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Summary: In order to elucidate biosynthesis and secretion of natriure-
tic peptides in the early phase of acute myocardial infarction (AMI), we
measured the plasma level of brain natriuretic peptide (BNP), a novel
cardiac hormone secreted fram the ventricle, in patients with AMI and
compared with that of atrial natriuretic peptide (ANP). The plasma level
of BNP increased rapidly (within hours fram the onset of AMI) and mark-
edly (>100 times the normal level) as compared to that of ANP. The
plasma ANP level correlated with pulmonary capillary wedge pressure
(PCWP), whereas the plasma BNP level did not correlate with PCWP but
highly correlated inversely with cardiac index. These results indicate
that BNP is secreted from the heart much more acutely and prominently
than ANP in the early phase of AMI, in association with left ventricular
dysfunction. © 1991 Academic Press, Inc.

Brain natriuretic peptide (BNP) was first isolated fram the porcine
brain (1) as a possible neuropeptide, but subsequent studies have indi-
cated that BNP is a cardiac hormone synthesized and secreted predomi-
nantly by the ventricle and constitutes a natriuretic peptide family in-
volved in cardiovascular hameostasis together with atrial natriuretic
peptide (ANP) derived mainly from the atrium (2-12). We previously
demonstrated that, although the normal plasma level of BNP (0.9 fmol/ml)
is below one-sixth of that of ANP (6.4 fmol/ml), the plasma BNP level
increases much more markedly than the ANP level in chronic congestive
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Abbreviations: BNP, brain natriuretic peptide; ANP, atrial natriuretic
peptide; AMI, acute myocardial infarction.
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heart failure (CHF), suggesting a discrete pathophysiological role of
BNP in a dual cardiac natriuretic peptide system (8-10).

It has been reported that the plasma ANP level increases several-
fold following acute myocardial infarction (AMI) both in humans (13) and
in animal models (14), in close relation to atrial pressure (13) and
infarct size (14). However, there have been same controversies on the
change of the plasma ANP level during the very acute phase of 2aMI (15),
and biosynthesis and secretion of natriuretic peptides in the early
phase of AMI remain unclarified. In the present study, using specific
radioimmunoassays (RIAs), we investigated the change in plasma lewvels of
BNP and ANP in patients with AMI.

MATERTALS AND METHODS

Peptides: Synthetic human BNP (hBNP[77-108]) and [Tyr82]-hENP [83-108]
were donated fram Professor H. Matsuo at the National Cardiovascular
Center, Suita, Japan. o -Human ANP (q-hANP, or human ANP[99-126]) was
purchased from Peptide Institute, Inc., Minoh, Japan.

Plasma samples: Plasma samples were obtained fram 13 consecutive pa-
tients (11 men, 2 women; aged 40 to 85 years) with AMI within 10 hours
from the oneset of chest pain and thereafter ewvery 4-24 hours over 4
days. Eight patients had anterior AMI, 4 inferior AMI and 1 posterolat-
eral AMI. None had evidence of renal insufficiency. Blood was withdrawn
from the antecubital or femoral vein in a recumbent position, immediate-
ly transferred to chilled siliconized glass tubes containing Na,EDTA
(Img/ml) and aprotinin (1,000 KIU/ml, Ohkura Pharmaceutical, Kyoto,
Japan), and centrifuged at 4°C. Plasma was immediately frozen and stored
at -20°C until assay.

Hemodynamic and biochemical measurements: Hemodynamic measurements were
performed throughout the course with the Swan-Ganz catheter placed
immediately after admission in all patients. According to Forrester's
classification (16), 7 patients were classified as subset I, 3 as subset
II, 2 as subset III, and 1 as subset IV. Serum creatine kinase (CK) and
CK-MB activities were measured by Autoanalyzer.

RIA for BNP: The RIA for was performed as described previously in
detail (10). In brief, [Tyr 2]—hBNP [83-108] was 5 'oiod'aated by the
chloramine T method. The specific activity of [12°I][ ]-hBNP [83-
108] ranged fram 500 to 900 uCi/pg. The monoclonal antibody named KY-
hBNP-I recognized the ring structure of hBNP. The cross-reactivity with
0-hANP in this RIA was <0.005% on a molar basis. The minimal detectable
conc7ntration of BNP-like immnoreactivity (BNP-LI) in plasma was 10
fmol/ml.

RIA for ANP: The RIA for ANP was carried out as already reported
(17,18). This RIA recognized the carboxy-terminal portion of o-hANP, ¢ -
ANP [17-28]. The cross-reactivity with hBNP was <0.01% on a molar basis.

