Clin. Cardiol. 23, 776-780 (2000)

Transient Increase in Plasma Brain (B-Type) Natriuretic Peptide after
Percutaneous Transluminal Coronary Angioplasty
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Summary

Background: Brain (B-type) natriuretic peptide (BNP) is
known to be secreted predominantly from the myocardium.
Brain natriuretic peptide plasma concentrations have been
shown to be markedly increased in patients with acute my-
ocardial infarction; however, plasma BNP response during
episodes of myocardial ischemia has not been established.

Hypothesis: This study was designed to examine plasma
BNP in patients with transient myocardial ischemia induced
by inflation of a percutaneous transluminal coronary angio-
plasty (PTCA) balloon.

Methods: Thirty consecutive patients (26 men and 4 wom-
en; mean age 61 years) who underwent PTCA, and another
49 patients (39 men and 10 women; mean age 63 years) who
underwent diagnostic coronary angiography were enrolled
in this study. Serum BNP concentrations were assayed in all
patients.

Results: Plasma BNP was increased significantly with a
peak concentration of 66.1 + 65.2 pg/ml 24 h after PTCA.
Coronary angiography did not cause plasma BNP increase
(immediately before 30.4 +29.0 pg/ml, 24 h after 33.7 + 30.6
pg/ml). No significant differences were present in hemody-
namic parameters measured immediately before and 24 h af-
ter PTCA.

Conclusion: Plasma BNP is increased by transient myocar-
dial ischemia induced by PTCA.
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Introduction

Brain (B-type) natriuretic peptide (BNP), a second member
of the natriuretic peptide family, has been isolated from por-
cine brain and has a remarkably similar sequence homology to
atrial natriuretic peptide.! Since its discovery, BNP secretion
and its physiologic activity have been gradually elucidated.
Circulating BNP is believed to be a sensitive marker of ven-
tricular overload, since BNP is synthesized and secreted pri-
marily by myocardium during a period of increased work.% 3
Several studies have shown plasma BNP elevations in patients
with heart failure or ventricular hypertrophy.*7 Brain natri-
uretic peptide acts as an acutely responsive “‘emergency” car-
diac hormone against ventricular overload.3-19 Plasma BNP
increases in the acute phase of myocardial infarction, which
results in a rapid increase in ventricular load.! -4 However, the
response of plasma BNP in patients with angina pectoris, a
condition characterized by transient myocardial ischemia, has
not been established. Percutaneous transluminal coronary an-
gioplasty (PTCA) is used widely for the treatment of ischemic
heart disease, and transient myocardial ischemia is induced
during inflation of the PTCA balloon. The present study was
designed to examine plasma concentrations of BNP over a pe-
riod of 4 days in patients undergoing PTCA in order to assess
the response to transient myocardial ischemia.

Methods
Study Patients

Thirty consecutive patients (26 men 4 women, age range
32-79, mean age 61 = 11 years), who underwent PTCA for
angina pectoris, were included in this study. Percutaneous
transluminal coronary angioplasty was performed to the left
anterior descending artery in 14 patients, the left circumflex
artery in 3 patients, and the right coronary artery in 7 patients.
In six patients, the procedure was performed simultaneously in
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two vessels. Left ventricular end-diastolic pressure in these 30
patients was 9.4 + 4.4 mmHg (range 2-17 mmHg). The collat-
eral circulation could be detected in only five patients under-
going PTCA during diagnostic coronary angiogram. Thirteen
patients (43%) who underwent PTCA had a history of hyper-
tension. A group of 49 patients (39 men and 10 women, age
range 17-78, mean age 63 + 11 years) who underwent diag-
nostic coronary angiography for angina pectoris served as
controls. Twenty-one patients (43%) who underwent diagnos-
tic coronary angiogram had a history of hypertension. Patients
with renal failure, left bundle-branch block, permanent pace-
maker, severe valvular disease, cardiomyopathy, any form of
congenital heart disease, or change in medication during the
study were excluded. This protocol was approved by the hos-
pital ethics committee. All patients signed an informed con-
sent prior to participating in the study.

