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The cardiac natriuretic peptides (NP)
atrial natriuretic factor (ANF) (7,8) and
brain natriuretic peptide (BNP)(17) are
polypeptide hormones synthesized,
stored and secreted by cardiac muscle
cells (cardiocytes). These hormones are
released from storage sites found in the
atria of all mammals.

The biological properties of NP include
the modulation of intrinsic renal
mechanisms, the sympathetic nervous
system, the renin-angiotensin-
aldosterone system and other
determinants of cardiovascular
homeostasis. In addition, NP have potent
growth regulatory actions on vascular
smooth muscle.(7) Owing to these
properties, the NP limit increases in
extracellular fluid volume and blood
pressure. The biological actions of NP
are predominantly mediated through
increases in ¢cGMP in target cells via
guanylyl cyclase-coupled receptors. Both
ANF and BNP are agonists of the type A
NP receptor. Intracellular ¢cGMP
receptors include ¢cGMP-dependant
protern kinases, cGMP-gated ion
channels and ¢cGMP-regulated cyclic
nucleotide phosphodiesterases.(2,16)
Steady-state NP circulating levels are
maintained by a balance between their
rate of production, their clearance by a
clearance receptor, and neutral
endopeptidase activity, which 1is
particularly abundant in the brush
border of the proximal convoluted
tubules of the kidney.

Both ANF and BNP are synthesized
by cardiocytes as preprohormones that
are enzymatically processed to yield
prohormones and, ultimately, hormones
that are released into the circulation. In
humans (Fig. 1), the prohormones
proANF is a polypeptide that contains
126 amino acids (ANF, ) that is processed
to ANF, (N-terminal ANF = NT-ANF) and
ANF,__ (C-terminal ANF = CT-ANF). The
latter is the biologically active portion.
Human proBNP, on the other hand, is
108 amino acids long and it is processed
to BNP__ (N-terminal BNP = NT-BNP) and
BNP  __ (C-terminal BNP = CT-BNP).
Similarly to CT-ANF, CT-BNP is the
biologically active peptide. These latter
fragments are rapidly cleared from the
circulation while their N-terminal
portions have comparatively longer half-
lives. From the clinical point of view
therefore, the N-terminal fragments may
best integrate events over time.

In pathophysiological states of the
ventricular muscle such as hypertrophy,
failure and inflammation, ventricular
cardiocytes re-express their fetal capacity
to produce ANF and BNP. However, even
in pathophysiological states the main
sources of NP are the atria and not the
ventricles as claimed by BNP by some
workers. Indeed, experimental data
shows that the content of ANF and BNP
as well as that of their respective mRNAs
in atrial tissue is several orders of
magnitude larger in atria than it is in
the ventricles in both the normal and
hhypertrophic ventricles even when
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taking into account the much larger
mass of the ventricles (28). In addition,
cardiac catetheterization studies in
humans (24) show that atrial-derived
peptide contributes significantly to the
elevation of plasma BNP level, reflecting
atrial pressure and volume loading in left
ventricular hypertrophy.

Much work has accumulated in
recent years establishing the usefulness
of determining plasma levels of ANF and
BNP to help diagnose several cardiac
pathologies. Results of this work clearly
demonstrate the desirability of
implementing the measurement of these
hormones in the clinical setting from the
diagnostic, prognostic, therapeutic
efficacy and economic points of view.

Natriuretic  Peptides and
Cardiovascular Disease

Soon after the development of specific
and sensitive radioimmunoassays (RIAs)
for ANF in plasma, it was apparent that
the circulating levels of this hormone
were significantly elevated in a variety of
clinical conditions, all of which were
underlain by an increase in pressure or
volume load on the heart. It was further
established that the plasma levels of CT-
ANF were, in general, proportional to the
degree and duration of this overload.
Thus the highest circulating plasma ANF
levels were associated with long-standing
essential hypertension and in chronic
congestive heart failure classes III and
IV. A similar historical development may
be found for BNP, for which the
development of a RIA demonstrated that
elevated levels of circulating BNP were
an indication of long-standing pressure
or volume overload. Further, in the case
of BNP a strong induction of the gene
expression for these peptides was
observed in the hypertrophied ventricle
resulting in a relatively larger elevation
of plasma BNP levels than those of ANF
although, in absolute terms, circulating
levels of ANF remain larger than those of
BNP.

