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Heart, except it’s dynamic function as a pump
fforce of cardiovascular apparatus, in whole, fulfills
several other purposes. During last years, it has be-
en enlightened that heart has also endocrine functi-
on.

First data on secretory granules appeared in lite-
rature in 1964 (1, 2) which showed, that mammali-
an’s cardiomyocytes, including human’s, have cha-
racter of specific secretory granules, similar with gra-
nules of endocrine organ cells, releasing peptide sec-
rets. Number and density of these granules depend
on changes of water and sodium influx, as well as
on several experimental manipulations as adrenalec-
tomy and hypertension during adrenal registration.
Even, taking in account these morphological fin-
dings, it was concluded that cardiomyocytes and
mentioned granules had a possible role in regulation
of water and sodium homeostasis and volume balan-
ce.

The substances of peptic character were isolated
and purified from atrial cardiomyocytes and their
chemical components and synthesis were then defi-
ned. These substances were named as  “atrial natri-
uretic peptide’’(ANP). Other definitions –as auriculin,
atriopeptin and cardionatrii are used now rarely. As
appeared, ANP specifically causes natriuresis and si-
multaneously controls extracellular liquid volume,
water and sodium homeostasis, being thus a regula-
tor of the most important functions of cardiovascu-
lar and renal systems.

Secretory granules are ovale bodies with homo-
genous electron – dense content and limiting
membrane, under which one could identify thin ring.
They mainly accumulated near nuclei, complex Golgi
aggregation zone, where they formed the largest
aggregations. Single granules are diffusely spread in
cytoplasm (3).

Several works investigated organelles that sup-
port endocrine activity of atrial myocytes. It has be-
en shown, that Golgi complexes may be observed at
the peripheral cites of cardiomyocyte cells, which is
not an intrinsic feature of cardiomyocytes. Entirely,
large Golgi complexes, surrounded by large amount
of various molecules, well-developed systems of ag-
ranular and granular endoplasmic reticulum with ac-
cumulation of mitochondria around, formed power-
ful synthetic complex.

Formation of granules in human myocytes begins
with accumulation of moderate density substances
in expanded parts of complex Golgi cisterns, someti-
mes in kind of drop at their ends. These drops are
differentiated with surrounded membrane, forming
pro-granules with clear electron–transparent well-de-
fined ring under membrane, with bristles on their
surface. 

Here, in complex Golgi zone, the dissolving gra-
nules among mature ones could be revealed (4).

The works of several authors, investigated elect-
ron-microscopic features and development of atrial
granules, are also attracted attention. It has been fo-
und that atrial granules appear in atrial myocytes at
the definite stage of heart development. The time of
their formation is defined (5) by formation of Golgi
apparatus, which is formed at near-nuclei area in clo-
se connection with active nuclei membrane.

As Golgi apparatus reaches definite degree of
differentiation, the first signs of granular structures
formation - peripheral parts become denser with
further accumulation of dense substance with mic-
rostructure sign - are appeared in their macules.

The investigations of the above-mentioned aut-
hors demonstrated that formation of Golgi appara-
tus starts on the 14th day of embryonic period. Dif-
ferentiation of its components is accompanied with
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the appearance of the single formed granules on the
1st day of the development. Consequently, their
amounts are rapidly increased  (6).

Further, the hormone secreted by cardiomyocy-
tes, was isolated and its chemical compounds were
determined. The amino acid sequence of the factor
from atria was established for the first time by Flinn
(7).

ANP in cardiomyocytes is synthesized as pro-hor-
mone, consisting of 152 amino acids in rats and 151
amino acids in humans. Human and rat peptides are
homologous by their structure, differing only by one
amino acid located in 12th position (isoleucine inste-
ad of methionine in human factor). Analogous fac-
tor, isolated from rat’s heart, is also similar in struc-
ture. These findings testified on highly conservative
structure of ANP in mammalians and humans from
one side and on the other - permit to use their simi-
larity for practical purposes (for example animal ANP
antibodies could be used for testing of peptide in hu-
man blood) (8). Large amount of information on
structure of ANP and its precursor, as well as mecha-
nisms of regulation of its synthesis, was obtained
while investigation of its gene structure. Human and
rat DNA fragments, containing ANP precursor gene
and it’s primary structures were obtained by gene
engineering methods (6, 9).

Specifically, quite original approach, based on fe-
atures of ANP gene expression –so- called method of
differential hybridization of colonies was used for es-
tablishing of clones in gene chains that contain ANP
gene. Using this method investigators selected clo-
nes, containing those DNA fragments, which were
expressed in atria, but were inactive in ventricles
(10).

Determination of the primary structure of ANP
gene and surrounding areas showed that it repre-
sents typical example of mosaic eukaryotic gene. The
ANP precursor structure is encoded in 3 zones: the
first coding zone contains information on hydropho-
bic peptide structure and moreover information on
20 amino acid residuals of intrinsic precursor; the
structure of the residual part of ANP precursor, ex-
cept one human ANP’s C-terminal amino acid or
three rat’s amino acids are encoded in the second
block (11).

Formation of m-RNA, that encodes ANP precur-
sor, consisted of 151 amino-acid residuals in humans

and of 152 amino acid residuals in rats, takes place
after transcription and splicing.  

Data on polypeptide precursor structure were ac-
quired mainly by determination of nucleotide sequ-
ence of its encoding DNA fragment (12).