Angioplasty Procedure

All patients were given ticlopidine and aspirin at a dose of
100 mg and 81 mg, respectively, twice daily from Day 2 be-
fore PTCA to 1 month after PTCA. Other cardiac medica-
tions, including calcium-channel blockers, angiotensin-con-
verting enzyme inhibitors, nicorandil, and isosorbide dinitrate
were administered at the discretion of the physician. During
PTCA, dextran (100 ml/h) and isosorbide dinitrate (0.5-1.0
pg/kg/min) were infused intravenously following the admin-
istration of heparin (100 U/kg). A PTCA balloon, selected to
match the diameter of the target vessel determined during
coronary angiography, was inflated between 110 and 660 s un-
til an adequate clinical result was obtained. Chest pain or dis-
comfort and ST-segment change of 20.1 mV in 2 two leads on
standard electrocardiogram (ECG) were observed in all of the
study patients. An average of 280 mi of iomeprol contrast me-
dium (iode 400 mg/ml) was used.

Hemodynamic Study

A Swan-Ganz catheter was inserted via the femoral vein pri-
or to PTCA and removed after 24 h. Right atrial pressure, pul-
monary arterial pressure, pulmonary capillary wedge pressure,
and cardiac index were recorded. Cardiac index was measured
in triplicate by thermodilution technique. Heart rate was moni-
tored by continuous ECG. Arterial pressure was measured us-
ing a brachial cuff. All hemodynamic parameters were mea-
sured immediately before and 24 h after PTCA in all patients.

Coronary Angiography Procedure

After intravenous heparin (3000 U), baseline hemodynamic
measurements and left ventriculography were performed us-
ing standard techniques. Coronary angiography was recorded
inmultiple angulated projections after an intracoronary admin-
istration of isosorbide dinitrate (5 mg) to visualize coronary
artery stenosis. Abdominal aortography also was performed in
27 patients to evaluate aortoiliac atherosclerotic disease. An
average of 180 ml of iomeprol was used as contrast medium.,

Blood Sampling

Blood sampling was performed at 7:00 A.M. on the day of
PTCA after an overnight fast, with the patient in the supine
position, with samples obtained immediately before and after
PTCA, and 4, 8, 12, 24, 36, 48, 72, and 96 h after the proce-
dure. In the control patients who underwent diagnostic cor-
onary angiography without PTCA, blood samples were ob-
tained immediately before and 24 h after angiography. Blood
samples were collected in ethylene diamine tetraacetic acid
(EDTA)-coated tubes containing 500 [U/ml aprotinine, im-
mediately centrifuged at 4°C, and then stored at —80°C until
analysis.

Measurement of Brain Natriuretic Peptide

The plasma concentration of BNP was measured with spe-
cific radioimmunoassay using a monoclonal antibody which
recognizes the ring structure of human BNP. Plasma BNP con-
centration was measured in 0.1 ml of plasma without an ex-
traction procedure using a highly sensitive immunoradiomet-
ric assay (IRMA) (Shionoria BNP, Shionogi, Osaka, Japan), as
reported previously.* 3 1316 The minimum detectable human
BNP s | pg/ml in this assay, and the degree of cross reactivity
with human atrial natriuretic peptide is <0.001% on a molar
basis. The intra- and interassay variations were both < 10% in
this assay system.

Statistical Analysis

Plasma BNP concentrations were compared over the time
course using two-ways analysis of variance (ANOVA) repeat-
ed measure with Scheffe’s test. Plasma concentrations of BNP
in the three coronary artery groups or two groups (patients
who underwent PTCA to one vessel or simultaneously to two
vessels) were compared using two-way ANOVA repeated
measure. Hemodynamic parameters in patients undergoing
PTCA and plasma BNP concentrations in patients undergo-
ing diagnostic coronary angiography were compared using
the paired Student’s - test. All values are expressed as mean +
standard deviation (SD) unless otherwise indicated. Statistical
significance was determined at p <0.05.

Results

Percutaneous transluminal coronary angioplasty was suc-
cessful in all patients, with no significant increase in plasma
creatine phosphokinase measured 24 h after PTCA. Plasma
BNP increased significantly from 28.4 + 25.8 pg/ml immedi-
ately prior to PTCA to a peak level of 66.1 +65.2 pg/ml 24 h
after PTCA (Fig. 1). Between the three groups undergoing
PTCA, no significant difference existed to the left anterior de-
scending artery, left circumflex artery, or right coronary artery.
The respective plasma BNP concentrations were 30.9 + 28.6,
32.4+41.6,and 25.5 £ 21.3 pg/ml immediately before PTCA,
and the peak levels were 65.7 £ 70.7, 63.4 + 78.8, and 80.1 =
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FiG. 1 The time course of plasma brain natriuretic peptide (BNP) in
patients undergoing angioplasty (PTCA) or diagnostic coronary an-
giography (CAG). Plasma BNP increased and reached a peak level
24 h after PTCA. Coronary angiography did not affect the plasma
BNP concentration. Values are expressed as mean + standard error
of the mean (SEM). * p <0.05 compared with values immediately
before PTCA.