Statistical analysis: Data were expressed as means + SE. Statistical
analysis was performed using Student's t test or Duncan's multiple range
test when appropriate. Linear regression analysis was used to determine
correlations between results.
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RESULTS AND DISCUSSTON

Serial dilution curves of plasma samples in the RIA for ENP were
parallel to the standard curve of hBNP. Figure 1 shows time courses of
plasma BNP-LI and ANP-LI levels and serum CK activity after onset of
AMI in 4 representative cases with various degrees of severity. In
patients of Forrester's subset I without heart failure, plasma BNP
levels increased within 2-24 hours after onset, reached a peak value of
at least 20 times the normal plasma BNP level arocund 24 hours after
onset, and then declined gradually, as represented by Case 1 in Fiqure
1. In contrast, the plasma ANP level showed no or modest (within sever-
al-fold) increase. There was no significant difference in the peak value
or time course of plasma BNP as to the site of infarction. The augmenta-
tion of the plasma BNP level was much more marked in patients with heart
failure (Forrester's subsets II-IV). In Case 2, although there was a
substantial elevation of the plasma ANP level during transient atrial
fibrillation (Af), the plasma BNP level then began to increase and
exceeded the ANP level as overt CHF developed. Other patients of For-
rester's subset II also showed a considerable increase of plasma BNP. In
patients of Forrester's subset III, the plasma BNP level showed a marked
increase (200-300 times the normal level) with a rapid onset, although
the plasma ANP lewvel was only slightly higher than the normal range
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Figure 1. Plasma BNP, ANP, and serum CK levels in patients with AMI
during the first 4 days after onset.
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Table 1

Peak plasma BNP, ANP, and serum CK levels and
hemodynamic parameters in patients with AMI

Forrester's subset I II IITI or IV

No. of patients 7 3 3

BNP  (fmol/ml) 64 + 31 98 + 45 233 + 52°

ANP  (fmol/ml) 39 + 14 103 + 22* 73 + 18

K (U/1) 1854 + 339 2619 + 229 1690 + 545
CK-MB (U/1) 199 + 46 214 + 7 167 + 56

PCWP  (mmég) 7.6 + 1.2 19.3 + 1.3 12,3 + 5.5

CI  (I/min/m?) 3.0 + 0.1 3.2 + 0.2 1.9 + 0.2%% T

BNP, ANP, CK and CK-MB lewels are represented by their peak values-
within 2 days from the onset of AMI. Pulmonary capillary wedgepres
sure (PCWP) and cardiac index (CI) were expressed by their represen-
tative values among multiple measurements during the first 2 days by
which patients were thus classified.

Values are means + SE.

* p¢0.05, ** p<0.01 vs. values in subset I.

+ p<0.01 vs. values in subset II.

(Case 3). In a patient of Forrester's subset IV (Case 4),. the plasma
BNP level also increased acutely and praminently during the first 24
hours, vhile the plasma ANP level remained almost constant.

Table 1 summarizes peak plasma BNP, ANP, and serum CK levels and
hemodynamic parameters during the first 2 days. When campared with
normal levels (8-10), the increase of the BNP level in patients of
Forrester's subset I averaged 70 times, and was much more praminent than
that of the ANP lewel (6 times). The peak BNP lewvel was maximally
elevated in patients of Forrester's subset III or 1V, while the peak ANP
level was the highest in those of subset II. The peak plasma ANP level
correlated significantly with time-matched pulmonary capillary wedge
pressure (PCWP) (r = 0.58, p<0.05), but not with cardiac index (CI) (r =
-'0..16).,‘ In contrast, the peak BNP level showed a highly inverse corre-
lation with time-matched CI (r = -0.81, p<0.01), while it did not corre-
late with PCWP (r = -0.25). The peak BNP or ANP level did not show
significant correlations with heart rate, blood pressure, peak CK or CK-
MB level, or cummulative CK-MB release. These results indicate that the
augmented plasma level of BNP is associated with impaired left ventricu-
lar performance, while that of ANP is related to increased cardiac
filling pressure.

The present study demonstrates that the plasma level of BNP in-
creases acutely and much more praminently than that of ANP in the early
phase of AMI. Since BNP is secreted predaminantly from the ventricle
(6,10-12), being in contrast to ANP derived mainly fram the étrium, it
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is well conceivable that the plasma BNP level reflects left ventricular
function more properly than ANP, The plasma BNP level was augmented
more than 100 times the normal level in patients with heart failure
following AMI, even in those with no or modest increase of the plasma
ANP level. Our unpublished observations in rat AMI models show the
results on both BNPMRNA in the ventricle and plasma BNP consistent with
the result in the current study. These findjngs indicate that the regu-
lation of synthesis and secretion of BNP in the heart of AMI differs
from that of ANP. Rapid change of the BNP synthesis and secretion may,
in part, be attributed to a unique structure of the BNP gene, having the
AT-rich sequence implicated in mRNA instability in its 3'-untranslated
region (19), v_)hich is lacking in the ANP gene.

Another important finding in this study is a notable increase of
plasma BNP level in patients without heart failure (Forrester's subset
I). This raises the possibility that the synthesis and secretion of BNP
could be stimulated by myocardial necrosis and/or local mechanical
stress on ventricular cardiocytes even when global hemodynamic parame-
ters are within normal ranges, suggesting that BNP may serve as a useful
marker of subclinical left ventricular dysfunction in AMI. Further
studies are ongoing in our laboratory to clarify the difference in
mechanisms of synthesis and secretion between BNP and ANP, and the
pathophysiological role of increased plasma BNP in acute heart failure
including AMI.
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