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Background: Humoral systems play an important role in the patophysiology and development of chronic heart 
failure (CHF). 

Methods: We conducted a search of neurohumoral activation in heart failure and its risk in the development of 
CHF.

Results and conclusion: Neurohumoral factors may be divided into vasoconstrictive, vasodilative and cytokines. The 
main vasoconstrictive systems are the renin-angiotensin-aldosterone system (RAAS) and the sympathoadrenal system 
(SAS). Cytokines include tumour necrosis factor (TNF) alpha and interleukins. The systems of actions are intercon-
nected and they mutually infl uence their secretion and activities. The possibilities of their detection and assessment 
for clinical purposes depend on their changes and kinetics in the organism and on the activity of individual metabo-
lites. Apart from their vasoactive eff ects, the majority of humoral actions also interfere in the process of remodelling, 
function of the endothelium, blood elements, cardiomyocytes, cells of the smooth muscles, and in immunity as well 
as infl ammatory processes. The rapid development of knowledge on the humoral actions in recent years has made 
possible their utilisation in diagnostics, treatment and prognosis. 

Chronic heart failure (CHF) is a term for a syndrome 
caused by disease of the heart muscle or by extracardiac 
infl uences which impair the work of the heart as a pump. 
Heart failure is defi ned as a defect in cardiac function 
when, despite suffi  cient fi lling of the chambers, cardiac 
output decreases and the heart is not able to maintain the 
metabolic needs of tissues, whilst activation of neurohu-
moral substances, apoptosis and adaptive changes of the 
myocardium at the molecular level develop.

Neurohumoral systems help to maintain circulatory 
homeostasis by increasing inotropy and chronotropy of 
the failing myocardium and by modulating vascular reac-
tion. Vascular tension is thus regulated by mediators which 
either dilate or contract blood vessels in various parts of 
the organism in order to ensure blood fl ow through ac-
tive organs (metabolic vasodilatation) while maintaining 
adequate perfusive pressure by vasoconstriction1. 

According to their fi nal eff ects, humoral substances 
may be divided into
a) vasoconstrictive
b) vasodilative
c) cytokines

Vasoconstrictive hormones have also antinatriuretic 
and antidiuretic eff ects, and they generally support cell 
proliferation. On the other hand the dilative substances 
are natriuretic and diuretic and they have antimitogenic 
eff ects. Despite activation of dilative mechanisms, systems 
leading to vasoconstriction and retention of fl uids and 
salts are dominant2. (Table 1)

A) VASOCONSTRICTIVE MECHANISMS

1. Sympathoadrenal system (SAS)
Decrease in activity of mechanoreceptors in the carot-

ic sinus and aortic arch, caused by a blood pressure drop, 
results in the release of catecholamines into the blood-
stream: noradrenaline is released from nerve endings and 
adrenaline from adrenal glands. The positively chrono-
tropic eff ect of the catecholamines increases heart rate 
and their positively inotropic eff ect increases the power 
and speed of myocardial contraction. Vasoconstriction 
of the systemic blood vessels, renal blood vessels and 
the splanchnic and skin veins caused by noradrenaline 
increases afterload and preload. 

Table 1. Vasoconstrictive and vasodilative substances

Vasoconstrictors Vasodilators

Adrenalin
Noradrenalin
Angiotenzin II
Aldosterone
Vazopresin
Endothelin 1 
(Big endothelin)
Prostaglandin F2
Neuropeptide Y
Thromboxan A2

Prostaglandin E2,I2
Dopamine
Natriuretic peptides (ANP, BNP)
Endotel dependent relaxation. 
factor (EDRF)
Adrenomedullin
Kallikrein-kinin system
Adenosine
Vasoactive intestinal peptide
Calcitonin gene- related peptide
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2. Renin-angiotensin-aldosterone system (RAAS)
Renin is activated by a decrease in perfusive pressure 

and fl ow in the kidneys, a decrease in the concentration of 
sodium in the macula densa, intensive diuretic treatment 
and some vasodilatant drugs (hydralazine, prazosin, cal-
cium antagonists), prostaglandins, increased sympathetic 
tonus and vasopressin. These infl uences increase the se-
cretion of proteolytic renin enzyme from juxtaglomeru-
lar cells. Renin cleaves alphaglobulin angiotensinogen 
into decapeptide angiotensin I. After the clevage of two 
amino-acids by an angiotensin-converting enzyme (ACE), 
octapeptide angiotensin II (A II) is formed from decapep-
tide angiotensin I3.

As it is diffi  cult to measure angiotensin II, measuring 
plasma renin activity (PRA) is used as the index of RAAS 
activity. PRA is increased in patients with manifest heart 
failure and it rises progressively during decompensation. 