75.3 pg/ml 24 h after PTCA. Plasma BNP in the 24 patients
undergoing single-vessel PTCA and the 6 patients undergoing
double-vessels PTCA were 31.5+30.3 and 22.7 +21.2 pg/ml
immediately before PTCA, and peaked at 69.7 +69.9 and 51.7
+42.8 pg/ml, respectively, 24 h after PTCA. The differences
between these groups were not significant. No significant cor-
relation was found between the magnitude of the plasma BNP
elevations and the duration of the PTCA balloon inflation in
any patient, or in the subgroup of patients undergoing PTCA
to the proximal left anterior descending artery (Fig. 2). Plasma
BNP measured immediately before and 24 h after the proce-
dure did not differ significantly in the control patients under-
going only diagnostic coronary angiography (Fig. 1). No sig-
nificant changes were present in the hemodymanic parameters
obtained immediately before and 24 h after PTCA (Table I).

Discussion

Several previous studies have shown that plasma BNP
increases in various types of heart disease, such as in acute
myocardial infarction. Although some of these studies have
described plasma BNP elevations in patients with angina pec-
toris, it remains unclear whether the plasma BNP concentra-
tion increases in response to transient myocardial ischemia, as
some investigators have found an increase after transient myo-
cardial ischemia, while others have not.1™-20 The present study
demonstrates that transient myocardial ischemia caused by
PTCA leads to transient increases in plasma BNP, which peak
24 h after PTCA. Prior studies have revealed that plasma BNP
increased proportional to pulmonary capillary wedge pres-
sure.?l: 22 We measured hemodymanic parameters, such as
pulmonary capillary wedge pressure, immediately prior to and
24 h after PTCA when peak BNP concentrations were detect-
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Fic.2 Correlation between the magnitude of the increase in plasma
brain natriuretic peptide (BNP) and duration of angioplasty (PTCA)
balloon inflation. (A) Scatterplot in all patients undergoing PTCA (n
= 30); (B) subgroup of patients undergoing PTCA to the proximal
left anterior descending artery (n = 19). There was no significant cor-
relation between plasma BNP concentrations and balloon inflation
time in both groups. ABNP = the magnitude of the increase in BNP
measured immediately before and 24 h after PTCA.

ed, and we found no significant differences between these two
times. This suggests that the transient increase in plasma BNP
after PTCA is not due to hemodynamic change. Percutaneous
transluminal coronary angioplasty was not performed at the

TaBLE I Hemodynamic parameters immediately before and 24 h
after percutaneous transluminal coronary angioplasty (PTCA)

Hemodynamic Before 24 hafter p
parameters PTCA PTCA Value
Systolic blood pressure

(mmHg) 125+15 123+26 0.68
Diastolic blood pressure

(mmHg) 698 67+9 0.28
Heart rate (beats/min) 71+10 70+9 0.87
Pulmonary capillary wedge

pressure (mmHg) 8+4 9+3 0.50
Systolic pulmonary arterial

pressure (mmHg) 23+7 23x7 0.84
Right atrial pressure (mmHg) 5+3 6+3 0.51
Cardiac index (I/min/m?) 3.0x06 3407 0.13
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same time of day in our study. Since previous studies have
shown no circadian variation in plasma BNP,2 we excluded
any effect of the timing of PTCA by measuring plasma BNP
early in the morning on the day of PTCA as well as immedi-
ately before the procedure (i.e., after completion of prepa-
rations such as guiding catheter insertion). Plasma BNP did
not change between these two times, suggesting that the tim-
ing of PTCA had no effect on the results. Since previous stud-
ies observed a 1.2-fold increase in plasma BNP after left heart
catheterization in patients with coronary artery disease,?* we
sought to exclude any effect of the procedures employed dur-
ing PTCA, including arterial puncture and catheter insertion,
heparin and nitrates administration, and infusion of contrast
medium in the coronary artery. We measured plasma BNP
concentrations in controls before and after coronary angiog-
raphy, which employs these procedures similar to PTCA.
Plasma BNP did not change significantly with coronary an-
giography, indicating that the cardiac catheterization proce-
dure itself has no effect on plasma BNP. The major difference
between the groups undergoing PTCA and coronary angiog-
raphy was the transient ischemia caused by the PTCA balloon;
thus, the temporary increase in plasma BNP after PTCA must
be attributed solely to this transient ischemia. These results in-
dicate that plasma BNP may potentially play a role as an index
of recent myocardial ischemia in patients with angina pectoris.

