. Carotid Artery (Supply Blood to the Brain) Disease

The causative mechanism in carotid artery (i.e., a blood
supply to the brain) disease is similar to that of the coronary
artery disease. A long-term inhibition of endothelial NO syn-
thesis leads to thrombogenicity through angiotensin-II [50].
NO along with prostaglandins inhibits endogenous growth of
intimal thickening in carotid arteries [40]. In shear stress
conditions, NO production is stimulated as part of body ho-
meostasis mechanism, which protects the carotid arteries
from the Progression of vasoconstriction [51]. At the same
time, an excess amount of NO yields cardiogenic shocks,
promoting the production of reactive oxygen species (ROS).
Thus, eNOS induced NO release has protective effects,
whereas the iNOS simulative process has harmful effects on
the progress of vasoconstriction [52].

2.2.6. Myocardial Infarction

The pathological symptoms of myocardial infarction in-
clude eNOS deficiency that results in an imbalance between
NO production and oxidative stress [53, 54], which was re-
versed by the enhanced expression of eNOS as well as stimu-
lation of pathway involved with serine/threonine kinase/
protein kinase B (Akt/PKB) [55, 56].

2.2.7. Acute and Hypersensitive Stroke

The high level of NO is detected in the serum of acute
stroke patients [57]. NOS substrates protect elder people
from being attacked by stroke through improving cerebral
blood flow and cyclic adenosine monophosphate (c-AMP)
levels. The chronic estrogen treatment provides stroke pa-
tients with neuro-protective effects via phosphoinositide 3-
kinase (PI3K)-Akt pathway and over-regulating eNOS pro-
tein expression, that stimulates non-nuclear glucocorticoid
receptors [58, 59].

3. HORMONES INVOLVED WITH CARDIOVASCU-
LAR DISEASES

Hormones are chemical messengers of the human endo-
crine systems that travel through bloodstream to target tis-
sues. The Endocrine system controls the functions of the
body by secreting various hormones into the blood that bind
to the receptors on or within the target cells to initiate a spe-
cific cellular response through membrane, cytoplasmic or
nuclear. Hormones and hormonal regulation is hardwired
into the human genome that maintains not just the cardiovas-
cular systems, but also immune system, growth, metabolism,
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Table 1. Cardiovascular diseases and NO involved mechanisms.
Cardiovascular Nitric Oxide Nitric Oxide Based 1. Medications and
. Involved . Ref.
Disease . Benefits 2. Surgical Procedures
Pathogenesis
Angina Pectoris Decrease in endothelial | Smooth Muscle relaxation 1. Nitrates, Beta blockers, Calcium channel blockers, Angio- [18]
NO production through NO-cGMP pathway | tensin Converting Enzyme (ACE) Inhibitors, anticoagulants,
antiplatelet drugs;
2. Balloon Angioplasty or Coronary artery bypass (CABG),
Stent implantation
Arrhythmias Modulation of gap junctions | 1. Beta blockers, calcium channel blockers, anticoagulants, [19]
digoxin;
2. Pacemakers, Cardioversion, implantable cardioverter defibril-
lator, catheter ablation, Maze surgery, CABG
Atherosclerosis Reduced NO produc- | Vasodilation, antiplatelet 1. Anticoagulant drugs, Vasodilator drugs; [20]
ti d activi ti d inhibiti . .
fon and activity ?)%%gféli\/ll?ln QHMK/IIPI_ 1131(;?(_ 2. Balloon angioplasty, CABG, Carotid endarterectomy
pression
Cardiomyopathy Abnormal increase in 1. Vasodilators, digitalis, ACE inhibitors, anticoagulants, [21]
eNOS and NO levels diuretics, Angiotensin II receptor blockers (ARBs), beta block-
as local host response ers, calcium channel blockers;
2. Heart transplant, open-heart surgery, pacemaker, left ven-
tricular assist device (LVAD) implantable cardioverter defibril-
lator (ICD)
Congestive Heart NO binds to RBC act- | Imparts vasorelaxation 1. Diuretics, ACE inhibitors, Aldosterone antagonists, Angio- [22-24]
Failure ing as disease marker tensin receptor blockers, Beta blockers, Dilatrate, Digoxin;
2.1CD, Biventricular Pacemakers, heart transplant
Coronary Artery Impaired NO produc- | Vasorelaxation and cardio 1. Beta-blockers, nitrates and calcium-channel blockers, [25,26]
Disease tion protective effect, suppres- diuretic, ACE inhibitors, ARBs, vasodilators
sion of intimal thickening .
and endogenous growth 2. CABG, coronary angioplasty
Myocardial Infarction | eNOS deficiency, NO | Cardio protective and regu- | 1. Thrombolytic Medicines, beta Blockers, ACE Inhibitors, [27,28]
imbalance latory effects anticoagulants, platelet-inhibiting drugs;
2. Angioplasty, CABG
Hypertension Lower NOS and NO Reduces pulmonary arterial | 1. Diuretics, Beta-blockers, ACE inhibitors, Calcium-channel, [29]
activity pressure Vasodilators, Nervous System Inhibitors, Alpha Blockers,
Alpha-Beta Blockers;
2. ARBs
Hypercholestero-lemia | Decrease in endothelial | Protects against microvascu- | 1. Statins, ezetimibe, bile-acid sequestrants, nicotinic acid, [30]
NO production and lar inflammation and endo- | fibrates
enhanced NO break- thelial dysfunction
down
Stroke High serum NO Neuroprotection 1. Tissue plasminogen activator, antihypertensives, platelet- [31,32]
inhibiting drugs, anticoagulant;
2. Carotid endarterectomy

bone physiology, brain function and secondary sexual char-
acteristics. This complex interlink of hormones is primarily
integrated by hypothalamus via pituitary gland, to regulate
thyroid, adrenal and gonadal functions. Hypothalamus re-
leases its own hormones to directly monitor pituitary gland,
on the other hand thyroid, adrenal and gonads regulates hy-
pothalamus and pituitary gland through negative feedback
mechanism [60]. Therefore, any therapeutic interventions to
this loop altering the endocrine circuitry, has both advan-
tages and disadvantages.