The eff ect of angiotensin II is direct peripheral vaso-
constriction and further stimulation of the sympathetic 
system. It also stimulates the adrenal cortex to secrete 
aldosterone, stimulates the production of arginine va-
sopressin, causes hypertrophy of the myocardium and 
vascular wall (remodelling) and increases the volume 
of collagen in the myocardium and vascular wall. The 
eff ect of aldosterone is retention of sodium and excre-
tion of potassium. In addition to an increased volume of 
circulating fl uids, this results in greater vascular turgor, 
caused by the retention of water and sodium in the vas-
cular wall. Aldosterone also activates fi broblasts in the 
myocardium to form collagen in greater amounts, in a 
way similar to A II. The RAAS is far more complex than 
originally supposed. Not only does it function as a circula-
tory endocrine system, but also as a local tissue system. 
The individual components are formed and are present in 
various tissues in which they also act. This characteristic 
is termed ‘autocrine’ or ‘paracrine’ and it complements 
the endocrine eff ect of the RAAS. The renin-angiotensin 
system as a whole participates in acute regulation of blood 
circulation, while tissue RAAS aff ects cardiovascular func-
tion and structure in the long term. Angiotesin II, released 
locally, is eff ective independently of the level of plasma 
renin activity4.

Angiotesin II operates particularly via receptor 1 
which mediates eff ects such as vasoconstriction, hypertro-
phy of myocytes and vascular musculature, stimulation of 
sympathetic activity and oxygen radicals, and an increased 
level of inhibitor of plasminogen activator. By contrast, 
receptor 2 mediates antiproliferative eff ects and regulates 
cell diff erentiation and tissue repair. Stimulation of recep-
tor 2 may infl uence the adverse eff ect on the remodelling 
mediated by receptor 1. Besides angiotensin II, other end 
products are known whose clinical signifi cance, however, 
has not been precisely determined as yet1.

3. Arginine vasopressin (AVP)
The secretion of arginine vasopressin is stimulated by 

higher osmolarity of blood. In heart failure, however, the 
release of vasopressin is increased by stimulating barore-
ceptors in the chambers via vagal afferent fibres and 
brain stem. In addition to vasoconstriction, vasopressin 

increases the eff ect of noradrenaline and angiotensin II: 
its main role is retention of water at the level of the distal 
tubule and the collecting tubules. Constriction of smooth 
muscle fi bres is another eff ect of vasopressin. In heart 
failure, AVP may contribute to diluting hypoanatremia 
and thus to a poor patient prognosis. AVP acts through 
two types of receptors: vasoconstriction is eff ected via 
the V1 receptor, whereas resorption of water via the renal 
tubular (V2) receptor4.

4. Endothelin
Endothelin is an arterial and venous constrictor that 

is abundantly present in human tissues. Binding sites have 
been found in blood vessels, heart and kidneys. There 
are several types of peptides that are found in at least 
four isoforms (ET1, ET2, ET3 and a vasoactive intestinal 
contractor)5.

The main cardiovascular endothelin is ET-1, ET-2 is 
produced mostly in the kidneys and the intestine, less in 
the myocardium, placenta and uterus, whilst ET-3 has 
been found in a greater concentration in the brain6.

Each kind of endothelin is a product of a separate 
gene which encodes the formation of a precursory pro-
tein – preproendothelin – which is further cleaved into 
proendothelin (‘big endothelin’) and still further, by 
the endothelin-converting enzyme (ECE), into the fi nal 
product: endothelin. Similarly to RAAS, non-ECE ways 
of endothelin-1 formation also exist; these are likely to be 
similar to non-ACE ways. The formation of endothelin-1 
is assisted by various factors, such as pressure and volume 
overload, epinephrine, angiotensin II, stress, hypoxia, en-
dotoxin, cytokines, interleukins, thrombin and activated 
platelets.

On the other hand, the production of endothelin-1 
is inhibited by endothel-dependent relaxation factor 
(EDRF), atrial natriuretic peptide (ANP) and prostag-
landin I2 (PGI2) (ref.7).

Paracrine excretion of endothelin is predominant; it 
is released more to the adjacent cell than into the vas-
cular lumen. Big endothelin, ET-1 and ET-3 are present 
in blood, but their concentration is low and represents 
around 25–30 % of ET formed by endothelial cells. Of this 
quantity, the largest part is represented by big endothe-
lin (65 %), endothelin-1 (25 %) and fi nally endothelin-3 
(10 %).