In the present study, no significant difference in plasma
BNP was observed between the three subgroups undergoing
PTCA, namely, the left anterior descending artery, left circum-
flex artery, or right coronary artery, or between the two groups
treated with either single- or double-vessel PTCA. These re-
sults demonstrate that the plasma BNP increase is not affected
by the area or volume of ischemic myocardium perfused by
the target coronary artery. Measurement of ventricular tissue
BNP concentrations in a rat coronary artery ligation model
have shown a 5-fold increase 24 h after ligation. This increase
was similar in both ischemic and nonischemic tissue, and in-
creased tissue BNP levels were observed in the right ventricle
as well,” suggesting that plasma BNP elevations result not
only from secretion in ischemic myocardium, but from release
of BNP from the entire ventricle including nonischemic my-
ocardium. This may explain why the area and volume of is-
chemic myocardium by PTCA balloon inflation had no effect
on plasma BNP elevations in the present study. We found no
correlation between the magnitude of the increase in plasma
BNP and the duration of myocardial ischemia produced by
PTCA balloon inflation. The severity of myocardial ischemia
depends on the duration of myocardial ischemia and the im-
balance between myocardial oxygen supply and demand.?
Myocardial oxygen demand is determined by heart rate, con-
tractility, and systolic wall tension.26 The blood flow supplied
by collateral circulation during PTCA balloon inflation also
influences the severity of myocardial ischemia;?’-28 thus, the
severity of ischemia is multifactorial. Although the duration of
ischemia is one of the many determinants of severity in myo-
cardial ischemia, we observed no correlation between the mag-
nitude of the increase in plasma BNP and the duration of myo-
cardial ischemia.

The present study demonstrates that plasrna BNP increases
during transient myocardial ischemia, but the mechanism in-
volved remains unclear. Several studies have shown that BNP
synthesis and secretion are stimulated by stretching of the ven-
tricular myocardium.?>-3! It has been shown that even transient
ischemia of the ventricular myocardium results in reduced wall
motion and extension of the ischemic region. The extension of
ischemia may be responsible for the elevations in plasma BNP.
Hypoxia has also been reported to increase ventricular BNP se-
cretion,3? suggesting that myocardial ischemia may elicit plas-
ma BNP elevation. However, ventricular wall stretching and
myocardial hypoxia cannot explain increases in tissue BNP in
nonischemic myocardium.? Further study is necessary to elu-
cidate the mechanisms responsible for the increases in plasma
BNP produced by transient myocardial ischemia.

Conclusion

The present study demonstrates that plasma BNP increased
and peaked 24 h after transient myocardial ischemia caused by
PTCA; however, the mechanism involved remains unclear.
Plasma BNP may potentially play arole as an index of recent
myocardial ischemia in patients with angina pectoris.

Acknowledgments

The authors would like to thank Dr. Kan Hasegawa in the
Diagnostic Science Department of Shionogi & Co., Osaka,
Japan, for his excellent technical assistance.