Having been established that
important clinical entities are
accompanied by changes in ANF and
BNP gene expression, several clinical
Investigators have explored the
possibility that ANF and BNP plasma
levels may be used as diagnostic or
prognostic indicators of cardiovascular
disease. ANF plasma levels were used to
establish long term prognosis after
myocardial infarction MI(12), to stratify
patients in terms of response to ACE
inhibition post MI(23) and to
demonstrate asymptomatic left
ventricular dysfunction(1,15). Richards
et al.(25) found a good correlation
between plasma CT-ANF and cardiac
output in elderly patients and further
showed that plasma CT-ANF was a
prognostic indicator of those who would
subsequently develop chronic heart
failure. Similarly, Davis et al.(6) showed
that in the elderly, CT-ANF plasma levels
identifies subjects at risk of CHF allowing
for appropriate focussing of medical
resources for the prevention, early
detection and treatment of this
syndrome. At the Mayo Clinic, Lerman
et al.(15) have shown that NT-ANF is a
highly sensitive marker for symptomless
left ventricular dysfunction. Motvany et
al(23) have shown that CT-BNP plasma
levels identify patients with left
ventricular dysfunction who have been
Identified by the SAVE study as likely to
benefit from long term ACE treatment
after MI. In this study it was found that
plasma CT-ANF was not as predictive as
CT-BNP. The usefulness of NT-ANF
plasma levels to evaluate clinical status
was re-emphasized by a study of
Dickstein et al(10) who showed that NT-
ANF correlated better than other
variables with New York Heart
Association functional class and was
more closely associated with non invasive
measurements than New York Heart
Association functional class. Odds ratio
measurement demonstrated
substantially increased risk of left -
ventricular dysfunction and dilatation,
pulmonary hypertension and New York
Heart Association functional class 3 or 4
with increasing NT-ANF value. The
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authors concluded that the data clearly
indicated that the concentration of
proANF is related to the degree of clinical
heart failure. Moe et al(22) used NT-ANF
to characterize hormonal activation in
severe heart failure patients treated with
flosequinan and showed a significant
decline in plasma NT-ANF levels was
observed in the survivors only. The
importance of NP plasma level
measurement was re-emphasized by Hall
et al.(12) who, reporting for the
Thrombolysis in Myocardial Infarction II
investigators, showed that NT-ANF, when
measured during the first 12 h after the
onset of chest pain, is related to 1-year
mortality after MI.

Oflate, much of the attention directed
towards the clinical measurement of NP
in blood has been focused on CT- and
NT-BNP. Some of this interest is based
on the fact companies such as Roche,
Biomedica and Biosite have put in the
hands of researchers tests in a clinical
kit format. Further, the development of
these tests by industry is related to
patent positions either in terms of
peptide sequence or applications. Atany
rate, the results obtained are just as
promising as those mentioned earlier
that were carried out using RIAs. Maisel
et al.(3,4,14,18,20) have evaluated the
usefulness of rapid BNP tests
measurements and have concluded that
these tests are excellent screening tools
to screen for LV systolic or diastolic
dysfunction and may preclude the need
for echocardiography in many patients.
The diagnosis and titration of therapies
in CHF and in the prediction of outcomes
in patients admitted for decompensated
heart failure. The prognostic value of
BNP in acute coronary syndromes was
demonstrated by De Lemos et al.(9) who
concluded that a single measurement of
BNP within a few days of the onset of
ischemic symptoms predicts and risk
stratifies across the spectrum of acute
coronary syndromes including
myocardial infarction with and without
ST-segment elevation and unstable
angina. Talwar et al.(19) examined the
optimum time of blood sampling for NT-

BNP determination following MI and
given that they found a biphasic pattern,
they concluded that NT-BNP plasma level
was a better predictor of poor outcome
when measured later during
hospitalisation than inmediately after MI.

It is to be noted that the studies that
have compared measurements of NP with
other neuroendocrine variables such as
norepinephrine circulating levels, ANF
and BNP have shown the closest
correlation to cardiovascular functional
status (10,18). Itis tempting to speculate
that in the early stages of heart failure,
plasma renin activity and sympathetic
activity are normal because the increased
circulating levels of NP suppress them.
This might explain why NP are elevated
before other neuroendocrine variables
and why the determination of NP plasma
levels are an early and sensitive indicator
of ventricular dysfunction.