The biological eff ects of endothelin are:
a)  Cardiovascular: vasoconstriction, positively inotropic 

eff ect, refl exive bradycardia
b)  Renal: an inrease in renal arterial resistance, a decrease 

in glomerular fi ltration, mesangial hypertrophy
c) Pulmonary: bronchoconstriction
d)  Neuroendocrine: an increase in ANP, prostaglandins, 

renin, aldosterone, arginine-vasopressin
e)  Growth: strong mitogen for smooth muscle cells, car-

diocytes and fi broblasts 
Endothelin is eff ective through receptor A (ET A) 

which is vasoconstrictive and causes hypertrophy and 
cell proliferation, whereas ET B has a vasodilatative ef-
fect. ET A receptor is found in smooth muscle cells and 
stimulation leads to constriction. Receptor ET B has a 
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dual activity: on the endothelial cell it leads to release 
of NO and prostaglandin I2 and thus to vasodilatation, 
while in the muscle cell it causes vasoconstriction, too6. 
Receptors A have roughly 10 times higher affi  nity for ET-
1 than ET-3, whereas receptors of the B type bind ET-1 
and ET-3 with the same affi  nity. Systemic administration 
of endothelin results in short-term vasodilatation at fi rst, 
which is caused by the release of vasodilatative substances 
PG12 and EDRF, and only after that long-term vasocon-
striction occurs1.

Endothelin is also an important prognostic indicator 
of chronic heart failure and endothelin levels have been 
shown to correlate with degree of heart failure and also 
with degree of pulmonary hypertension8.

Big endothelin, which is the precursor of endothelin, 
may better refl ect overproduction of this substance than 
the circulating endothelin itself which is rapidly cleaved 
and may not reach the pulmonary circulation. In some 
studies, big endothelin correlated better with haemody-
namic parameters in right-heart catheterisation and echo 
parameters than endothelin9, 10 and it also correlated bet-
ter with the functional NYHA class and long-term prog-
nosis of patients with chronic heart failure9.

5. Neuropeptide Y (NPY)
Neuropeptide Y was originally isolated from pig brain. 

Neuropeptide Y is localised together with norepinephrine 
in sympathetic ganglia and fi bres that innervate arterioles, 
veins and heart. It is a powerful vasoconstrictor, it also 
has vagolytic activity and it decreases cardiac contract-
ibility11.

6. Thromboxane A2 (TXA 2)
Thromboxane A2 is produced in renal glomerules and 

causes aggregation of thrombocytes and vasoconstriction 
(including renal blood vessels) and thus it decreases re-
nal fl ow and glomerular fi ltration. Its increase has been 
described in patients with severe heart failure NYHA IV 
as opposed to patients in NYHA I . Thromboxane A2 is 
excreted into urine as thromboxane B2 (TXB2), there-
fore its production is measured by means of TXB2 renal 
excretion12.

B) VASODILATIVE MECHANISMS

Vasodilative mechanisms are activated in heart failure 
as well, but their overall eff ect is weakened by vasocon-
striction and also by lower reactivity of the vascular wall 
which has a decreased elasticity due to increased content 
of nitrogen and water.

1. Prostaglandins (E2, I2)
Prostaglandins are produced in renal arterioles, 

glomerules and some parts of renal tubules. Production is 
increased in hypoperfusion of the kidneys together with A 
II, and their main role is the dilatation of the vas aff erens, 
by which they increase the fl ow through glomerular blood 
vessels and support the sodium excretion4. Prostaglandins 
also directly inhibit the transport of sodium in cortical tu-
bules and in medullary collecting tubules. The excretion of 
prostaglandins is infl uenced by production of angiotensin 
II, noradrenalin and arginine-vasopressin. On the other 
hand, prostaglandins support ANP excretion. In chronic 
heart failure, renal homeostasis is dependent on them.

2. Dopamine
Dopamine stimulates receptors D1 and D2 (dopamin-

ergic), localised postsynaptically in renal, mesenteric, cor-
onary and brain blood vessels. Activation of D1 receptors 
increases blood supply of the kidneys, activation of D2 
receptors prevents further release of catecholamines into 
the synaptic fi ssure.

3. Natriuretic peptides

Atrial natriuretic peptide
Natriuretic peptide is secreted from the atria of the 

heart when the pressure in the right atrium increases in 
hypervolaemia. ANP is a C-residual peptide derived from 
the 126 aminoacidic pro-ANP precursor that is stored in 
secretory granules. The remainder of pro-ANP after cleav-
age of ANP proper is known as N-terminal ANP fragment 
(N-ANP). N-ANP is removed much more slowly and thus 
remains in the circulation in a much higher concentra-
tion than the actual ANP. The concentration of N-ANP 
is increased in NYHA I patients and in asymptomatic ven-
tricular dysfunction and it has been a much more sensitive 
marker of the disorder than ANP itself13. The reason may 
be better detection of N-ANP, as it has a greater molecular 

Table 2. Eff ects of Natriuretic Peptides

KIDNEYS BLOOD VESSELS HEART NEUROHUMORAL SYSTEM

Increase in GF

Decrease in sodium 
reabsorption

arteriodilatation

venodilatation

antiproliferation

lusiotropic eff ect

antifi brotic eff ect

antiproliferation

increase in vagal tone

decrease in sympathetic activity

decrease in renin activity

decrease in aldosterone excretion
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stability and longer plasma half-life in comparison with 
ANP. The eff ects of ANP lie in relaxation of vascular 
vasoconstriction, a decrease in fi lling pressure, increased 
sodium secretion by the kidneys, inhibition of renin and 
aldosterone secretion and a decrease in vasopressin pro-
duction.

