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N 1981, de Bold and his colleagues made the
seminal observation that infusion of extracts of
atrial tissue into rats caused a copious natriuresis.

 

1

 

This then led to the isolation and cloning of atrial
natriuretic peptide, the first member of a family of
peptides with potent natriuretic, diuretic, and vas-
orelaxant activity.

 

2

 

 Subsequent contributions from
many investigators have expanded our understanding
of the family of natriuretic peptides, their receptors,
and their cellular actions that regulate physiologic
functions. Studies using drugs to inhibit the func-
tion of some natriuretic peptide receptors or to pre-
vent the degradation of natriuretic peptides have
confirmed the importance of these peptides. These
investigations in animals and humans have estab-
lished that the natriuretic peptides have a role in the
body’s defense against hypertension and plasma vol-
ume expansion. This review will highlight recent
developments in the physiologic and pathophysio-
logic functions of the natriuretic peptides and the
implications for their use in treating patients with
cardiovascular diseases.

 

BIOCHEMISTRY AND MOLECULAR 

BIOLOGY

 

The natriuretic peptide family consists of three
peptides: atrial natriuretic peptide, brain natriuretic
peptide, and C-type natriuretic peptide (Fig. 1). The
precursor prohormone for each is encoded by a sepa-
rate gene. The tissue-specific distribution and regu-
lation of each peptide are unique.

Atrial natriuretic peptide is produced primarily in
the cardiac atria. Several hormones and neurotrans-
mitters, such as endothelin, arginine vasopressin, and
catecholamines, directly stimulate the secretion of

I

 

atrial natriuretic peptide. Increased atrial-wall ten-
sion, reflecting increased intravascular volume, is the
dominant stimulus for its release. The messenger
RNA transcript for atrial natriuretic peptide is approx-
imately 1 kb in size and encodes a precursor protein
(pro–atrial natriuretic peptide) of 126 amino acids.
Cleavage of human pro–atrial natriuretic peptide re-
leases a 98-amino-acid amino-terminal fragment, as
well as a 28-amino-acid carboxy-terminal fragment
that is mature atrial natriuretic peptide. Both frag-
ments circulate in the plasma, and their concentra-
tions are increased in patients with increased intravas-
cular volume, such as patients with congestive heart
failure. Fragments of the amino-terminal molecule
also are present in plasma, and some data suggest
they have biologic actions similar to those of atrial
natriuretic peptide (see below).

 

3

 

 Little atrial natriu-
retic peptide is produced by ventricular tissue in
normal adults, but it is present in the ventricular tis-
sue of fetuses and neonates and in hypertrophied
ventricles.

 

4,5

 

The atrial natriuretic peptide gene is also ex-
pressed in the kidney, in which alternative process-
ing of the precursor generates a 32-amino-acid pep-
tide called urodilatin.

 

6

 

 Urodilatin may be important
for the local regulation of sodium and water han-
dling in the kidney.

Brain natriuretic peptide was originally identified
in extracts of porcine brain. It is present in human
brain, but there is considerably more in the cardiac
ventricles. Human pro–brain natriuretic peptide con-
tains 108 amino acids; processing releases a mature
32-amino-acid molecule and an amino-terminal frag-
ment. Both circulate in the plasma, and the concen-
trations are high in patients with ventricular hyper-
trophy or congestive heart failure.

C-type natriuretic peptide is the third member of
the family. Two C-type natriuretic peptide mole-
cules, 22 and 53 amino acids in length, have been
identified in vivo. Each is derived from the single
pro–C-type natriuretic peptide precursor through
different processes, and the 22-amino-acid form is
contained within the carboxy-terminal portion of
the 53-amino-acid form. The 22-amino-acid peptide
predominates in the central nervous system, anterior
pituitary, kidney, vascular endothelial cells, and plas-
ma and is more potent than the 53-amino-acid form.
The plasma concentration of C-type natriuretic pep-
tide is very low.

Other related peptides include guanylin and uro-
guanylin. These are 15- and 16-amino-acid peptides,
respectively, that are produced primarily in the gas-
trointestinal mucosa, in which they activate guanylyl
cyclase to generate cyclic guanosine monophosphate
(cGMP). These peptides may regulate salt and water
transport across the intestinal mucosa, and they may
also coordinate intestinal absorption with subse-
quent renal excretion of sodium.