References

1. Sudoh T, Kangawa K, Minamino N, Matsuo H: A new natriuretic
peptide in porcine brain. Nature 1988;118:131-139

2. Hosoda K, Nakao K, Mukoyama M, Saito Y, Jougasaki M,
Shirakami G, Suga S, Ogawa Y, Yasue H, Imura H: Expression of
brain natriuretic peptide gene in human heart. Production in the
ventricle. Hypertension 1991;17:1152-1156

3. Ogawa Y, Nakao K, Mukoyama M, Hosoda K, Shirakami G, Arai
H, Saito Y, Suga S, Jougasaki M, Imura H: Natriuretic peptides as
cardiac hormones in normotensive and spontaneously hypertensive
rats. The ventricle is a major site of synthesis and secretion of brain
natriuretic peptide. Circ Res 1991;69:491-500

4. Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, Ogawa Y,
Shirakami D, Jougasaki M, Obata K, Yasue H: Brain natriuretic
peptide as a novel cardiac hormone in humans: Evidence for an
exquisite dual natriuretic peptide system, atrial natriuretic peptide
and brain natriuretic peptide. J Clin Invest 1991;87:1402-1414

5. Yasue H, Yoshimura M, Sumida H, Kikuta K, Kugiyama K, Jouga-
saki M, Ogawa H, Okumura K, Mukoyama M, Nakao K: Local-
ization and mechanism of secretion of B-type natriuretic peptide in
comparison with those of A-type natriuretic peptide in normal sub-
jects and patients with heart failure. Circulation 1994;90:195-203

6. Yoshibayashi M, Kamiya T, Saito Y, Matsuo H: Increased plasma
levels of brain natriuretic peptide in hypertrophic cardiomyopathy.
N EnglJ Med 1993;329:464-469

7. Hasegawa K, Fujiwara H, Doyama K, Miyamae M, Fujiwara T,
Suga S, Mukoyama M, Nakao K, Imura H, Sasayama S: Ventricu-



780

10.

H.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Clin. Cardiol. Vol. 23, October 2000

lar expression of brain natriuretic peptide in hypertrophic cardio-
myopathy. Circulation 1993;88:372-380

LaPointe MC, Sitkins JR: Phorbol ester stimulates the synthesis
and secretion of brain natriuretic peptide from neonatal rat ventric-
ular cardiocytes: A comparison with the regulation of atrial natri-
uretic factor. Mol Endcrinol 1993;7:1284-1296

Hanford DS, Thuerauf DJ, Murray SF, Glembotski CC: Brain na-
triuretic peptide is induced by a1-adrenergic agonists as a primary
response gene. J Biol Chem 1994;269:26227-26233

Nakagawa O, Ogawa Y, Itoh H, Suga S, Komatsu Y, Kishimoto I,
Nishino K, Yoshimasa T, Nakao K: Rapid transcriptional activation
and early mRNA turnover of brain natriuretic peptide in cardiocyte
hypertrophy. Evidence for brain natriuretic peptide as an “‘emergen-
cy” cardiac hormone against ventricular overload. J Clin Invest
1995;96:1280-1287

Mukoyana M, Nakao K, Obata K, Jougasaki M, Yoshimura M,
Morita E, Hosoda K, Suga S, Ogawa Y, Yasue H, Imura H: Aug-
mented secretion of brain natriuretic peptide in acute myocardial
infarction. Biochem Biophys Res Commun 1991:180;431-436
Morita E, Yasue H, Yoshimura M, Ogawa H, Jougasaki M, Matsu-
mura T, Mukoyama M, Nakao K: Increased plasma levels of brain
natriuretic peptide in patients with acute myocardial infarction.
Circulation 1993;88:82-91

Horio T, Shimada K, Kohno M, Yoshimura M, Kawarabayashi T,
Yasunari K, Murakami K, Yokokawa K, Ikeda M, Fukui T, Takeda
T: Serial changes in atrial and brain natriuretic peptides in patients
with acute myocardial infarction treated with early coronary angio-
plasty. Am Heart J 1993;126:293-299

Arakawa N, Nakamura M, Aoki H, Hiramori K: Plasma brain na-
triuretic peptide concentrations predict survival after acute myocar-
dial infarction. J Am Coll Cardiol 1996;27:1656—1661

Yasue H, Yoshimura M, Jougasaki M, Itoh H, Suga S, Ogawa Y,
Nakao K: Plasma levels of brain natriuretic peptide in normal sub-
jects and patients with chronic heart failure: Measurement by im-
munoradiometric assay (IRMA). Horm Clin 1993;41:397-403
Yasue H, Yoshimura M, Jougasaki M, Itoh H, Suga S, Ogawa Y,
Nakao K: Plasma levels of brain natriuretic peptide in patients with
acute myocardial infarction: Measurement by immunoradiometric
assay (IRMA). Horm Clin 1993;41:405-409