Brain natriuretic peptide (BNP)
Brain natriuretic peptide was discovered in the pig 

brain – hence its name – but in humans it is almost exclu-
sively excreted from the heart, especially from the ventri-
cles14. Its eff ects are similar to ANP, therefore these two 
peptides function as a dual cardiac natriuretic peptide 
system. (Table 2) Increased BNP levels are used to screen 
for heart failure15 and they correlate well with the severity 
of the left ventricle function16.

An increase in the level of ANP as well as BNP has 
also been documented in patients with severe heart failure 
and normal systolic function, which could point to the 
fact that the diastolic dysfunction itself is suffi  cient for 
the activation of natriuretic peptides17.

Central nervous system natriuretic peptide (CNP)
CNP is primarily present in the CNS rather than in 

the heart. It is eff ective above all in the brain where it 
acts vasodilatatively. In heart failure, its levels are not in-
creased18.

For the binding of natriuretic peptides, there exist 
three forms of receptors that diff er in affi  nity to indi-
vidual peptides. Receptor A (NPR-A) has greater affi  n-
ity for ANP and BNP, whereas NPR-B is more specifi c 
for CNP. The third receptor, NPR-C, serves more for the 
clearance of peptides16, 19. Since it was discovered in the 
pig brain, CNP and its receptor NPR-B have been identi-
fi ed in various human tissues such as the central nervous 
system, renal tubular cells and vascular endothelial cells. 
The discovery of CNP in endothelial cells is of particular 
interest, as NPR-B is found in high concentrations in the 
adjacent smooth muscle cells. This leads to the hypothesis 
that CNP may be eff ective locally in the vascular wall18. 
The determination of CNP levels is limited by its very 
short biological half-life: 2.6 minutes. In heart failure, 
the plasma level of CNP shows no increase. However, 
increased production has been described in the tissue of 
myocardium. This could again support the fact that for 
pathological conditions, local tissue concentrations of 
CNP are more important. The in vitro eff ect of CNP is 
above all vasodilatative: more on the veins than on the ar-
teries, it also inhibits smooth muscle cell proliferation.

Natriuretic peptides as heart biomarkers
For clinical practice, it has been proven that BNP 

and NT-proBNP levels are more accurate. They refl ect 
disease severity and patient prognosis better than ANP. 
Determination of NT-proBNP levels is diagnostically 
more useful as it has longer biological half-life than the 
BNP level itself15, 19.

Determination of the ANP level does not appear to 
have any advantage, as ANP is quickly released from the 

cytoplasm, and a very short biological half-life of 30–
300 s. BNP, on the other hand, is continuously released, 
shows a signifi cant increase in de novo synthesis, a longer 
biological half-life and a better stability in the circulation 
than ANP, and it is produced by a greater mass of car-
diomyocytes. 

In acute as well as chronic heart failure, BNP secretion 
is increased. The levels of BNP and NT-proBNP may be 
determined from the plasma. In comparison with NT-
proBNP, BNP has a shorter half-life, is not dependent on 
age and is excreted by means of specifi c receptors. NT-
proBNP has a longer half-life, is dependent on age and is 
excreted by the kidneys20, 21. There exists a high correlation 
between the levels of BNP and NT-proBNP, r < 0.93.

On the basis of proven data, determination of BNP 
levels has become part of the algorithm used in the di-
agnostics of heart failure and has been included in the 
Guidelines of the European Society of Cardiology22, 23. 

Heart failure
The diagnostics of impaired function of the left ven-

tricle, particularly in the early stages of heart failure and 
in patients with few symptoms, is diffi  cult. BNP sensitiv-
ity is 90 % and specifi city 76 %. In a study of the BNP 
(Breathing Not Properly), 1,586 patients were examined 
for dyspnoea on emergency admission. The highest plas-
ma concentrations of BNP were found in patients suf-
fering from dyspnoea caused by heart failure, medium 
concentrations were found in patients with non-cardiac 
dyspnoea and a history of left ventricle dysfunction, and 
the lowest concentrations were found in patients with-
out heart failure or left ventricle function disorder signs. 
Increased concentrations of BNP were found in NYHA 
III and IV classes as compared to NYHA I and II. The 
value of BNP, when lower than 100 pg/ml, ruled out heart 
failure; values between 100 and 500 pg/ml did not exclude 
heart failure, and a value of over 500 pg/ml detected fail-
ure with 95 % probability24.