 

7
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NATRIURETIC PEPTIDE RECEPTORS

 

Guanylyl Cyclase Receptors

 

The natriuretic peptides exert their effects through
interaction with high-affinity receptors on the sur-
face of target cells (Fig. 2). Three natriuretic peptide
receptors (A, B, and C) have been identified in mam-
malian tissues. Natriuretic peptide receptors A and B
are linked to the cGMP-dependent signaling cascade
and mediate many of the cardiovascular and renal
effects of the natriuretic peptides. Natriuretic peptide
receptors A and B are structurally similar, with approx-
imately 44 percent homology in the ligand-binding
extracellular domain.

 

8

 

 The A receptor binds both
atrial and brain natriuretic peptides, with preference
for atrial natriuretic peptide. C-type natriuretic pep-
tide is the natural ligand for the B receptor. The
A receptor is the most abundant type in large blood
vessels, but there are also some B receptors. The
B receptors predominate in the brain. Both receptors
are present in the adrenal glands and the kidney. In
both A and B receptors, the extracellular portion is
linked to the intracellular portion by a single mem-
brane-spanning segment. The intracellular portion
contains a kinase-like domain, followed by the gua-
nylyl cyclase catalytic domain. Binding of the natriu-
retic peptides to their receptors activates guanylyl cy-
clase, leading to an elevation in intracellular cGMP.

 

Natriuretic Peptide–Clearance Receptor

 

Natriuretic peptide receptor C is involved in clear-
ance of the peptides.

 

9

 

 The natriuretic peptides bind
to it and are internalized and enzymatically degraded,
after which the C receptor returns to the cell surface.
It is a homodimer protein in which each monomer
has a single membrane-spanning segment. All three
natriuretic peptides bind to this receptor with equal
affinity. Circulating natriuretic peptides also are
inactivated by cleavage by neutral endopeptidases

present within renal tubular cells and vascular cells.
Each system accounts for approximately half of na-
triuretic peptide turnover in sheep,

 

10

 

 but their rela-
tive contributions in humans are not known.

 

ACTIONS OF NATRIURETIC PEPTIDES

 

Cardiovascular Actions

 

In animals, sustained low-dose infusions of atrial na-
triuretic peptide reduce peripheral vascular resistance
and lower blood pressure,

 

11

 

 but high doses increase
peripheral vascular resistance despite the decrease in
blood pressure,

 

12

 

 suggesting counterregulatory activa-
tion of baroreceptors.

The atrial natriuretic peptide–dependent decrease
in blood pressure results in part from a reduction in
cardiac preload caused by shifting of intravascular
fluid into the extravascular compartment (Fig. 3).

 

13

 

This reflects increased permeability of the vascular en-
dothelium and perhaps increased hydraulic pressure in
the capillary bed. However, extravasation of fluid into
the extravascular compartment is not the sole mecha-
nism for the reduction in preload. Atrial natriuretic
peptide increases venous capacitance and promotes a
natriuresis that reduces extracellular-fluid volume. The
latter results from the direct effects of atrial natriuret-
ic peptide on the kidney (see below) and from sup-
pression of the renin–angiotensin–aldosterone axis.

 

14

 

Atrial natriuretic peptide reduces sympathetic tone
in the peripheral vasculature. This reduction is prob-
ably caused by dampening of baroreceptors, by sup-
pression of the release of catecholamines from auto-
nomic nerve endings, and especially by suppression of
sympathetic outflow from the central nervous sys-
tem.

 

15,16

 

 Atrial natriuretic peptide lowers the activation
threshold of vagal afferents, thereby suppressing the
reflex tachycardia and vasoconstriction that accompa-
ny the reduction in preload and ensuring a sustained
decrease in mean arterial pressure.

 

Figure 1.

 

 Amino Acid Sequences of the Three Human Natriuretic Peptides.
The bracket shows the location of the cystine bridges present in each peptide. The major natriuretic peptide receptors (NPRs) to
which each peptide binds are listed on the right. ANP denotes atrial natriuretic peptide, BNP brain natriuretic peptide, and CNP C-type
natriuretic peptide.
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Brain natriuretic peptide has cardiovascular effects
very similar to those of atrial natriuretic peptide.
C-type natriuretic peptide is a more potent dilator of
veins than the other two peptides.

Each natriuretic peptide has antimitogenic activity
in both the cardiovascular system and other organ
systems. Atrial natriuretic peptide and C-type natri-
uretic peptide inhibit mitogenesis in cultured vascu-
lar cells and in balloon-injured carotid arteries in
rats,

 

17,18

 

 mainly through a cGMP-dependent mecha-
nism. This implies that the natriuretic peptides may
modulate growth within the vascular wall in disor-
ders such as atherosclerosis, hypertension, and post-
angioplasty restenosis.