Hormones in the body are structurally classified into
amino acids, peptides and steroids. Lipid-soluble hormones,
such as the thyroid gland hormones and steroid hormones,

activate target cells by diffusion through the cell membranes,
whereas the water-soluble hormones, such as most amino
acid hormones, polypeptide and protein, interact with a
receptor protein present on the cell plasma membrane [61].
As shown in Table 2 [62-95], the major organ specific
hormones involved with cardiovascular homeostasis and
diseases are described in detail. Some of the hormones that
are beyond the scope of this chapter are not discussed.

3.1. Amino Acid Hormones

Epinephrine and norepinephrine synthesized in the me-
dulla and thyroid hormones synthesized in the thyroid glands
are the main amino acid derived amine hormones. These
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Table2. Effects of hormones on Cardiovascular Regulations.
Hormones Functions/Cardiovascular Mode of Action References
Effects
Thyroid Regulates cardiac electrophysiol- (1) Form hormone receptor complex inside nuclear to interact with target DNA [62-65]
Hormone ogy, calcium currents, systemic sequence; (2) Enhanced levels of thyroid hormones, stimulate f-adrenoreceptors
arterial blood pressure and vaso- activity via cGMP to enhance NO levels
dilation
T4 Induces cardiac hypertrophy by (1) Act via AKT signaling pathway along with phosphorylation of mTOR and [66-69]
stimulating RNA and protein eNOS; (2) In acute hyperthyroidism an imbalance in NO homeostasis causes fluc-
synthesis tuations in blood pressure, mediated through adrenergic and muscarinic receptors;
- (3) Promotes NO production by stimulating nNOS, iNOS and eNOS expressions in
T3 Vasodilatory effect on VSMCs VSMC [67-70]
Insulin Glucose homeostasis; Protective (1) Reduces activities of several cardiovascular pathogenesis (P47, nuclear factor [71,72]
cardiovascular effects in myocar- kappa-light-chain-enhancer of activated B cells (NF-kB), ICAM-1, plasminogen
dial ischemic reperfused (I/R) activation inhibitor 1 and monocyte chemo attractant protein 1); (2) Insulin-
injury, by inhibiting polymorpho- | resistance depletes NO levels altering vascular functions leading to hypertension;
nuclear leukocytes (PMNs) ad- (3) Severe hypoglycemia provokes acute vascular events like myocardial ischemia,
herence and infiltration into to the | cardiac arrhythmia and in some cases death
endothelium
Estrogen Cardioprotective effect in (1) Bind to estrogen receptors (ER) (i.e. ER-a and ER-f) lowering LDL levels, [73-78]
premenopausal women superoxide generation and NO regulation in atherosclerosis patients; (2) Increases
the expression of eNOS via PI3K-Akt-p-eNOS pathway and also by translocating it
from plasma to intracellular sites; (3) In myocardial infarction, estrogen in endothe-
lial progenitor cells improves the ischemic tissue condition through eNOS mediated
matrix mettaloproteinase-9 (MMP-9) activation
Progesterone | Cardioprotective effect in (1) Induces endothelial vasodilation through transcriptional and non-transcriptional [79-81]
premenopausal women pathways; (2) Promotes eNOS activation and inhibits VSMC proliferation through
MAPK pathway
Testosterone | Cardio protective effect in men; (1) Alters vascular function by augmenting the production of pro-inflammatory [82]
regulates the VSMCs potassium cytokines and arterial wall thickness; (2) Binds to androgen receptors or membrane
channels, inducing endothelial receptors in endothelial and VSMCs to induce genomic and non-genomic effects
independent relaxation in coro- respectively; (3) Maintains endothelial function by regulating the synthesis and
nary arteries, and has beneficial bioavailability of NO; (4) Vascular protective properties through non-genomic
effects on angina symptoms and systemic vasodilatory actions to enhance NO production
myocardial ischemia
Vasopressin Water retention and vasoconstric- | (1) Binds to V1 receptors on VSMCs to cause vasoconstriction via IP3 signal trans- [83]
tion; Increases peripheral vascular | duction pathway and Rho-kinase pathway; (2) Enhances NO production through
resistance promoting iNOS gene expression in NF-kB pathway; (3) Imbalance between profi-
brolic activity of arginine vasopressin and NO production is reported to trigger the
onset of myocardial fibrosis
Oxytocin Birth contractions: Regulates (1) Regulates cardiovascular functions via activation of the cardiac receptors and [84-86]
vascular tone, heart rate and blood | stimulation of the central nervous system; (2) Exerts vasodilatory and anti-
pressure mediated through induc- | arrhythmic activities via calcium immobilization, leading to enhanced endothelial
ing components, such as NO, a- NO production; (3) Stimulates AKT expression and phosphorylation of eNOS
adrenoreceptors and atrial natri- through PI3K/AKT pathway during the cardiomyocytes differentiation
uretic peptide
Prolactin Lactation; Prolactin activities are (1) Causes vasoconstriction through the beta2-adrenergic and nitric oxide involved [87-89]
similar to the vasodilatory effects mechanisms; (2) Inhibits IL-1p induced iNOS expression and NO production in
of oxytocin vascular endothelial cells, lowering intracellular calcium mediated eNOS activation
and anti-angiogenic properties
Follicle In post-menopausal women, FSH In the granulose cells, FSH stimulates eNOS mRNA expression and the synthesis of | [90, 91]
stimulating exerts protective effects against BHA4 that is a cofactor for NOS catalytic activity
hormone progression of CAD
Adrenal Responses to stress by increasing (1) Norepinephrine (NE) regulates NO mediated inotropic functions and enhances [92-95]
Hormones heart rate, blood pressure and IL-1beta-induced NO production through MAPK pathway in cardiovascular mus-
oxygen supply to the brain cles; (2) Cortisol induces hypertension by suppression of NOS pathways, especially
L-arginine availability; (3) Treatment with cortisol alleviates cholinergic dilation
triggered by abnormal endothelial NO levels