The values suggested as the norms for NT-proBNP 
levels are based on the PRIDE study25. 

This study included patients from the PRIDE study 
in the USA, and also patients from Spain, New Zealand 
and the Netherlands. The objective was to determine 
standards of NT-proBNP values for a large international 
population of patients with dyspnoea. Prospective data 
from four centres on three continents were dealt with in 
the study. 

1,256 patients suff ering from dyspnoea were included 
in the study. Optimal limits for diagnosis and prognosis 
were sought through ROC analysis. 720 patients (57.3 %) 
had acute heart failure, 60 % of these had newly developed 
acute heart failure and 40 % had a decompensation of 
former heart failure. The median NT-proBNP levels in 
patients with acute heart failure was 5669 vs 177 pg/ml, 
in those without, (p < 0.001). NT-proBNP correlated with 
the severity of the symptoms, (p < 0.008).

Values under 300 pg/ml excluded acute heart failure, 
values from 300 to 1,800 pg/ml assessed acute heart fail-
ure as possible and values over 1,800 pg/ml confi rmed 
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acute heart failure. The threshold value of NT-proBNP 
level for acute heart failure, irrespective of age, was 300 
pg/ml, with 98 % negative predictive value.

With regard to age, the following values which identi-
fi ed acute heart failure were calculated: in patients under 
50 of age 450 pg/ml, in patients between 50 and 75 years 
of age 900 pg/ml, and in those over 75 years of age 1,800 
pg/ml with a sensitivity of 92 % and specifi city of 84 %. 
The division according to sex meant no improvement ei-
ther in sensitivity or specifi city25.

When chronic heart failure is suspected, 125 pg/ml is 
considered to be the NT-proBNP level threshold value; 
this value is more than 450 pg/ml in patients over 75 
years of age23, 30.

Increased levels of NT-proBNP were the most promi-
nent independent predictor of congestive heart failure, 
(p < 0.00001), irrespective of renal function. The level 
of NT-proBNP was also the most prominent indicator of 
death within 60 days, (p < 0.0006).

The FINN-AKVA study tried to determine which of 
the succession of NT-proBNP levels from admission to 
hospital to four weeks after discharge was the most im-
portant for patient prognosis. Lower values of the NT-
proBNP level were found in each period.in survivors than 
in those who died. A relative decrease in NT-proBNP level 
was more pronounced in survivors. The most signifi cant 
change for six-month prognosis was a decrease in NT-
proBNP level between the fi rst and second day by more 
than 50 % (ref.26).

In a similar way, the signifi cance of short-term moni-
toring of NT-proBNP levels for patients’ prognosis was 
the topic of Dr Bettencourt’s work27. 

182 patients, monitored for six months, were included 
in the study. The primary goal was rehospitalisation or 
death. 26 patients died in the hospital. The NT-proBNP 
levels median on admission was 6,778 pg/ml and on dis-
charge it was 4,137 pg/ml, p < 0.001. The patients were 
divided into three groups:
1. a decrease in the NT-proBNP level by at least 30 %, 

n = 82
2. no change in the level, n = 49
3. an increase in NT-proBNP level by at least 30 %, 

n = 25
The primary objective was achieved in 42.9 % of pa-

tients. Parameters associated with the risk of death and/or 
rehospitalisation according to univariant analysis were 
as follows: length of hospitalisation, pulse rate, signs 
of volume overload, non-use of ACE inhibitors, NYHA 
class when admitted, level of NT-proBNP on admission 
and on discharge, and change in level of NT-proBNP. 
Independent parameters associated with risk of rehos-
pitalisation or death were volume overload and change 
in the NT-proBNP level. These results show that both a 
change in the level of NT-proBNP during hospitalisation 
and NT-proBNP values before discharge were predictors 
of rehospitalisation or death from heart failure in patients 
in the six months following discharge27.

Thus, measuring NT-proBNP levels could help in 
deciding when to discharge the patient and whether the 
treatment for heart failure should be intensifi ed17, 19.

Asymptomatic impairment of systolic function of the left 
ventricle

The determination of plasma concentrations is less 
precise in this case since the patients’ levels of NYHA I 
and II overlap15, 16, 25.

Diastolic dysfunction
The plasma concentration of BNP is increased in 

patients with diastolic failure, older patients with heart 
failure with preserved systolic function, hypertonic pa-
tients, aortic stenosis, and hypertrophic or restrictive 
cardiomyopathy. However, concentrations of BNP are 
higher in patients with systolic dysfunction than in those 
with isolated diastolic dysfunction and they are highest in 
patients with combined systolic and diastolic dysfunction. 
In patients with preserved systolic function, the level of 
BNP correlates with severity of diastolic dysfunction. It 
gradually increases in cases of impaired relaxation and it 
is the highest in patients with restrictive fi lling of the left 
ventricle16, 28.