 

Renal Actions

 

The natriuretic and diuretic actions of natriuretic
peptides are due to both renal hemodynamic and di-
rect tubular actions (Fig. 3). The increase in renal

blood flow caused by atrial natriuretic peptide does
not last as long as the natriuretic action, suggesting
two separate effects. Atrial natriuretic peptide stim-
ulates dilatation of afferent renal arterioles and con-
striction of efferent arterioles, leading to increased
pressure within the glomerular capillaries.

 

19

 

 This in-
creased pressure causes increased glomerular filtration.
The peptide also increases the accumulation of cGMP
in mesangial cells, which relaxes these cells and there-
by increases the effective surface area for filtration.

 

20,21

 

However, plasma concentrations of atrial natriuretic
peptide that do not increase the glomerular filtration
rate cause natriuresis, indicating that the peptide has
direct tubular actions. The latter could involve locally
produced natriuretic peptides (e.g., urodilatin) act-
ing by a paracrine mechanism

 

6

 

 or systemic atrial na-
triuretic peptide. Atrial natriuretic peptide can inhibit
angiotensin II–stimulated sodium and water trans-
port in proximal convoluted tubules.

 

22

 

 In cortical col-

 

Figure 2.

 

 Action of Atrial Natriuretic Peptide at Target Cells.
Atrial natriuretic peptide (ANP) binds to natriuretic peptide receptor A (NPR-A) and, in an ATP-dependent fashion, stimulates the
intrinsic guanylyl cyclase activity of the receptor. Cyclic guanosine monophosphate (cGMP) exerts its biologic effects indirectly
through cGMP-dependent protein kinase G or one or more phosphodiesterases (PDEs), or by direct action on effectors such as
amiloride-sensitive sodium channels in the kidney. ATP dependence requires the kinase-like domain (KLD) of the receptor. Atrial
natriuretic peptide also binds to natriuretic peptide receptor C (NPR-C), after which it is internalized and degraded. The C receptor
may also have independent signaling functions. Finally, atrial natriuretic peptide may be degraded by the extracellular neutral
endopeptidases (NEPs) in the kidney and vasculature. GTP denotes guanosine triphosphate.
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lecting ducts, it inhibits tubular water transport by
antagonizing the action of vasopressin.

 

23

 

 In the inner
medullary collecting duct, it stimulates cGMP pro-
duction and blocks sodium absorption.

 

24-27

 

In humans, infusions of atrial or brain natriuretic
peptide at doses that raise their plasma concentra-
tions slightly above normal result in diuresis and na-
triuresis, unrelated to changes in blood pressure.
These infusions reduce plasma renin and aldosterone
concentrations and inhibit angiotensin II–stimulat-
ed aldosterone secretion.

 

13

 

 C-type natriuretic pep-
tide also inhibits aldosterone secretion, but it has
little effect on arterial pressure or salt and water ex-
cretion.

 

28,29

 

 Urodilatin, the unique renal atrial natri-
uretic peptide, stimulates diuresis and natriuresis at
doses lower than the doses of atrial natriuretic pep-

tide required to produce diuresis and natriuresis.

 

30 

 

It
appears to be more resistant to endopeptidase inac-
tivation, which perhaps explains its relative potency
and suggests an advantage over atrial natriuretic pep-
tide as a therapeutic agent.

Studies using HS-142-1, a competitive antagonist
of natriuretic peptide in binding to receptor A or
B, provide additional support for the importance of
these peptides in renal function.

 

31

 

 In normal animals
or in animals with experimentally induced heart fail-
ure, this drug blocks natriuretic peptide–induced na-
triuresis and diuresis, increases renal vascular resist-
ance, and increases plasma renin, aldosterone, and
catecholamine concentrations.

 

32-35

 

 Similarly, the drug
reduces renal plasma flow and glomerular filtration in
diabetic or cirrhotic rats with ascites.

 

36,37

 

 These results

 

Figure 3.