Kikuta K, Yasue H, Yoshimura M, Morita E, Sumida H, Kato H,
Kugiyama K, Ogawa H, Okumura K, Ogawa Y, Nakao K: In-
creased plasma levels of B-type natriuretic peptide in patients with
unstable angina. Am Heart J 1996;132:101-107

Wallen T, Landahl S, Hedner T, Saito Y, Masuda I, Nakao K: Brain
natriuretic peptide in an elderly population. J Intern Med 1997,
242:307-311

Arad M, Elazar Ella, Shotan Avraham, Klein Rodica, Rabinowitz
Babeth: Brain atrial natriuretic peptide in patients with ischemic
heart disease with and without heart failure. Cardiology 199687,
12-17

Selvais PL, Donckier JE, Robert A, Laloux O, van Liden F, Ahn S,
Ketelslegers JM, Rousseau MF: Cardiac natriuretic peptides for di-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

agnosis and risk stratification in heart failure: Influence of left ven-
tricular dysfunction and coronary artery disease on cardiac hor-
monal activation. Eur J Clin Invest 1998;28:636-642

Yoshimura M, Yasue H, Okamura K, Ogawa H, Jougasaki M,
Mukoyama M, Nakao K, Imura H: Different secretion patterns of
atrial natriuretic peptide and brain natriuretic peptide in patients
with congestive heart failure. Circulation 1993;87:464-469

Yasue H, Yoshimura M, Sumida H, Kikuta K, Kugiyama K, Jouga-
saki M, Ogawa H, Okumura K, Mukoyama M, Nakao K: Local-
ization and mechanism of secretion of B-type natriuretic peptide in
comparison with those of A-type natriuretic peptide in normal sub-
jects and patients with heart failure. Circulation 1994,90:195-203
Jensen KT, Carstens ], Ivarsen P, Pedersen EB: A new, fast and reli-
able radioimmunoassay of brain natriuretic peptide in human plas-
ma. Reference values in healthy subjects and in patients with differ-
ent diseases. Scand J Lab Invest 1997;57:529-540

Noll B, Goke B, Simon B, Maisch B: Cardiac natriuretic peptide
hormones during cardiac pacemakers stimulation and left heart
catheterization. Clin Invest 1992;70:1057-1060

Hama N, Itoh H, Shirakami G, Nakagawa O, Suga S, Ogawa Y,
Izuru M, Nakanishi K, Yoshimura T, Yukiya H, Yamaguchi M,
Hori R, Yasue H, Nakao K: Rapid ventricular induction of brain na-
triuretic peptide gene expression in experimental acute myocardial
infarction. Circulation 1995,92:1558-1564

Ardehali A, Ports TA: Myocardial oxygen supply and demand.
Chest 1990;98:699-705

Dohen M, Rentrop PK: Limitation of myocardial ischemia by col-
lateral circulation during sudden controlled coronary artery occlu-
sion in human subjects: A prospective study. Circulation 1986;74:
469-476

Mizuno K, Horiuchi K, Matui H, Miyamoto A, Arakawa K,
Shibuya T, Kurita A, Nakamura H: Role of coronary collateral ves-
sels during transient coronary occlusion during angioplasty as-
sessed by hemodynamic, electrocardiographic and metabolic
changes. J Am Coll Cardiol 1988;12:624-628

Kinnunen P, Vuolteenaho O, Ruskoaho H: Mechanisms of atrial
and brain natriuretic peptide release from rat ventricular myocardi-
um: Effect of stretching. Endcrinology 1993;132:1961-1970
Magga ], Vuolteenaho O, Marttila M, Ruskoaho H: Endothelin-1 is
involved in stretch-induced early activation of B-type natriuretic
peptide gene expression in atrial but not in ventricular myocytes.
Acute effects of mixed ETA/ETB and AT1 receptor antagonists in
vivo and in vitro. Circulation 1997;96:3053-3062

Liang F, Garadner D: Autocrine/paracrine determinants of strain-
activated brain natriuretic peptide gene expression in cultured car-
diac myocytes. J Biol Chem 1998;273:14612-14619

Toth M, Vuorinen KH, Vuolteenaho O, Hassinen IE, Uusimaaa P,
Leppaluoto J, Ruskoaho H: Hypoxia stimulates release of ANP and
BNP from perfused rat ventricular myocardium. Am J Physiol
1994;266:H11572-H1580