Right heart failure
The increase in levels of BNP in right ventricle disor-

ders or in conditions that lead to the impairment of the 
right ventricle is not as straightforward as that in left heart 
failure, but the levels may be increased in pulmonary em-
bolism. Higher levels of BNP have been found in patients 
with simultaneous left and right ventricle dysfunction 
than in patients with left ventricle dysfunction29.

BNP as prognostic indicator
Patients with heart failure and high plasma concen-

trations of BNP have higher cardiovascular and general 
mortality irrespective of age, functional NYHA classifi ca-
tion, previous myocardial infarctions, ejection fraction, 
and maximum oxygen consumption. An increase in BNP 
is also a predictive factor of sudden death or necessity for 
heart transplantation19.

In patients with acute heart failure, BNP is an inde-
pendent predictor of cardiovascular mortality, and it is 
also a prognostic indicator of subsequent clinical develop-
ment in patients hospitalised with decompensated heart 
failure. Measuring of BNP levels before discharge may 
help to identify patients with a low risk of rehospitalisa-
tion in the course of the following month28. 

Median of NT-proBNP levels was a predictor of mor-
tality in major pharmacological studies of patients with 
heart failure (ANZ Heart Failure Study (NYHA II.-III) 
and COPERNICUS (NYHA IV)). The ValHeft study has 
the largest neurohormonal database of heart failure stud-
ies.

BNP and noradrenalin were determined in 4,300 
patients out of 5,010. BNP was a statistically signifi cant 
predictor of mortality.

The determination of BNP/NT-proBNP is one of 
the most useful indicators that may, when dynamically 
monitored, predict an unfavourable course of illness and 
determine the eff ect of heart failure treatment. It may be 
claimed that normal values of plasma concentration of 
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BNP exclude heart failure and, vice versa, high levels of 
BNP confi rm the diagnosis of heart failure17, 20, 21, 24.

4. Endothelium-dependent relaxation factor (EDRF)
An intact endothelium produces a vasodilatative en-

dothelium-dependent relaxation factor (EDRF), which 
is, chemically, nitrogen oxide originating in L-arginine. 
EDRF, as a nitrate, has a vasodilatative eff ect since it 
activates guanylate cyclase in the smooth muscle of blood 
vessels. 

5. Adrenomedullin
Increased levels of adrenomedullin correlate with 

the symptomatology and haemodynamic severity of syn-
drome49. Adrenomedullin acts as a vasodilatator in the sys-
temic and pulmonary circulation induces vasodilatation 
in the kidneys, increases glomerular fi ltration, natriuresis 
and diuresis48. Adrenomedullin inhibits the excretion of 
aldosterone from the zona glomerulosa and the produc-
tion of endothelin-1 (ref.30).

6. Kallikrein-kinin system
The distal tubules of the kidneys produce kallikrein-

protease which aff ects kininogen and forms bradykinin 
and kallidin peptides. Both peptides cause vasodilation 
and natriuresis. Bradykinin also stimulates the formation 
of prostaglandins. 

7. Adenosine
Adenosine is produced by myocytes and endothelial 

cells. It inhibits the release of catecholamines via receptor 
A1 and via receptor A2 it increases coronary fl ow and 
inhibition of platelets and leukocytes. It also inhibits the 
release of TNF alpha and renin. In patients with chronic 
heart failure, an increase in the level of adenosine has been 
described depending on the severity of the illness31.

8. Vasoactive intestinal peptide (VIP)
VIP is connected with the parasympathetic nervous 

system and it has a vasodilatative eff ect. It is structurally 
close to the hormones of the digestive tract – secretin 
and glucagon. In addition to vasodilatation, it also has 
a positive inotropic eff ect. It is present in heart nerves, 
particularly in the right atrium.

9. Calcitonin gene-related peptide (CGRP)
The CGRP is a powerful endogenous vasodilatator, 

localised together with the VIP in the parasympathetic 
nervous system.

When the function of the left ventricle is impaired, 
the above-mentioned neurohumoral mechanisms with a 
marked prominence of vasoconstriction and retention of 
sodium and water are activated. Preload and particularly 
afterload are excessively increased, which in turn further 
impairs the heart function. This closes the vicious circle. 
The plasma levels of noradrenaline, angiotensin II, atrial 
and ventricular natriuretic peptide, big endothelin and 
TNF directly determine the prognosis of patients with 
chronic heart failure.

Besides the above-mentioned haemodynamic conse-
quences, neurohumoral stimuli also impair cardiac func-
tion by directly aff ecting the myocardium (hypertrophy, 
change in collagen synthesis). The changes of water and 
ionic economy mean an increased state of readiness for 
arrhythmias, mostly ventricular. The sick person dies 
 either of progressing heart pump failure, or suddenly of 
malignant arrhythmia.