The main target organs for ANP action are kid-
neys, vessels, adrenal glands, several structures in
central and sympathetic nervous systems (1, 10). In
kidneys, ANP acts on vascular system, excretory and
endocrine functions. The most pronounced renal ef-
fects are increase in sodium, chloride and water exc-
retion and less one – potassium, calcium, phosphate
and magnesium.   Despite all efforts, investigators
could not yet explain the mechanism of these acti-
ons. It is considered that increase in glomerular filt-
ration, changes in parenchymal blood flow and pro-
bably – tubule effects on sodium reabsorbtion in tu-
bules and collecting channels play a complex role.
Firstly, direct tubule effects of ANP and secondly, re-
lative changes in reabsorbtion due to hemodynamic
changes in kidneys could be assumed (11, 13).

ANP has an inhibiting effect on renin production,
changes sodium transport or has direct inhibiting ef-
fects on renin secretion by juxtaglomerular renal cells
(2, 8).  

The other system, which is influenced by ANP, is
vascular system (14). ANP causes relaxation of ves-
sels, exhibiting constrictive effects of angiotensin II
and norepinephrine (15). Its effect on noncontracted
arterial bed is markedly less. Reduction of blood pres-
sure, which becomes noticeable after infusion of inc-
reased ANP doses, is caused partially by dilation, and
partially by decrease in cardiac output due to reduc-
tion of venous return and venodilation. Another
mechanism, which may play role in blood pressure
reduction, is neuromodulating effect of ANP on bra-
in structures, responsible for central regulation of
cardiovascular functions (16).

Several investigations also showed that ANP has
hypotensive effects due to its influence on other cha-
ins, particularly, on the renin-angiotensin-aldostero-
ne system.

ANP binds to the vascular smooth muscle cell’s
surface receptors, lowering adenylate cyclase, activa-
ting guanylate cyclase and increasing c-GMP levels,
which plays a role of a secondary messenger in ANP
action, leading thus to vessel dilation and reduction
of peripheral resistance (17). 
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During last years it has been demonstrated, that
there is a close relationship of ANP with the central
and sympathetic nervous system. High ANP concent-
rations were revealed in central nervous system, and
receptors of this peptide  - in structures having rela-
tion to central regulation of cardiovascular system
and water-electrolyte balance. Further, ANP inhibits
angiotensin effects and release of antidiuretic hor-
mone from hypothalamic nuclei and neurohypophy-
sis (4).

ANP plays a major role in volume and osmotic ba-
lance regulation. Pronounced effects of ANP on nat-
riuresis, diuresis, vasorelaxative and depressor acti-
ons, interrelationship with other pressor and antinat-
riuretic peptides, its effect on central and sympathe-
tic nervous system allow   to suppose that this factor
plays role in regulation of electrolyte and volume ho-
meostasis, as well as in regulation of pressure balan-
ce (18). Accomplishing of volume and osmotic regu-
lation is related to that atria are the ideal place of ba-
ro- and osmoreceptors localization, as well as synthe-
sis and release of regulatory substances. 

Left atrium plays an important role in volume re-
gulation of extracellular liquid. Increase in blood plas-
ma volume and functional overload of atria (ligation
of aorta, physical exercise) stimulate release of ANP
into the blood (10). Findings, testified on changes of
ANP levels in cardiac pathology, have been acquired
recently. It is suggested that change in synthesis af-
fects development of edema. So, atrial extract has
the least diuretic and natriuretic activity in Syrian
hamsters with spontaneous cardiomyopathy and 
edemas than in healthy animals (19). 

The role of ANP in complex pathogenesis of ede-
matous states and arterial hypertension has more
character of adaptive-compensatory changes. Howe-
ver, the effects of ANP in the target organ should
not necessary manifest by changes in the number or
sensitivity of respective receptors, for example in kid-
neys (in edematous states) or vessels (arterial hyper-
tension), despite high ANP plasma concentrations
(20).

The high concentration of ANP in dependence on
stage of decompensation has been shown in conges-
tive heart failure (21). Gradual compensation of con-
gestive heart failure was accompanied by the reduc-
tion of high ANP plasma concentrations. The direct
correlation of ANP plasma concentration with right

atrial and pulmonary arterial pressures and its relati-
ve correlation with cardiac index were confirmed
(22). Depressor and natriuretic actions of ANP hypot-
hetically allow suggesting, that its insufficient synthe-
sis might be one of the causes of arterial hypertensi-
on. 

Angiotensin II and atrial natriuretic peptide are
considered as functional antagonists in the regulati-
on of liquid volume homeostasis and electrolyte con-
tent and arterial pressure as well. In order to investi-
gate in detail the relationship of two hormones, the
effects of low doses of angiotensin II on plasma ANP
concentration and influences of ANP release on renal
and hormonal reactions of angiotensin II were studi-
ed. These investigations were carried out in the con-
ditions of continuous sodium load and inhibition of
angiotensin-converting enzyme. It has been establis-
hed that during increase of liquid volume in dogs an-
giotensin II may promote release of renin indepen-
dently of changes in atrial pressures and systemic he-
modynamics. This allows concluding, that angioten-
sin II may have significant modulating effect on ANP
secretion.  

In conclusion, it should be noted, that ANP as re-
gulatory factor has marked effects, participating in
regulation of the most physiological processes in or-
ganism through interrelationship with the most im-
portant regulatory systems as renin-angiotensin-al-
dosterone, sympathetic and kallikrein-kinin systems.
In this connection, further investigations of its struc-
tural-functional interrelationships have undoubtedly
theoretical and practical meaning. 
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