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Homeostatic regulation of fluid and electrolyte bal
ance is essential for survival. In the past 30 years 
there has been tremendous growth in our under
standing of intrarenai mechanisms regulating elec
trolyte balance and blood pressure. In 1959 Kisch (1) 
has identified endocrine - like granules in cardiac at
rial, but not ventricular, tissue. In 1981, the signific
ance of these granules and their relevance to the 
search for an extrarenal natriuretic mechanism 
were demonstrated by de Bold and his colleagues 
(2). These investigators found that the injection of 
rat atrial homogenates induces a profound natriure- 
sis, diuresis and a decrease in systemic arterial pres
sure. Considerable effort has focused on the storage 
and release mechanisms of this substance within 
cardiac tissue, and on the identification of the circu
lating form of it. Afterwards, several atrial peptides 
with potent natriuretic and vasorelaxant properties 
similar to those of de Bold's crude atrial extracts 
have been isolated, purified, sequenced and chemi
cally synthesized (3, 4, 5). Various names are used 
for peptide hormone that is secreted by cardiac at
ria: such as, atrial natriuretic factor, atrial natriuretic 
hormone, atrial natriuretic peptide (ANP), atrine, 
atriopeptin, auriculin and cardionatrin.

The primary atrial peptide synthesized in the atrial 
tissue is a 152 - amino acid prehormone (4). The dis
ulfide bridge located between positions 129 and 145 
of the precursor is essential for both natriuretic and 
vasorelaxant activities and a minimum of 23 amino 
acids is required for the expression of complete bio
logic activity. The 28 - amino acid peptide is the ac
tive circulating hormone in man (alpha ANP). Human 
ANP appears during the very early fetal period (6).

ANP release is stimulated by intravenous volume 
overloading (7), salt loading (8. 9, 10. 11, 12). exer
cise (13, 14. 15. 16), vasoconstrictor agents (17) 
and/or head - out water immersion (5). ANP is sec
reted into the circulation through the coronary sinus 
to act on target organs including kidney, adrenal 
cortex and the vasculature. The physiologic effects 
of ANPs can be devided into four categories: Effects 
on renal hemodynamics and sodium excretion, ef
fects on vascular smooth muscle, effects on blood 
pressure and systemic hemodynamics, and effects 
on renin - angiotensin - aldosterone system (3, 18. 
19).

EFFECTS ON RENAL HEMODYNAMICS AND 
SODIUM EXCRETION
Detailed studies in the isolated perfused rat kidney 
(20. 21) and human subjects (22) have shdwn that 
ANP administration evokes a definite and sustained 
increase in glomerular filtration rate (GFR) even 
when systemic arterial pressure is decreased and 
renal blood flow is constant or reduced. This may be 
due to the selective constriction of the efferent arte
rioles of the glomerulus (3, 18). or ANP may act on 
the glomerular membranes to oppose angiotensin - 
II or to directly increase permeability. ANP increases 
renal sodium and water excretion not only by an in
crease in GFR, but also by modifying intrarenai dis
tribution of blood flow and thereby increasing me
dullary blood flow. ANP probably induces a medul
lary washout, which increases sodium excretion in 
response to an increased distal delivery of the filtr
ate. Proposed tubular effects of ANP include distal 
tubular inhibition, sodium reabsorption thus ac
counting for remarkable natriuresis and diuresis (3, 
4).

ANP is able to ameliorate impaired renal function 
leading to increased GFR, diuresis, natriuresis in the 
maintenance phase of glycerol - induced (20) or 
norepinephrine - induced (21) acute renal failure 
(ARF). The usefulness of ANP in prevention from ARF 
in humans has to be elucidated. The plasma levels of 
human ANP in patients with end - stage renal dis
ease were higher than healthy subjects and patients 
with advanced renal failure without volume expan
sion (23, 24, 25). The plasma concentration of ANP 
falls significantly after hemodialysis (26, 27). This 
reduction is caused by the decrease of blood volume, 
but not by removal of the peptide due to dialysis. 
Alpha - h - ANP with its important role in the regula
tion of renal function and sodium - water balance, 
seems to have potential therapeutic value in renal 
diseases (22, 23, 28).

EFFECTS ON VASCULAR SMOOTH MUSCLE
The vasorelaxant action of ANP has been demon
strated in preconstricted isolated vascular strips. 
The relaxation mediated by ANP does not require an 
intact endothelium (29) and occurs concomitantly 
with an elevation in intracellular cGMPdue to an acti
vation of particulate guanylate cyclase. This finding 
suggests that cGMP may be the second messenger
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for ANP (29, 30, 31). ANP is capable of abolishing 
pressor effects of endogenous substances such as 
Angiotensin II and norepinephrine (31). The vasodi
lator potency of atrial peptides is reported to be res
tricted to the arterioles without affecting venous 
tone in dogs (32).