C) CYTOKINES 

Cytokines are highly eff ective endogenous peptides of 
relatively low molecular weight with a number of biologi-
cal eff ects, from infl uence on growth, leukocytic function, 
tissue, epithelial, endothelial and other cells that are in-
volved in tissue repair and homeostasis, to specifi c eff ects 
on the pathophysiology of chronic heart failure32. The 
mechanism of eff ects is either through specifi c receptors, 
or through membranes. The most studied cytokines are: 
tumour necrosis alpha factor (TNF) and interleukin (IL) 
6 and 1 (ref.33).

Cytokines are produced by immune system cells, the 
formation could be induced by a neurohormonal activa-
tion.

The origin of pro-infl ammatory cytokines in heart fail-
ure is not entirely clear; there are three possible sources. 
The best-known sources are: 1) immune activation in-
duced by endotoxins (in intestinal oedema), 2) myocardial 
formation of cytokines in haemodynamic overload, and 
3) extra-myocardial production of cytokines34. 

TNF alpha causes muscle loss, reduces muscular 
contractility and induces myocardial hypertrophy. Thus 
TNF causes endothelial dysfunction and at the same time 
impaired synthesis and increased skeletal muscle catabo-
lism. An increase in TNF, which is observed especially 
in NYHA IV patients, may lead to a serious limitation of 
exercise capacity and correlates with cardiac cachexia and 
an adverse prognosis.

Interleukin (IL) 1 and 6
Interleukin 1 has a negatively inotropic eff ect owing 

to a decrease in cardiac contractility and stimulation of 
NO synthase35. It may induce apoptosis. Interleukin 6 is 
associated with a worse NYHA class, prolonged hospi-
talisation and a poor function of the left ventricle. Its 
role as a prognostic marker has not been clarifi ed as yet 
and the mechanism of its harmful eff ect is not completely 
clear. There is, however, some scientifi c knowledge of its 
being involved in the development of ventricular hyper-
trophy through the stimulation of glycoprotein receptor 
130 which is present on heart myocytes33.

CONCLUSION

Humoral actions are one of the cornerstones of the 
origin and development of heart failure. According to 
their basic characteristics, they may be divided into va-
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soconstrictive, vasodilatative and cytokines; in the fi rst 
two, vasoconstrictive substances usually predominate. In 
addition to their vasoactive eff ects, some humoral actions 
are signifi cantly involved in the process of remodelling 
and endothelial dysfunction. Their importance for clini-
cal practice is now obvious: both for basic CHF diagnos-
tics and for assessment of its progression and prognosis. 
The major systems are successfully blocked by treatment. 
Given the rapid development of knowledge in this fi eld, 
further specifi cation of the place of humoral substances 
in pathophysiology and CHF diagnostics, and perhaps 
in further therapeutic use of inhibition of their adverse 
eff ects, may be expected.

ACKNOWLEDGEMENT
Study was supported by research project MSM 

0021622402.

REFERENCES

 1. Štejfa M, a kol. Kardiologie (třetí, přepracované a doplněné vydání) 
Grada Publishing a. s. 2007, s 722

 2. Widimský J. Srdeční selhání, 2. rozšířené a přepracované vydání, 
Triton 2003, s 556

 3. Špinar J, Vítovec J. Chronické srdeční selhání, Medica s. r. o., Brno 
2000, s 65

 4.  Špinarová L,Toman J. Humorální změny u chronického srdečního 
selhání. Cor et Vasa 2001:43(10):513–9

 5. Yanagisawa M, Kurihana H, Kimura S, et al. A novel potent vaso-
constrictor peptide produced by vascular endothelial cells. Nature 
1988; 332:411–15

 6. Bartůněk L. Endoteliny a chronická srdeční insufi cience. Vnitřní 
Lékařství 2000; 46(1):54–57

 7. Horký K. Patofyziologická úloha endotelinu u kardiovaskulárních 
onemocnění a možnost jeho blokády. Remedia 1998; 8(6):408–
416

 8. Špinar J, Vítovec J, Špinarová L, Toman J, Kubecová L, Pacher 
R, Stanek B, Wimmer A. The value of big endothelin level and 
hemodynamic variables in heart transplant candidates Cor et Vasa 
2000; 42(10):495–500

 9.  Pacher R, Stanek B, Huelsman M, et al. Prognostic impact of big 
endothelin-1 plasma concentrations compared with invasive he-
modynamic evaluation in severe heart failure. J Am Coll Cardiol 
1996; 27(3):633–641

10. Špinarová L, Toman J, Pospíšilová J, et al. Humoral response in pa-
tients with chronic heart failure. Int J Cardiol 1998; 65:227–232