hormones are water-soluble and act via secondary messen-
gers on the surface of target cells. Thyroid hormones and
catecholamines are derived from amino acid tyrosine, sero-

tonin and melatonin from tryptophan and histamine from
glutamic acid. Thyroid hormones and catecholamines are
discussed in the below sections.
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Thyroid hormones impact structural, electrophysiological
and calcium mediated remodeling of vascular membrane
through direct action on VSMCs [96]. Under precarious
heart conditions thyroid hormone plays cardio-protective
role. For instance, in stress cardiomyopathy thyroid hor-
mones regulate myocardial contractility [62, 97]. Even in
hyperthyroidism, elevated levels of thyroid hormone stimu-
late P-adrenoreceptors via cGMP pathway [63]. Conse-
quently, enhanced levels of NO lower vascular resistance
and prevent atrial arrhythmias by reducing potential repolari-
zation process and effective refractory period [98, 99]. An
enhanced NO production alleviates vascular tone through
renal sodium excretion, maintaining homeostasis and coun-
terbalancing the adverse effects [100, 101].

Between two types of thyroid hormones, T4 (3,5,3',5'-
Tetraiodothyronine) is the major hormone secreted by the
thyroid gland and follicular cells, whereas T3 (Triiodothy-
ronine) is produced by deiodination of T4 by two deiodinase
enzymes [66]. Both T4 and T3 are known to regulate cardio-
vascular systems via NO involved pathways [67]. The car-
diovascular effects of T4 involve AKT signaling pathway
along with phosphorylation of mTOR and eNOS [66]. T4
also induces cardiac hypertrophy by stimulating RNA and
protein synthesis [66]. T3 promotes NO production by
stimulating neuronal NOS (nNOS), iNOS and eNOS expres-
sions in VSMC, leading to enhanced binding to the thyroid
hormone receptors on endothelial cells [70].

Adrenal medulla upon responding to stress releases the
flight hormones (epinephrine and norepinephrine (NE)) that
increase blood pressure, heart rate and oxygen supply to the
brain. In cardiovascular muscles, NE regulates NO mediated
inotropic functions and enhances IL-1beta-induced NO pro-
duction through MAPK pathway [102]. However, the pro-
longed exposure of NE exerts no activities on the L-arginine-
NO production process, rather producing congestive heart
failure in endothelial cells [92].

3.2. Peptide Hormones

Peptide or protein hormones are amino acid derived hor-
mones with the peptide chain ranging from three to several
hundred amino acids. Typically, hormones with hundreds of
amino acids are known as proteins, like insulin secreted from
pancreas and growth hormone secreted from anterior pitui-
tary glands, and that with short amino acid chains are known
as peptides like antidiuretic hormone and oxytocin. Hypo-
thalamus, pituitary glands, adrenal glands, ovaries, pancreas
and adipose tissue secrete peptide hormones. Non-endocrine
tissues like heart tissue and gastrointestinal tissues can also
secrete peptide hormones. Peptide hormones composed of
carbohydrate side chain, are referred to as glycoproteins, like
luteinizing hormone and follicle-stimulating hormone se-
creted by the anterior pituitary. Anterior pituitary glands also
secrete long chain peptide molecule prolactin, and posterior
pituitary glands secrete small peptide hormones like vaso-
pressin and oxytocin.

Insulin is known as a peptide hormone consisted of 51
amino acids. There is a connective peptide named C-peptide
which binds A and B chain in proinsulin that is co-secreted
along with insulin when proinsulin degrades. This induces
endothelial NO release and significantly reduces endothe-

Acharya et al.

lium leukocyte interaction [103]. Insulin defends myocardial
ischemic reperfused (I/R) injury, by inhibiting polymorpho-
nuclear leukocytes (PMNs) adherence and infiltration into
cardiac endothelial cells [71]. Insulin regulates the activities
of several cardiovascular pathogenesis, and cardiovascular
risk markers through endothelial NO synthesis [71]. Some
cardiovascular risk factors like free fatty acids act through
impairing insulin-mediated vasodilation and NO production
[104]. An intensive insulin therapy or glucose-insulin-
potassium (GIK) treatment for diabetes patients leads to NO
up-regulation through AKT phosphorylation of eNOS in a
PI3K dependent mechanism [105, 106], subsequently yield-
ing cardiovascular protection [107].