It is also important to note the
changes in NP secretion, as for example
in studies demonstrating an elevation of
plasma NP in subclinical systolic or
diastolic dysfunction(1), are distinctive
enough to make the measurements
useful in diagnosis and prognosis beyond
the group statistics, that is, they are
useful adjuncts in the evaluation of the
individual patient.

Finally, an exciting new application
for the determination of NP plasma levels
is the use of these determination of
optimal therapies in heart failure.
Troughton et al. (27) hypothesized that
since there is no objective practical guide
for the intensity of treatment in heart
failure, they made a comparison of
outcomes following either classical
clinical criteria with plasma BNP-guided
therapy. They found that BNP-guided
treatment of heart failure reduced total
cardiovascular events, and delayed time
to first event compared with intensive
clinically guided treatment.
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Critical Appraisal of the
Measurement of Natriuretic Peptide
Plasma Levels within a Clinical
Environment

Most of the studies described above
were carried out using RIAs (RIA) to
establish plasma levels of the different
peptides. RIAs can measure
substances in the picoM to femtoM (10~
- 10+ M) range. This exquisite sensitivity
though, implies slow turnaround times
and requires highly trained personnel
that routinely carries out this
methodology and that is able to maintain
a strict quality control program. In
addition, the need to carefully and
promptly handle blood specimens at 4
‘C and the need for highly specific
antibodies, radioactivity, pre-purification
from plasma and complex instruments
such as gamma counters, makes RIAs
not only expensive but nearly impossible
to establish in other than tertiary care
facilities and then, this is often
associated with research laboratories
only, where routine specimen collection
outside normal working hours is more
often than not, out of the question.

It is possible to measure at least 4 NP
fragments: NT-ANF, CT-ANF, NT-BNP
and CT-BNP (Fig. 1). The first
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consideration about these possibilities is
that no study has been conducted to
compare head to head the relative
usefulness of all four of these peptides
at the same time and in a single
population in diagnostic or prognostic
terms. Recently, Talwar et al(26)
compared the sensitivily, specificity and
positive and negative predictive value of
NP for identifying heart failure or LVSD.
However this comparison was carried
using data from different studies, which
included patient populations with
different inclusion criteria.

The NT- fragments of ANF, and that
of BNP have much longer half lives than
the biologically active CT- portions and,
therefore, are potentially more useful for
a clinical setting because: a. The plasma
levels are the products of events
integrated over a period of time thus
providing more information about
cardiovascular status than the CT-
portions that have half-lives of the order
of 5-20 min. b. The plasma levels of the
NT-portion of ANF and BNP are much
higher than those of CT-portions
allowing for the development of
technology that are less exacting and far
less expensive than RIA. c. It has been
reported that RIA (11) for NT-ANF can
be carried out without previous
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Figure 1. Circulating forms of ANF and BNP. Polyclonal antibodies and
RIAs available are indicated by the rectangles
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extractions and in blood samples that
were collected and left purposely at rocom
temperature for extended periods of time.
A similar finding was reported in a short
note for CT-BNP(5) (surprising given the
short half life of this peptide in plasma).
These findings, however, have not been
widely confirmed and many laboratories
carrying out NT-ANF determinations in
plasma still extract and treat specimens
with special precautions.

Finally, we recently(21) reported the
potential of measurement of BNP in blood
for the detection and prediction of acute
cardiac allograft rejection. It was found
that all rejection episodes receiving
treatment were accompanied by a
marked increase in BNP plasma to levels
greater than about 400 pg/mL. Steadily
increasing BNP levels preceded overt
rejection as assessed by
histopathological criteria. Treatment of
the acute rejection episodes led to a
substantial decrease of BNP plasma
levels.

In summary, the measurement of NP
levels in cardiac disease has resulted in
an improvement in several areas of care
for the cardiac patientthe cardiae
patients, in particular those afflicted with
congestive heart failure since it is now
possible to objectively diagnose it.
Perhaps the biggest value of NP plasma
values as an inexpensive screening
method is its ability to discriminate
between symptoms arising from heart
failure and those arising from other
sources like lung pathologies.
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