11.  Zukowska-Grojec Z, Marks ES, Haass M. Neuropeptide Y is a 
potent vasoconstrictor and a cardiodepresssant in rat. Am J Physiol 
1987; 253:H 1234

12.  Castellani S, Paladini B, Paniccia R, et al. Increased renal formation 
of thromboxane A2 and prostaglandin F2 alpha in heart failure. 
Am Heart J 1997; 133:94–100

13.  Wijnbenga AAM, Balk AHM, Jonkman FAM et al. Relation of 
atrial natriuretic peptides to left ventricular systolic and diastolic 
function in heart failure. Eur J Heart Failure 1999; 1:51–58

14.  Sudoh T, Kangawa K, Minamino N et al. A natriuretic peptide in 
porcine brain. Nature 1988; 332:78–81

15.  Cowie MR, Struthers AD, Wood DA et al. Value of natriuretic 
peptides in assessment of patients with possible new heart failure 
in primary care. Lancet 1997; 350:1349–1353 

16.  Vítovec J, Špinarová L. Natriuretické peptidy-diagnostika a léčba. 
Remedia 2004;14(2):177–181

17.  Oral I. Natriuretické peptidy – současný stav klinického využití 
jejich stanovení. Vnitřní Lék 2003; 49:521–523

18.  Kalra PR, Anker SD, Struthers AD et al. The role of C – type 
natriuretic peptide in cardiovascular medicine. Eur Heart J 2001; 
22:997–1007

19.  Maisel AS, Krishnaswamy P et al. Rapid measurement of B-type 
natriuretic peptide in the emergency diagnosis heart failure. N Eng 
J Med 2002; 347:161–167

20.  Špinar J, Vítovec J. Normy pro BNP a NT-pro BNP stanoveny. Cor 
et Vasa 2005;47(10):

21.  Hradec J. Mohou se stát natriuretické paptidy křišťálovou koulí 
kardiologa? JACC-CZ 2003; 5:255–257

22.  Nieminen MS, Boehm M, Cowie MR et al. Executive summary of 
the guidelines on the diagnosis and treatment of acute heart failure. 
Eur Heart J 2005; 26:383–416

23.  Swedberg K, Cleland J, Dargie H et al. Guidelines for the diag-
nosis and treatment of chronic heart failure. Eur Heart J 2005; 
26:1115–1140

24.  Maisel A, McCord J, Nowak RM et al. Results from Breathing Not 
Properly Study (BNP). J Am Coll Cardiol 2003; 41:2010–2017

25.  Januzzi LJ, Camargo CA, Anwarudin S et al. The N-terminal 
pro-BNP investigation of dyspnea in the emergency department 
(PRIDE) study. J Am Coll Cardiol 2005; 95:948–954

26.  Harjola VP, Siirla-Waris K, Peuhkurinen K et al: FINN-AKVA 
Finnish Acute Heart Failure study-Prognostic signifi cance of NT-
proBNP as early follow-up. Abstract Book proCardio Symposium, 
3rd International Symposium on NT-proBNP,May 27–28,2005, 
Dresden, Germany

27.  Bettencourt P, Azevedo A, Pimenta J et al. N-terminal-pro-Brain 
Natriuretic Peptide predicts outcome after hospital discharge in 
heart failure patients. Circ 2004; 110:2168–2174

28.  Staněk V. Kardiologie a biochemie. Znamenají natriuretické pepti-
dy novou éru v diagnostice a kontrole léčby srdečního selhání. Cor 
Vasa 2002; 44:504–505

29.  Špinarová L, Toman J, Meluzín J, Hude P, Krejčí J, Tomandl J, 
Vítovec J. Natriuretic peptides and myocardial function in chronic 
heart failure. Eur J Echocard 2003; 4:Suppl.1:S 34

30.  Petrie MC, McClure SJ, Love MP, et al. Novel neuropeptide in the 
pathophysiology of heart failure; adrenomedullin and endothelin-1. 
Eur J Heart Failure 1999; 1:25–29

31.  Funaya H, Kitakaze M, Node K, et al. Plasma adenosine levels 
increase in patients with chronic heart failure. Circulation 1997; 
95:1363–1365

32.  Pěnička M, Gregor P. Hypotéza kardiovaskulárních onemocnění. 
Postgraduální medicína 1999; 1:34–43

33.  Niebauer J. Inflammatory mediators in heart failure. Int J of 
Cardiology 2000; 72:209–213

34.  Paulus WJ. How are cytokines activated in heart failure? Eur J 
Heart Fail 1999; 1:309–312

35.  Francis SE, Holden H, Holt CM. et al. Interleukin-1 in myocardium 
and coronary arteries of patients with dilated cardiomyopathy. J 
Mol Cell Cardiol 1998; 30:215–230



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