Vasopressin, an antidiuretic hormone, is a potent vaso-
pressor. In normal healthy adults, vasopressin increases pe-
ripheral vascular resistance, enhancing arterial blood pressure,
forearm vasodilation and digital vasoconstriction. Vasopressin
enhances NO production through promoting iNOS gene
expression in nuclear factor- kappaB (NF-kB) pathway [83],
alleviate coronary vasoconstriction. Based on this unique
combination of properties, vasopressin is used as a cardio-
protector in severe septic shock, ischemia and refractory
heart failure [108-110]. A short-term infusion of vasopressin
as a cardio-protector (i.e., restoring blood pressure) for severe
septic shock improved renal functions [109]. Vasopressin
reperfusion for the treatment of ischemia alleviates coronary
vasoconstriction by reducing NO and prostanoid perform-
ance [108]. A combination of iNOS and vasopressin has
beneficial effects on refractory heart failure, producing sys-
temic vasoconstriction and low heart afterload [110].

Oxytocin mediates NO dependent cardiovascular func-
tions via activation of oxytocin receptors, a-adrenoreceptors
and atrial natriuretic peptide in the heart [84]. It is also in-
volved in maintaining cardiovascular homeostasis through
various NO related mechanisms like phosphorylation of
eNOS through PI3K/AKT pathways [85]. Synthetic oxytocin
like Syntocin exerts vasodilatory and anti-arrhythmic activi-
ties via calcium immobilization, leading to enhanced endo-
thelial NO production. Similar to oxytocin, prolactin causes
vasoconstriction through the beta2-adrenergic and NO in-
volved mechanisms [87]. The N-terminal 16kDa fragment of
prolactin inhibits iNOS expression in vascular endothelial
cells [88], lowering intracellular calcium mediated eNOS
activation and anti-angiogenic properties [89].

The role of follicle stimulating hormone (FSH) in the
regulation of the cardiovascular system is not yet fully eluci-
dated. In post-menopausal women, FSH was reported to ex-
ert protective effects against progression of coronary artery
disease [90]. In the granulose cells, FSH stimulates eNOS
mRNA expression and the synthesis of BH4, which is a co-
factor for NOS catalytic activity [91].

The anterior lobe releases such hormones as Adreno-
corticotropic hormone (ACTH), Growth hormone (GH),
Follicle-stimulating hormone (FSH), Luteinizing hormone
(LH), Thyroid-stimulating hormone (TSH) [61]. The pituitary
gland through interacting with the hypothalamus guarantees
that all body organs properly function and give a signal to
the anterior lobe whether to produce more of a specific
hormone or stop its release [111].
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3.3. Steroid Hormones

Steroid hormones are cholesterol-derived hormones that
are grouped into two classes namely corticosteroids and sex
steroids. The adrenal cortex mainly produces five classes
of steroid hormones: glucocorticoids, mineralocorticoids,
estrogens, progesterone, and androgens.

Estrogen has been long known to impart cardio-protection
in premenopausal women [112]. Estrogen treatment to pa-
tients with impaired vascular performances and atherosclero-
sis reduces norepinephrine-induced vasoconstriction and
promotes endothelin-mediated vasodilation. However, estro-
gen treatment sometimes worsened the symptoms of coro-
nary atherosclerosis and angina pectoris in diabetic post-
menopausal women [113]. Although highly debated to this
day, estrogen therapy in combination with progesterone for
healthy postmenopausal women can alleviate stroke risk
[114, 115] and coronary heart disease [116].

Cortisol is an essential glucocorticoid that regulates and
supports several vital functions of the body. In humans, cor-
tisol induces hypertension by suppressing NOS pathways,
especially L-arginine availability [93]. The treatment of cor-
tisol alleviates cholinergic dilation triggered by abnormal
endothelial NO levels [94].

Aldosterone is the main mineralocorticoid hormone
produced by the adrenal cortex present in the adrenal gland
[117, 118]. Aldosterone binds to and activates the mineralo-
corticoid receptor in a plethora of tissues, and regulates blood
pressure mainly by increasing reabsorption of ions (retain
sodium and release potassium) and increasing water retention
in the kidney [119, 120]. Aldosterone in a dysregulated form
contributes to the development and progression of cardio-
vascular and renal disease [15, 121]. Aldosterone is now
considered as an essential treatment option against heart
failure owing to the opposite function of the atrial natriuretic
hormone, which is secreted by the heart and has important
natriuretic and kaliuretic properties [122].

3.4. Nitric Oxide

Nitric oxide acts as a neurotransmitter and intracellular
messenger to regulate cardiac rhythmicity, growth and con-
tractile performance, by receiving and executing the instruc-
tions from endocrine systems. Although not fully under-
stood, the wide variety of roles and functions of NO, support
NO as a hormone. Hence understanding the molecular
mechanism of NO in cardiovascular cells is imperative to
this review.

Endothelium and endothelial gap junctions are vital to
cardiovascular homeostasis and NO regulate their function at
cellular level. Endothelial dysfunction is characterized by
impaired NO production and low availability in endothelial
cells [123]. A decrease in NO production by reactive oxygen
species (ROS) generally yields deleterious effects on the
vascular system [124]. NO donors stimulate the formation of
gap junctions and modulates gap junction coupling in vein
endothelial cells through protein kinase A (PKA) activation
pathway [19, 125]. Nitrates increase NO bioavailability and
guanylyl cyclases mediated conversion of Guanosine-5’-
trihosphate to cGMP [126]. Enhanced cGMP via PKG), in-
activates myosin light chain kinase, reduces calcium influx
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and dephosphorylates myosin light chain, Myocin-LC-Po4 to
Myocin-LC, causing smooth muscle cells relaxation [127,
128]. Although NO in itself is not a hormone it exerts a di-
rect effect on the secretion of the pituitary hormones, go-
nadotropins and adrenocorticotropic hormone (ACTH), and
at the same time suppresses the release of prolactin (PRL)
from pituitary glands and that it is directly involved in the con-
trol of growth hormone (GH) secretion. However, whether NO
dependent cGMP pathway mediates these hormonal effects,
stimulatory or inhibitory, is yet to be fully understood.

