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Abstract 
 
Until few years ago, the cardiac function was considered to be 

regulated only by hemodynamic parameters, and by the 

sympathetic and parasympathetic nervous systems. On the 

contrary, the recent advances in the knowledge of 

neuroendocrine and neuroimmune interactions achieved by the 

new medical specialization of the Psychoneuro 

endocrinoimmunology (PNEI) have demonstrated that the 

various activities of the heart, including its endocrine function, 

are also under a neuroendocrine and immune regulation, as 

well as on the other side that the heart may influence both 

neuroendocrine and immune cytokine secretions, namely 

through a preferential production of ANP or ET-1. Therefore, 

the possibility to modulate the cardiac functions by acting on 

its neuroendocrine and cytokine-mediated immune regulation, 

may constitute a new therapeutic strategy in the treatment of 

the cardiovascular diseases. 
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Introduction 
 
The heart is physiologically under two different central 

neuroendocrine regulations played by brain opioid system-

hypothalamus-pituitary axis and by the pineal gland through its 

connections with the brain cannabinergic system, which are 

active in stress conditions or in pleasure and spirituality states, 

respectively [1-3]. Moreover, within the pituitary gland, two 

different regulatory mechanisms on the cardiac functions have 

to be identified, consisting of adeno-hypophysis, namely 

involved in the modulation of cardiac tissue growth and 

metabolic functions, and neurohypophysis, which plays a 

fundamental role in the regulation of fluid mass by controlling 

the metabolism of water. Therefore, it is possible to identify the 

existence of a cardiac-neurohypohyseal endocrine axis, which 

is due to the interactions between the two hormones released 

from the neurohypophysis, the antidiuretic hormone (ADH) 

and oxytocin, and the two main endocrine molecules produced 

by the heart, the atrial natriuretic peptide (ANP) and 
endothelin-1 (ET 1), mainly secreted by cardiomiocytes of 

atrial right and by the endocardium endothelium and most 

genera by the overall endothelial cells, respectively [4,5]. 

Moreover, the Neurohypophysis is under a further  

 

 

 

 

 

neuroendocrine regulation, namely exerted by the brain opioid 

and cannabinergic systems and the pineal gland [6-8]. The 

most investigated pineal hormone is the indole melatonin 

(MLT), which presents a physiological light/dark circadian 

rhythm, with a low production during the light period and a 

maximal secretion during the dark phase of the day [9]. MLT 

has been proven to interact with the heart endocrine activity by 

influencing the secretion of both ANP and ET-1 [10]. 
Therefore, heart, neurohypophysis and pineal gland would 

constitute a fundamental functional axis in the control of fluid 

mass and water metabolism. Then, the investigation of heart-

neurohypophysis and heart-pineal relationships in a separate 

way does not permit to completely understand the physiology 

of the neuroendocrine regulation of heart endocrine activity. 

Moreover, in addition to the well documented neuroendocrine 

regulation, the cardiac endocrine and metabolic functions have 

been seen to be also under an immune cytokine regulation [11], 

as confirmed by the evidence of cardiac receptors for 

cytokines, namely for the inflammatory cytokines IL-6 and 

TNF-alpha, whose secretion is stimulated by ET-1 [5] and 

inhibited by ANP [4]. More in detail, both TNF-alpha and IL-

6, as well as IL-17 and IL-18 have appeared to reduce the 

cardiac miocyte contractility, and activate heart tissue 

remodelling. At the end stages of heart failure, the 

inflammatory cytokines have been proven to be directly 
produced by the same miocardial cells. Therefore, heart failure 

progression would not depend only on mechanicistic 

hemodynamic variables, but also on the biological response in 

terms of both neuroendocrine and immune cytokine behaviour. 

Then, because of the detrimental effects of the inflammatory 

cytokine on cardiac function, the control of cytokine secretions 

would play a fundamental role in counteracting the evolution of 

the various cardiovascular diseases. 