 

 Physiologic Effects of Natriuretic Peptides Released from the Heart When Venous Return Is Increased.
Increased secretion of the natriuretic peptides reduces blood pressure and plasma volume through coordinated actions in the brain,
adrenal gland, kidney, and vasculature. The minus sign indicates that a decrease in plasma volume leads to a decrease in venous
return, which in turn decreases the secretion of the natriuretic peptides. URO denotes urodilatin; NEP neutral endopeptidase; CNP
C-type natriuretic peptide; NPR-A, NPR-B, and NPR-C natriuretic peptide receptors A, B, and C, respectively; AVP arginine vasopres-
sin; ANP and BNP atrial and brain natriuretic peptides, respectively; GFR glomerular filtration rate; U

 

Na

 

V urinary sodium excretion;
UV urinary volume; and BP blood pressure. The receptors that mediate the functions of the natriuretic peptides are indicated in
parentheses.
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imply that natriuretic peptides may have a role in the
pathogenesis of renal dysfunction in these disorders.

 

Actions on the Central Nervous System

 

Although plasma atrial natriuretic peptide and
brain natriuretic peptide do not cross the blood–
brain barrier, they reach sites in the central nervous
system outside this barrier (e.g., the subfornical or-
gan, hypothalamic median eminence, and area pos-
trema). All three natriuretic peptides, particularly
C-type natriuretic peptide, are produced in the brain.
Pressor hormones or amines such as endothelin,

 

38

 

vasopressin,

 

39

 

 and norepinephrine,

 

40

 

 but not angio-
tensin II, stimulate the release of atrial natriuretic
peptide from cultured hypothalamic neurons. The
actions of the natriuretic peptides in brain reinforce
those in the periphery (Fig. 3). For example, the pe-
ripheral natriuretic effects are amplified by the cen-
tral inhibition of salt appetite and water drink-
ing,

 

41,42

 

 which complements the renal diuretic effects
of the peptide. Furthermore, atrial natriuretic pep-
tide inhibits the secretion of vasopressin and, in
some studies, corticotropin through effects on the
brain and pituitary.

 

43

 

 Each of these effects implies
coordinated central and peripheral actions in con-
trolling fluid and electrolyte homeostasis.

Natriuretic peptides act in the brain stem to de-
crease sympathetic tone.

 

15,16,44

 

 In rats with genetic
forms of hypertension, inhibiting the actions of en-
dogenous atrial natriuretic peptide in the nucleus
tractus solitarii further elevates blood pressure, sug-
gesting that the peptide has a role in the tonic reg-
ulation of cardiovascular baroreceptor signal to this
region of the brain.

 

16

 

The mechanism of action of atrial and C-type na-
triuretic peptides in brain may best be explained by
the distribution of receptor subtypes. The natriuretic
peptide C receptor is found throughout the central
nervous system, perhaps reflecting its antigrowth ef-
fects in glia.

 

45

 

 The A receptor predominates in areas
adjacent to the third ventricle that are not separated
from the blood by the blood–brain barrier, a position
that allows binding of circulating atrial natriuretic
peptide as well as of centrally produced peptide.

 

46

 

This receptor appears to mediate the effects of atrial
natriuretic peptide on salt appetite and water drinking.
Natriuretic peptide B receptors predominate in the
hypothalamus and other rostral brain regions, where
the peptides inhibit secretion of arginine vasopressin
and paradoxically stimulate sympathetic tone.

 

PATHOPHYSIOLOGY

 

Cardiovascular Disease

 

The natriuretic peptides clearly defend against ex-
cess salt and water retention. Rats immunized against
their own atrial natriuretic peptide cannot excrete a
water load normally.

 

47

 

 The roles of these peptides are

perhaps best defined in patients with congestive heart
failure. The cardiac hypertrophy that accompanies
myocardial failure leads to increased ventricular pro-
duction of atrial natriuretic peptide and brain natriu-
retic peptide. Their release into plasma is further
stimulated by stretching of the failing atrial and ven-
tricular myocardium and by elevated plasma concen-
trations of angiotensin II and endothelin-1.

In animals with congestive heart failure, the secre-
tion of atrial natriuretic peptide inhibits the produc-
tion of catecholamines, angiotensin II, aldosterone,
and endothelin-1, and infusion of antagonists of na-
triuretic peptide A or B receptor (e.g., HS-142-1)
results in marked increases in the plasma concentra-
tions of these hormones.

 

35

 

 The volume-contracting
and vasodilative properties of atrial natriuretic peptide
reduce systemic vascular resistance, decrease intra-
cardiac filling pressure, and improve myocardial per-
formance. As shown in vitro, atrial natriuretic peptide
inhibits the growth of cardiac fibroblasts,

 

48

 

 poten-
tially limiting the proliferative remodeling of the
heart by retarding collagen deposition. Atrial natri-
uretic peptide can also induce cardiac myocyte apop-
tosis.