4. DELIVERY ROUTES FOR CARDIOVASCULAR
HORMONE SYSTEMS

The hormone delivery system for the cardiovascular ther-
apy has been defined based on (a) sites of action, (b) sus-
tained/controlled action, (c) application to disease, and (d)
routes of delivery [129]. As shown in Fig. (2), currently
available and potential routes and techniques for the hormo-
nal formulations against cardiovascular diseases have been
reviewed in this section.

Although gigantic progress has been made in the past
decades, most hormone delivery systems currently available
encounter severe shortcoming of being incomplete method-
ology and limited routes for administration (Table 3) [116,
130-163]. The oral route was reported to be associated with a
lower risk of stroke, whereas transdermal route seemed to be
linked to a lower risk of coronary heart disease as compared
with conventional oral regimen. It was also suggested that
transdermal route may have advantages in minimizing the risk
of cardiovascular disease onset associated with hormone ther-

apy.

4.1. Oral Route

Despite numerous advances in the drug delivery systems
in the past few decades, the oral route is the most favorable
choice from all the age groups and has access to the largest
market. The absorption of loaded hormones from the oral
formulations, such as tablets, capsules and drops, is mainly
governed by drug permeation across the epithelial cell mem-
brane in the gastrointestinal tract. The oral delivery of hor-
mones needs to be taken with special dietary regulations,
because food tends to slow gastric emptying and influences
their absorption rates. Nonetheless oral route is also associ-
ated with a lower risk of stroke as compared with other
routes including transdermal route [164].

4.1.1. Tablets

Most hormonal tablets available in the market are for
steroid hormones, such as estrogen, progesterone, testoster-
one and their combinations for contraceptive pills or hor-
mone disease therapy; all of them were explored for their
potential cardiovascular risks. 17B-estradiol showed en-
hanced cardiac hypertrophy, whereas estradiol valerate
showed no associated risks [165, 166]. It is also reported that
the use of combined postmenopausal hormone therapy, such
as estrogen-plus-progestin, lowered the incidence of coro-
nary heart disease among women using these medications
[167]. Besides steroid hormones, levothyroxine is another
hormone marketed as tablets for the treatment of hypothy-
roidism in elderly people [168].
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Fig. (2). Drug delivery of hormone for cardiovascular disease.
4.1.2. Micronized Drug

The micronized particle for delivery of drug has been
introduced to solve the dissolution and bioavailability chal-
lenges. Most hormones are poorly water-soluble which
causes the dissolution and bioavailability issues. The dissolu-

tion rate can be improved via micronization process of spe-
cific hormones.

4.1.2.1. Oral Micronized Hormone Tablets

Oral micronized progesterone tablet in combination with
transdermal estradiol has been used as the preventive strat-

egy against menopause symptoms. This strategy has achieved
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substantial decline in the number of risk factors for cardio-
vascular disease onset and progress by reducing the accumu-
lation of coronary calcium and ceratoid intimal medial thick-
ness [131]. It is also reported that micronized progesterone

and pregrane derivatives are safe from the thrombotic risk
[169].

4.1.2.2. Micronized Hormone ‘in 0il’ Oral Capsule

For improved absorption, formulation of micronized “in
oil” seemed to be more effective than micronized tablet. It
showed that micronized progesterone USP in peanut oil ve-
hicle (Prometrium®) are readily absorbable in the blood
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stream and achieve enhanced progesterone blood serum lev-
els [170].

Table3. Delivery systems for hormones.
Delivery
Systems Target Hormones References
Oral
Tablets Estrogen, progesterone‘:, testosterone, [116, 130]
levothyroxine
Micronized Estrogen, progesterone, HRT [131]
Transmucosal
Sublingual Estrogen [135]
Buccal Tablets Testosterone [136, 137]
Buccal Spray Insulin [138-140]
Transdermal
Gels Testosterone, estrogen, progesterone [141]
Patches Estrogen [142]
Su?;l;tlzr:z;)us Estroge;l, ;)rt)oiie;(t;;(izz,einsulin, [143, 144]
IOISZE}VIZ?C LHRH, Calcitonin [145]
MDST Estradiol [146]
Nefg?;fj:sjet Insulin [147, 148]
Microneedles Parathyroid hormone, hGH [149-151]
Nasal
Intranasal Estrogen [152]
Inhalation Oxytocin, hGH [ 1195’ 41]53’
Pulmonary
Pumonsy | "L st vsopressn | 1557157
Parenteral
Subcutaneous Growth hormone, insulin [158]
Intravenous Estrogen [159]
Intra-arterial Corticotrophin releasing hormone [160]
Intrathecal Estrogen [161]
Intramuscular Testosterone, estrogen, progesterone [160]
Intraperitoneal Thyroid hormone, growth hormone [162, 163]
Vaginal
Vaginal rings Estrogen, HRT [163]
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4.1.3. Capsules

Hormones have been vastly studied in capsules, but a few
hormones like insulin, cortisol, melatonin, and dehydro-
epiandrosterone, were formulated in a form of the capsules,
whose therapeutic potential in cardiovascular application is
yet to be validated [132-134].

4.2. Transmucosal Route

Drug delivery through mucous membrane is one of the
most effective routes for hormones against heart diseases.
The highly vascularized mucosa bypassed the first-pass me-
tabolism occurred in the liver, thus achieving rapid onset of
pharmacological action equivalent to the intravenous route
[171].