 

Heart-Neurohypophysis Interactions 

 
Irrespectively of the degree of heart failure, the 

neurohypophyseal response in terms of ADH secretion may be 

inadequate and excessive with respect to the status of the 
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cardiac function and allows an exaggerated fluid retention as a 

consequence of a possible altered neuroendocrine regulation of 

the neurohypophyseal activity and endocrine cardiac profile. In 

addition to its stimulatory effect on the activation of the renin-

angiotensin II-aldosteron system (RAA), ADH has been proven 

to stimulate ET-1 secretion, which also stimulates ADH 

secretion [12]. On the contrary, oxytocin stimulates ANP 

secretion and is stimulated by ANP [13,14]. Therefore, heart 

and neurohypophysis would be connected by two positive feed-

back systems, represented by ANP-oxytocin and ET-1-ADH 
axis systems. The relation between these two endocrine circuits 

is founded on a negative feed-back mechanism, since ANP has 

been proven to inhibit ET-1 secretion, whereas ET-1 may 

stimulate ANP release [4,5,14]. ET-1 secretion and activity 

may be also inhibited by estrogens [15] and by anti-

phosphodiesterase (PDE), because of the stimulatory action of 

PDE agents on ET-1 secretion [16,17]. Finally, the 

neurohypophyseal activity is under a regulatory control played 

by suprahypothalamic brain areas with several and complex 

neuronal interactions, with, however, two fundamental brain 

interneuronal systems, consisting of brain opioid and 

cannabinoid systems. ADH secretion is stimulated by the mu-

opiod agonists [18] and inhibited by the cannabinoids [19]. 

Since brain opioid system is active in stress conditions and in 

depression [6], stress-and depression-induced changes in body 

weight due to fluid retention could depend on alterations in 

brain neuroendocrine control of ADH secretion. 

 

Heart-Pineal Gland Interactions 
 
Heart secretion of ANP is connected with the pineal gland by a 

reciprocal stimulatory relation, since ANP has been proven to 

stimulate MLT secretion from the pineal gland [20], and in a 

reciprocal manner MLT may promote ANP secretion by the 
cardiac miocytes [10]. MLT has also been proven to inhibit 

ET-1 secretion [10]. Then, the pineal gland and the heart would 

be linked by two types of feed-back mechanisms, a positive 

feed-back mechanism between MLT and ANP and a negative 

feed-back circuit between MLT and ET-1. On the contrary, 

most controversial are the results concerning the relation 

between pineal gland and neurohypophysis. However, ADH 

would seem to stimulate MLT secretion [21,22], while MLT 

would exert a prevalent inhibitory action on ADH secretion, 

according to a negative feed back mechanism. The relations 

occurring among heart, pineal gland and neurohypophysis are 

illustrated in Figure 1. 

 

Heart Endocrine Activity and Cardiovascular 

Diseases 
 
ET-1 blood concentrations have appeared to be abnormally 

high in most cardiovascular diseases, including hypertension, 

pulmonary hypertension, myocardial infarction and 

atherosclerosis. Moreover, in particular the progressive 

increase in ET-1 blood levels would constitute one of the most 

adequate clinical parameters to monitor the evolution into heart 

failure. Because of its vasoconstrictor effect and its capacity of 

inducing endothelial damages and cardiac hypertrophy, ET-1 
would be involved in the pathogenesis of most cardiovascular 

diseases, including hypertension, heart failure and cardiac 

ischemic diseases [23]. In particular, the evidence of 

abnormally high levels of ET-1 has appeared to be associated 

with a worse prognosis in the miocardial infarction [23]. This 

would depend on the fact that ET-1-induced stimulation of 

inflammatory cytokines would further enhance miocardial 

tissue ischemic damage. Therefore, because of the pathogenetic 

role of ET-1, each condition which allows an enhanced ET-1 

secretion has to be considered as a risk factor for the 

cardiovascular diseases and their severity. In particular, an 
enhanced brain opioid system activity, as well as in stress 