 

49

 

 Thus, through both direct actions and indirect
actions (i.e., afterload reduction), the natriuretic pep-
tides potentially limit the myocardial proliferative or
hypertrophic response to injury or ischemia.

Patients with congestive heart failure have high
plasma concentrations of atrial and brain natriuretic
peptides. The concentrations are correlated with the
extent of ventricular dysfunction, rising by as much
as a factor of 30 in patients with advanced heart dis-
ease (New York Heart Association class IV).

 

50

 

 In-
creasing plasma natriuretic peptide concentrations are
correlated with the development of cardiac arrhyth-
mias and the degree of hemodynamic compromise,
and high concentrations predict poor long-term sur-
vival.

 

51

 

 Plasma brain natriuretic peptide concentra-
tions may correlate with outcome more closely.

 

52

 

 The
role of C-type natriuretic peptide, if any, in heart
failure is not known.

In early left ventricular dysfunction, activation of
the renin–angiotensin–aldosterone system and renal
sympathetic nervous system is inhibited by atrial na-
triuretic peptide. Blocking this action of the pep-
tides results in accelerated progression to overt heart
failure,

 

53

 

 further indicating the importance of atrial
natriuretic peptide in maintaining renal perfusion and
urine flow. However, renal responsiveness to na-
triuretic peptides decreases as heart failure worsens,
even as the plasma concentrations of the peptides
rise. This probably reflects changes in renal hemody-
namics and a combination of receptor down-regula-
tion and increased cGMP phosphodiesterase activi-
ty.

 

54

 

 This decreased responsiveness leads to enhanced
local actions of angiotensin II and the sympathetic
nervous system in the kidney, resulting in salt reten-
tion and further deterioration of cardiac function.

 

55
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Similarly, relative unresponsiveness to endogenous
atrial natriuretic peptide may also contribute to the
volume overload associated with acute renal failure.

 

Hypertension

 

Studies in rodents have defined the role of the
natriuretic peptides in preventing the development
of hypertension. Transgenic mice overexpressing the
genes for atrial natriuretic peptide

 

56

 

 or brain natriu-
retic peptide

 

57

 

 have plasma natriuretic peptide con-
centrations that are at least 10 times higher than
those in normal littermates, and their systolic blood
pressure is 20 to 30 mm Hg lower. Transgenic mice
overexpressing atrial natriuretic peptide do not de-
velop pulmonary hypertension when exposed to
chronic hypoxia, a finding that implicates this pep-
tide in the defense against this disorder.

Findings in mice with inactivation of the gene for
atrial natriuretic peptide are also evidence that this
peptide has a role in the defense against elevated
blood pressure. Animals with homozygous inactiva-
tion of the atrial natriuretic peptide gene that are fed
a low-salt diet have slightly elevated basal blood pres-
sure, and it rises markedly when they are fed more
salt.

 

58

 

 Heterozygotes have normal basal blood pres-
sure, but it rises when they are fed a very high salt diet.

Therefore, even partial deficiency of atrial natriu-
retic peptide impairs the ability to maintain normal
blood pressure. The renal and electrolyte response to
salt loading is not greatly impaired in either homozy-
gotes or heterozygotes, however, indicating compen-
sation for the loss of these atrial natriuretic peptide
actions in the kidney.

 

59

 

 The ability of atrial natriuretic
peptide to defend against salt-induced hypertension
probably reflects several actions, including natriuresis,
vasodilatation, and inhibition of sympathetic tone.

 

15

 

Cardiac enlargement is routinely found in ho-
mozygous atrial natriuretic peptide knockout mice.
Thus, deficiency of atrial natriuretic peptide may
amplify the humoral or local cardiac-growth–stimu-
lating effects of hypertension in these animals.

Disruption of the natriuretic peptide A receptor in
mice also leads to hypertension, but the phenotype
differs from that of atrial natriuretic peptide knock-
out mice. Mice with inactivation of the A receptor
gene have elevated basal blood pressure, but do not
respond to salt loading with additional increases in
blood pressure.

 

60

 

 Additional studies in these animals
suggest that atrial natriuretic peptide acts through
the A receptor in the kidney to excrete sodium and
water after volume expansion.