4.2.1. Mucoadhesive Sublingual Tablet

Estrogen therapy in post-menopausal women adminis-
tered sublingually exerted some beneficial effects, such as
endothelium dependent vasodilation and the reduced release
of endothelin-1 [135, 172, 173].

4.2.2. Mucoadhesive Buccal Tablets

Within the oral mucosa cavity, the buccal region between
the cheek and gum offers an attractive route of administra-
tion for systemic drug delivery. Testosterone in buccal tab-
lets enhances cardiac output and imparts other therapeutic
benefits in men with chronic heart failure [136, 137]. Among
all the NO donor families, Nitrates are especially formulated
into buccal tablets for the treatment of angina and heart at-
tack.

4.2.3. Buccal Spray

An aerosol spray delivers the drug at the constant dose in
fine particulates or droplets onto the mucosal surface or into
the salivary fluid [138]. Insulin has been a popular candidate
for the spray formulations [139, 140]

4.3. Transdermal Route

Due to a variety of advantages over other delivery routes
and high patient compliance, transdermal systems serve as an
efficient alternative for oral formulations [141]. The trans-
dermal route may have advantages of reducing the adverse
effects associated with long-term oral hormonal therapy and
minimizing the risk of cardiovascular disease onset associ-
ated with hormone therapy [164].

4.3.1. Gels

Transdermal gel containing a combination of progester-
one and estrogen gel demonstrated beneficial effects on
myocardial ischemia in postmenopausal women. Transder-
mally delivered estrogen also reduced the plasma level of
fibrinogen and factor VII, which are known important risk
factors for cardiovascular disease [174]. Transdermal gels
for dihydrotestosterone are effective in reducing side effects
and safer than other androgen replacement therapies from the
perspective of atherogenicity. Testosterone gels were also
effective in reducing body fat and alleviating sexual dysfunc-
tion in both men and women [175, 176].
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4.3.2. Patches

Estrogen patches have similar low adverse effects to the
transdermal gels [142]. Estrogen in a patch formulation ex-
erts cardio-protective activities in post-menopausal women
with type II diabetes [177, 178]. It is also reported that the
supplemental treatment of testosterone at low-doses in a
transdermal patch form reduced exercise-induced myocardial
ischemia in men with chronic stable angina [179], even
though the effects of patches vary with age groups [180,
181].

4.3.3. Subcutaneous Implants

Subcutaneous implants avoid first pass metabolism of the
hormone and subsequently increase bioavailability, alleviat-
ing postmenopausal symptoms and cardiovascular risks
[143]. Estrogen delivered through subcutaneously implant-
able pellets showed neuro-protective effects via ER-f bind-
ing and reduced the risk of coronary artery disease by modu-
lating constrictor responses of atherosclerotic arteries [143,
182]. A combination of progesterone and estrogen in subcu-
taneously implantable pellets further attenuates coronary
artery disease in postmenopausal women. Similarly, insulin
subcutaneous implantation effectively prevents neointimal
formation in both VSMC and endothelial cells [144].

Since implantable pellets require a surgery for implanta-
tion and/or removal, biodegradable microspheres were
widely used for hormones, such as growth hormone and sex
hormones [183]. Prolonged-release properties of micro-
spheres can avoid the frequent drug-intake and improve pa-

tient compliance by maintaining the therapeutic levels in the
body [184].

4.3.4. Iontophoretic Delivery

Iontophoresis used an electrical potential to drive charged
drug molecules into the skin and capillaries [185]. A drug
depot in the skin from iontophoretic delivery of LHRH is
approximately twice as large as the total amount of drug de-
livered systemically. A combination of iontophoresis and
electroporation reduced the lag time of iontophoretic deliv-
ery of salmon calcitonin, achieving greater transdermal per-
meation rate than either one technique alone [145].

4.3.5. Meter Dosed Transdermal Spray (MDST)

MDST has been used to form an invisible drug depot and
deliver adrugto the skin surface. Evamist® is a MTDS
product for estradiol delivery [146] that has achieved the
improved plasma level [186].

4.3.6. Needleless Jet Injectors

Needleless jet injectors take advantages of parenteral and
transdermal drug delivery routes. PowderJect, a best-known
injector utilizing high-pressure helium gas, delivers fine,
solid particles via the stratum corneum [147]. Both preclini-
cal and clinical studies demonstrated that the needleless jet
injection is much easier to handle and bioequivalent in thera-
peutic drug levels to conventional subcutaneous delivery
[148].
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4.3.7. Microneedles

Microneedle patches was developed to produce larger
transport pathways via combining the transdermal patches
with the merit of delivering macromolecules obtained from
hypodermic needle [149, 187-190]. The administration of
hGH via microneedle patches was effective without loss of
functional activity [150]. The combination of microneedles
and iontophoresis for the delivery of hGH was also very ef-
fective [151].

4.4. Nasal Route

In the intranasal delivery system, a drug is delivered
across highly vascularized nasal mucosa into the blood
stream [191]. The major advantages are needle-free applica-
tion mode and the permeable application site in the nasal
cavity that allow a rapid onset of local and systemic drug
actions [192]. The nasal route is rapidly evolving as a cost
effective, patient compliant delivery system for respiratory
drugs and hormones against sinus allergies and lung prob-
lems [152]. Moreover, transmucosal nasal absorption pre-
vents drug from gastrointestinal destruction and avoids he-
patic first-pass metabolism.

4.5. Pulmonary Route

The immense capacity, large surface area, good vascu-
larization and ultra-thinness of the alveolar epithelium are
unique features of pulmonary delivery route that can expe-
dite systemic delivery of various drugs, proteins and peptides
[193]. A number of studies have investigated the pulmonary
delivery of various biologics including insulin and growth
hormone [154].