EFFECTS ON BLOOD PRESSURE AND 
SYSTEMIC HEMODYNAMICS
In addition to increases in GFR and sodium excretion, 
ANP administration consistently has been found to 
produce dose dependent reductions in arterial blood 
pressure in various animal species (33) and in hu
man subjects (34). The blood pressure lowering ef
fect of ANP is related to: its natriuretic property, in
hibition of the vasoconstriction induced by angioten
sin II and norepinephrine and inhibition of renin - an
giotensin - aldosterone system (3, 34. 35). ANP also 
has been shown to reduce blood pressure in several 
animal models of experimental hypertension (35) 
and in hypertensive patients (36). The mechanism of 
the hormone s hypotensive effect appears to differ 
in high - renin and low - renin forms of hypertension 
(3). In the high-renin two-kidney Goldblatt hyper
tension (the renal artery of one kidney is clamped 
and the opposite is left in place), ANP lowers blood 
pressure by relaxing the preconstricted arterioles (3. 
36) whereas in low-renin hypertension models (as in 
DOCA-salt treated rats) the hypotensive effect oc
curs by a reduction in venous return (37,38). An im
paired renal sodium excretion is postulated to be the 
primary abnormality in essential hypertension. Ele
vated plasma ANP observed in essential hyperten
sion might be an indication of volume expansion in
duced by an impaired control of sodium excretion 
(11). So. the increase of circulating ANP represents a 
feedback mechanism to compensate for the ineffi
ciency of sodium excretion in the kidney (9, 10, 12, 
39). ANP is secreted from cardiac atria presumably 
by the stimulation of atrial stretch receptors in
duced by hypervolemia and increase in right atrial 
pressure (9,40). ANP is rapidly released into the cir
culation when sodium or volume is loaded, and the 
atrial storage of ANP remains depleted for about 1 
week (10). Effective antihypertensive therapy re
duces elevated levels of plasma ANP in essential hy
pertension (41). Plasma ANP concentrations are 
found elevated in various arrhythmias being higher 
in patients with ventricular tachycardia than with 
supraventricular tachycardia or atrial fibrillation 
(42). and in acute versus chronic tachycardia, right 
atrial pressure (43) rather than ventricular rate de
termines ANP release during tachycardia. Raised le
vels of this hormone may be a contributing factorfor 
the polyuria and the hypotension associated with 
paroxysmal tachycardias (44. 45).

Plasma ANP is found to be elevated in congestive 
heart failure and directly correlated with the sever
ity of the disease. This suggests a possible role of 
ANP as a compensatory mechanism in the pathog
enesis of congestive heart failure (46). Infusion of 
synthetic atrial peptide produced benefical hemody
namic effects by counter-balancing the renin - an

giotensin - aldosterone system in congestive heart 
failure (47). Consequently, ANP may be helpful in 
treating patients with severe congestive heart fai
lure by reducing peripheral vascular resistance and 
decreasing afterload and thereby improving cardiac 
performance (46,47,48). The elevated ANP concen
tration in the patients with heart failure decreased 
after their conditions improved with digoxin and diu
retics or with surgical correction. Therefore, the 
measurement of plasma ANP concentration may 
provide valuable information in evaluating the pres
ence or absence of heart failure (6). Patients with se
vere congestive heart failure, who do not respond 
with natriuresis and diuresis to their high plasma le
vels of ANP, appear resistant to their endogenous 
ANP. Whether this is due to target organ insensitiv
ity, alterations in receptor functions or lowered renal 
blood flow are questions worthy of further explora
tion (49, 50).

Plasma ANP levels are significantly correlated with 
pulmonary arterial pressure, cardiac output and 
with an increase in the intraatrial pressure.

MISCELLANEOUS EFFECTS
An unexplained response noted in experimental ani
mals and man is ability of atriopeptin to increase the 
cellular component of hematocrit, suggesting that 
the peptide regulates volume distribution by shift

in g  fluid between the extra and intra vascular com
partment (3).

Acute exercise stimulates ANP secretion in propor
tion to the intensity of exercise (14). This response is 
modified by subjects sodium status (15). The re
lease of this potent vasoactive substance during ex
ercise initiates events which later contribute to the 
development of post - exercise hypotension (13). In 
cardiac patients, the investigators observed an en
hanced exercise - induced rise in ANP levels, probably 
due to hemodynamic impairment, at exercise (16). 
The estimation of ANP levels in plasma during a 
standardized ergometer test could turn out to be at 
least an accessory and noninvasive diagnostic ap
proach in the evaluation of patients suffering from 
heart diseases.

Not only pharmacologicai or pathological plasma 
concentrations but also physiological plasma con
centrations of infused synthetic ANP can elicit the 
renal and hormonal response, proving that ANP is a 
physiologically important circulating hormone (56). 
Circulating levels of ANP are elevated during preg
nancy (57) and in the human fetus ANP is found to 
be a circulating hormone (58).

The discovery of ANP succeeded in bringing together 
nephrologists, endocrinologists, cardiologists, phy

siologists. pharmacologists, pediatricians, etc., in at
tempts to define the pharmacology and physiology 
of this peptide (17).

Although the research to date suggests that ANP 
may be the key component of a new cardiovascular
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regulatory system, there is still much to learn about 
this hormone. The exciting pharmacologic profile for 
ANP has offered promise for the therapy of cardio
vascular disorders involving volume overload elevat
ed vascular resistance, and renal disease states. Al
though a vast amount of information has accumu
lated over the past 6 years, a more complete under
standing of the role of ANP and synthesis of specific 
antagonists are needed before it is possible to de
termine the therapeutic potential of this new excit
ing hormone.
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