 

61

 

The differences in blood-pressure response to salt
loading in the two types of mice suggest that in mice
lacking atrial natriuretic peptide, another natriuretic
peptide (brain natriuretic peptide?), presumably act-
ing through the A receptor, prevents hypertension
under low-salt conditions. This compensation would
be missing in natriuretic peptide A receptor knock-

out mice. In the latter mice, high blood pressure in
the basal state may activate regulatory mechanisms
that prevent further elevations after salt loading.
Whether mutations of the natriuretic peptides or
their receptors contribute to the development of
hypertension in humans is not known.

Natriuretic peptides clearly have a role in the re-
sponse to increased sodium retention caused by an
excess of mineralocorticoids. When aldosterone is hy-
persecreted or exogenous mineralocorticoid is ad-
ministered, sodium is retained for only a few days,
after which there is escape from the sodium-retain-
ing action of the mineralocorticoid. The concen-
tration of plasma atrial natriuretic peptide, but not
of brain natriuretic peptide, rises coincident with
escape.

 

62

 

 Administration of HS-142-1 to rats sig-
nificantly impairs urinary salt and water excretion
and amplifies the increased blood-pressure response
after the administration of exogenous mineralocorti-
coid.

 

34,62

 

 Collectively, these findings identify an im-
portant role of atrial natriuretic peptide in defending
against mineralocorticoid-induced and salt-induced
hypertension.

 

THERAPEUTIC USES

 

Several studies in humans have examined the effi-
cacy of atrial natriuretic peptide in the treatment of
disorders as divergent as hypertension, renal insuffi-
ciency, and congestive heart failure. Administration
of atrial natriuretic peptide reduces blood pressure
and promotes sodium excretion in patients with es-
sential hypertension.

 

63

 

 It also lowers blood pressure
and improves central hemodynamics (including the
cardiac index) in patients with chronic heart failure.

 

64

 

Atrial natriuretic peptide, in the form of anaritide
(amino acid fragment 102 to 126), has been investi-
gated as therapy in patients with acute renal failure.
In a multicenter, randomized, placebo-controlled
trial involving 504 critically ill patients with acute
renal failure, the patients with oliguric renal failure
had improved dialysis-free survival 21 days after
treatment.

 

65

 

 However, for the group as a whole, atri-
al natriuretic peptide did not improve dialysis-free
survival, and in patients with nonoliguric renal fail-
ure it may have been detrimental.

A number of neutral endopeptidase inhibitors ca-
pable of inhibiting the degradation of atrial natriu-
retic peptide have been developed, including several
that are active when taken orally. Treatment of humans
with these inhibitors leads to the expected increase
in plasma atrial natriuretic peptide concentrations
and sodium excretion. In patients with chronic con-
gestive heart failure, administration of the neutral
endopeptidase inhibitor candoxatrilat significantly
increased sodium excretion.

 

66

 

 The magnitude of the
effect was closely related to base-line cardiac output,
implying that the maintenance of renal perfusion is
important for drug efficacy. There was also a sus-
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tained drop in left and right atrial pressures mediated,
at least in part, by the inhibition of neurohormonal
activity. Paradoxically, one group found that higher
doses of candoxatrilat induced systemic vasocon-
striction rather than vasodilatation, with an increase
in systemic vascular resistance and a decrease in the
cardiac index.

 

67

 

 Because neutral endopeptidase in-
hibitors impair the degradation of angiotensin II,
inhibitors of angiotensin-converting enzyme or angi-
otensin II receptor may augment the beneficial effects
of neutral endopeptidase inhibitors when given in
combination with them. The overall evidence to date
suggests that these drugs are likely to be beneficial
in selected patients with congestive heart failure.

 

CONCLUSIONS

 

The natriuretic peptides defend against excess salt
and water retention, inhibit the production and ac-
tion of vasoconstrictor peptides, promote vascular
relaxation, and inhibit sympathetic outflow. These
actions lead to a reduction in blood pressure that is
most apparent in states of volume excess. These pep-
tides may also restrain cardiac growth or the devel-
opment of compensatory cardiac hypertrophy. By
binding to all three classes of receptors, the natriu-
retic peptides act in concert to regulate cardiovascu-
lar function. Administration of natriuretic peptides
and maneuvers that enhance their cellular actions or
prevent their degradation continue to be evaluated
for therapeutic efficacy in patients with heart failure
and may be useful in other states of excessive intra-
vascular volume. If successful, manipulating the na-
triuretic peptide environment may form the basis for
new strategies to control the manifestations of car-
diovascular disease.
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