Inhalable polymeric nanoparticles based drug delivery
system have also been studied for the treatment of tuberculo-
sis and cardiovascular diseases [194, 195] Such approaches
allow the direct delivery of insulin molecule to the blood-
stream without undergoing degradation. A powder aerosol
based on GRAS excipients significantly enhanced the ab-
sorption rate of hGH through the lung mucosa [155]. There
is uncertainty about the effectiveness of the intranasal deliv-
ery of neuropeptides, but a recently study on inhaled vaso-
pressin has shown similar behavioral and physiological ef-
fects to those observed with peripherally injected formula-
tions in rats [156].

4.6. Parenteral Route

Although it is not the most preferred delivery system and
has the risk of bypassing body’s natural defense mechanism,
most hormones can be delivered via parenteral routes.

4.6.1. Subcutaneous

An insulin port serves as a delivery channel for various
pharmaceuticals directly into the subcutaneous compartment.
The syringe needle remains above the skin surface, whereas
the drug is delivered into the subcutaneous region through
the soft cannula [196].

4.6.2. Intravenous

17B-estradiol administered via IV route was efficient in
cardio-protection in menopausal women [158]. An intrave-
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nous (IV) administration of vascular endothelial growth fac-
tor has also demonstrated its beneficial effects on cardio-
myocytes performance and prevention of apoptosis [197].

4.6.3. Jet Injectors

The jet injector uses a narrow high-pressure jet of the
injectable liquid rather than a hypodermic needle to enter the
epidermis. The power of a jet injector comes from com-
pressed gas or air. Insulin is the primary candidate adminis-
tered through jet injecting as an alternative option against
diabetes [198].

4.6.4. Intramuscular

An intramuscular (IM) administration of testosterone
displayed immense beneficial effects on angina pectoris and
atherosclerosis. However, there were some contradictory
outcomes from the cardiovascular system after IM admini-
stration of testosterone, which needs long-term clinical ob-
servation and thorough outcome assessment [199, 200].

5. ADVANCED APPROACHES FOR CARDIOVAS-
CULAR DISEASE DIAGNOSIS AND THERAPY

5.1. Nanotechnology for Hormone Delivery

Nanotechnology has been extensively explored in the
drug delivery field owing to their unique merits, such as con-
trolled release, drug protection, and targeted accessibility to
various tissues, cells and subcellular organelles like nucleus
intended for gene delivery. Numerous hormones, such as
estradiol, testosterone, parathyroid hormone, growth hor-
mone releasing factor, and recombinant hGH (thGH), have
been delivered by devices equipped with nanotechnology.
Nanotechnology based delivery systems include nanoparti-
cles, polymeric hydrogel and lipid based drug delivery sys-
tems (i.e., solid lipid nanoparticles and liposomes) [201].

5.1.1. Nanoparticles

Nanoparticles are mainly intended for administration of
drugs through the parenteral route, but also applied to the
mucosal sites. They have been utilized not only as a protec-
tive carrier for the drug from degradation and extending their
duration in the body, but also explored as a controlled deliv-
ery system with varying release profiles and therapeutic effi-
cacy depending on the biomaterial bases.

The nanoparticles system in which estradiol was incorpo-
rated into PLGA nanoparticles was designed to improve its
oral bioavailability [202]. Besides PLGA, Zn*" dextran is
also used as a base for rhGH-Zn2+-dextran nanoparticles
which are intended for numerous delicate proteins [203].
Other well-known system of nanoparticles against cardio-
vascular disease is silica nanoparticles made from the syn-
thesized N-diazeniumdiolate-modified aminoalkoxysilanes
[204] and intended to deliver Nitric Oxide (NO), producing
c¢GMP and ultimate dilatation of blood vessels [205].

5.1.2. Solid Lipid Nanoparticles (SLN)

SLN is known as a non-toxic colloidal drug carrier pre-
pared with physiological lipid molecules applied as pharma-
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ceutical excipients via solidified emulsion (dispersed phase)
technologies. SLN usually offers a low loading yield owing
to drug exclusion upon polymorphic transition during the
storage process, especially when the lipid matrix is made of
similar molecules [206]. Due to hydrophilic nature, surfac-
tants worked as emulsion stabilizers for most proteins that
are expected to be poorly microencapsulated into the hydro-
phobic matrix of SLN. SNL have been examined for stabil-
ity, the release kinetics and in vivo efficacy of various thera-
peutically effective peptides, model drugs and protein anti-
gens [184].

5.1.3. Liposomes

Liposomes are a particulate carrier system that has been
frequently explored for the local site-specific drug delivery
with controlled release property. Liposomes are made of
phospholipid bilayers isolated by internal aqueous parts
[207]. The major merit of liposomes is the biocompatibility
with the body system, thereby exerting negligible inherent
toxicity [208]. A liposomal carrier prepared by phosphati-
dylethanol was successfully and efficiently developed for
oral delivery of insulin [209].

5.2. Cardiovascular Stent for Hormone Delivery

Stents are one of the fast-growing drug delivery systems
and have been vastly researched for the treatment of heart
diseases including coronary artery diseases [210]. At present,
estrogen is the only hormone formulated and tested to treat
CAD via hormone-eluting stents. 17f-estradiol was success-
fully loaded on the stent surface coating for the prevention of
restenosis through revascularization, re-endothelialization
and inhibition of extracellular-signal-regulated kinase [51]
activation in VSMC [210, 211].