conditions or in depression [6], or a deficiency in the pineal 

gland may allow to an enhanced secretion of ET-1. These 

findings could explain the more severity of heart failure in 

depressed patients and the relation between cardiac ischemic 

disease and reduced pineal endocrine function [24,25]. On the 

contrary, in experimental conditions it has been demonstrated 

that MLT therapy may reduced tissue damage induced by the 

miocardial infarction [10], and this effect would be due at least 

in part to MLT-induced stimulation of ANP secretion. ADH 

and ANP blood levels have also appeared to be high in heart 

failure, with, however, different clinical significance, since the 

high levels of both ET-1 and ADH would be responsible for the 

progression of disease, whereas the enhanced ANP secretion 

would be the expression of a compensatory mechanism to 

counteract ADH-induced fluid retention and ET-1- induced 

endothelial damage. By summarizing, the prognosis of the 
myocardial infarction has been proven to be worse in the 

presence of abnormally high levels of ET-1, IL-6, TNF-alpha, 

IL-17, IL-6 [26] and low concentrations of ANP and MLT. 

ANP-to-ET-1 ratio could constitute a simple clinical index to 

evaluating the interactions occurring between ANP and ET-1 

secretion by the heart, which would influence the prognosis of 

the cardiovascular diseases, because of the detrimental activity 

of ET-1 and the biological benefits determined by ANP. In 

addition to its vascular and diuretic effects, ANP may also play 

metabolic and immune effects [4], namely consisting of the 

inhibition of leptin release from adipocytes [27] and the 

macrophage secretion of inflammatory cytokines, including 

TNF-alpha and IL-6 [24]. The evidence of high blood levels of 

ANP has been shown to be associated with a better prognosis 

in both septic shock and miocardial infarction, and this finding 

would depend at least in part on ANP-induced prevention of a 

possible exaggerated production of inflammatory cytokines, 
which may further amplify both sepsis-related vasodilatation 

and the ischemic tissue damage [26]. Finally ANP plays also 

an anti-arrhythmic activity and atrial fibrillation would be due 

at least in part to an ANP deficiency [4]. 

 

Neuroendocrine Therapy of Heart Function 

 
Since it has been well documented that the clinical history of 

cardiac ischemic disease, heart failure and most cardiovascular 

pathologies may depend also on the biological 

immunoinflammatory response of patients, mainly consisting 

of monocyte- and macrophage-induced production of 

inflammatory cytokines [26,28], a neuroendocrine strategy 

performed to control the cytokine network and the endocrine 

activity of the heart, could represent a new possible way in the 
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treatment of the cardiovascular diseases. In more detail, there 

are two fundamental monocyte subsets depending on the 

expression of the only CD14 or both CD14 and CD16 markers. 

CD16 negative monocytes would exert a pro-inflammatory 

activity, whereas CD16-positive monocytes have appeared to 

play anti-inflammatory and immunosuppressive effects. The 

macrophage-mediated secretion of inflammatory cytokines, 

including IL-6 and TNF-alpha, is stimulated by ET-1 [5] and 

inhibited by ANP [4]. ET-1 would stimulate the macrophage 

system and inhibit T lymphocyte system, whereas in contrast 
ANP would stimulate T cell differentiation and proliferation 

and inhibit the macrophage functions. Then, ANP analogues 

could be therapeutically employed to regulate both cardiac 

function and immune cytokine network, as a neuroendocrine 

and immune modulating molecule. MLT could also 

successfully be used to stimulate ANP and inhibit ET-1 

secretions [10]. Finally, cannabinoids agonists may be 

employed to inhibit IL-17 secretion from TH17 lymphocytes 

[29], which may also negatively influence the cardiac function, 

as well as to counteract the atherosclerotic progression [30]. 

 

Conclusions 
 
The possibility to influence the neurohypophyseal activity by a 

neuroendocrine approach may allow to a better control of heart 

failure-related fluid retention, as well as the same cardiac 

ischemic disease because of the stimulatory role of ADH on 

ET-I secretion, which would constitute the main agent 

responsible for both cardiac ischemia and cardiac hypertrophy. 

Then, the future of Cardiology could substantially consist of 
the neuroendocrine modulation of the mechanisms involved in 

the control of heart endocrine functionless by acting on the 

main hormones involved in the control of fluid mass and water 

metabolism, including ANP, ET-1 and ADH, which have been 

proven to also exert immunomodulatory effect [4,5,29]. 

 

 

 

Figure 1: Neuroendocrine regulation of heart endocrine 

activity 
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