Numerous coating materials and techniques including
nanofibers for hormone-eluting stents have been tested to
achieve the efficient delivery of hormones against cardiovas-
cular diseases [212]. In addition, advanced drug carriers,
such as DNA-based delivery systems and integration of bio-
sensors and drug delivery technologies, can be explored for
an efficient delivery of hormones against cardiovascular dis-
eases [213, 214].

5.3. Hormone Preconditioning for Stem Cell Transplan-
tation

Targeted stem cell therapy is currently one of the most
promising treatment options for acute or chronic myocardial
infarction. Screening/selecting cell types and development of
in vitro cell-culture methodologies to drive stem cell differ-
entiation is crucial to the success of these therapies [215].
Among stem cells, mesenchymal stem cells, adult progenitor
cells, and autologous bone marrow stem cells, are the most
widely used for cardiovascular application [216]. The deliv-
ery of stem cells is performed through intracoronary cell
infusion or direct intra-myocardial cell injection to the in-
farct site [217]. In the last decade, various enhancement
strategies for stem cell therapies have been studied, and aside
from growth factors, hormones are considered as a good
source for stem cell proliferation, maturation, migration and
homing.
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Thyroid hormone, T3, plays a vital role in the overall
heart maturation and development. The levels of T3 decline
in response to various stresses in the human body and are
responsible for fetal cardiomyocytes development and gene
regulation [218]. As T3 supplemented to the cultures of in-
duced pluripotent stem cells and embryonic stem cells
(ESCs) differentiate into mature adult like cardiomyocytes, it
can serve as an excellent candidate for the treatment of myo-
cardial infarction.

Sex steroids facilitate numerous intracellular mechanisms
responsible for heart homeostasis. Estrogen reduces the level
of superoxide and increases anti-apoptotic, anti-inflammatory
and nitric oxide mediated activity, promoting cardiovascular
health in woman. More interestingly, estrogen also exerts
anti-ischemic activity by stimulating endothelial progenitor
cell mobilization and VEGF release from mesenchymal stem
cells [219]. Estrogen via estrogen receptors triggers endothe-
lial progenitor cells proliferation, and migrates to injured
cardiac tissue [220]. Estrogen also stimulated hematopoietic
stem cells, which are a heterogeneous stem cell population
capable of blood, myeloid and lymphoid cells production
[221]. The pretreatment/preconditioning of estrogen and
testosterone in stem cells differentiate into not only cardiac
phenotypes but also sexually dimorphic cells that could hold
the key to gender specific stem cell therapies in the future.

Oxytocin assists proliferation of postpartum alveolar and
myoepithelial cells required for milk production in mothers.
Recent studies have shown that oxytocin is responsible for
P19 embryonic stem cell differentiation into cardiomyocytes.
Oxytocin also induces in-situ differentiation of cardiac pro-
genitor cells into cardiomyocytes in the tissue regeneration
and repair processes [222] through the mechanism which has
been attributed to cardiac gene expression in P19 embryonic
stem cells and cardiac stem cells [214]. Thus, hormone based
stem cell preconditioning could serve as a synergistic
method to enhance tissue specific cell differentiation, reten-
tion and homing in stem cell therapy.

5.4. Hormones in Cardiovascular Disease Diagnosis

Early diagnosis of cardiovascular diseases is a major
clinical challenge. Most patients experience silent symptoms
that are often undiagnosed until severe blockage or pain oc-
curs. Popularly known as a major organ of the circulatory
system, heart also plays a dual role of an endocrine organ.
Heart synthesizes two structurally similar peptide hormones
namely, atrial natriuretic peptide (ANP) and B-type natri-
uretic peptide (BNP). C-type natriuretic peptide (CNP) also
belongs to the family of natriuretic peptide hormones se-
creted from the vascular endothelial layers. Natriuretic pep-
tide hormones bind to specific receptors, called ANP-
receptors (ANP-A and ANP-B) with varying affinities to
regulate ion channels and cGMP dependent PKG pathways.
BNP exists as its precursor in myocytes that is released in
response to pressure overload, to produce active BNP and
inactive NT-proBNP (N-terminal fragment of prohormone).
Although inactive, NT-proBNP is also a marker for cardio-
vascular risk assessment. BNP and NT-proBNP (N-terminal
fragment of prohormone) have longer biological half-life
compared to ANP, and thus they are better biomarkers for
both disease diagnosis and prognosis [223]. Role of BNP as
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a biomarker for various cardiovascular diseases has been
well established clinically [224]. Numerous studies are un-
derway to combine BNP-testing with cardiovascular thera-
pies and disease prognosis systems to develop advanced per-
sonalized treatment strategies with higher chances of sur-
vival [225].

CONCLUSION AND FUTURE PROSPECTS

Once considered to be a last resort, hormone therapies
gradually become a mainstream choice, if still not standard
care option for cardiovascular diseases. The hormone ther-
apy generally functioned as an adjuvant therapy and provides
broad homeopathic remedies that reflect each person's
physiological status to recover balance and alleviate hor-
mone deficiency symptoms. Several factors including the
different formulations, and initiation time and duration pe-
riod of hormone therapy, seem to be associated with various
side effects, especially onset of cardiovascular diseases.
Studies are underway to assess outcomes that hormones de-
livered through various carriers at the early stage of cardio-
vascular diseases have offered greater therapeutic response
and recovering rates.

The combinatory therapy of hormones and endogenous
compounds like nitric oxide (NO) may provide important
insights into efficient treatment strategies against cardiovas-
cular diseases. The future is brightened with the advent of
safer and novel carriers for hormone and NO delivery as well
as learning how to maximize the therapeutic efficacy against
cardiovascular diseases already at our disposal.
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