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Adrenomedullin and myocardial contractility in the rat
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Abstract

Ž .The effects of adrenomedullin in the regulation of myocardial contractility were investigated in the rat. In papillary muscles ns6 ,
Ž . Ž . Gadrenomedullin 0.1 to 10 nM failed to show contractile effects. NO nitric oxide synthase inhibition with N -nitro-L-arginine

Ž . Ž .L-NOARG did not unmask any inotropic effect of adrenomedullin. The positive inotropic effect of isoprenaline 0.01 nM to 10 mM
Ž .was identical after adrenomedullin, after L-NOARG, and after L-NOARG plus adrenomedullin ns6 each . In field-stimulated rat

Ž . 2qventricular myocytes, adrenomedullin 1, 10, and 100 nM; ns4 each had impact neither on cell shortening nor on Ca transients. In
Ž . Ž .isolated constant-flow perfused hearts 7.3"0.3 mlrmin , adrenomedullin 1 nM, ns9; 10 nM, ns7 induced significant coronary

Ž .vasodilation y28%, y50% . In conclusion, adrenomedullin is a potent coronary vasodilator, but has no significant effects on
myocardial contractility in the rat. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Adrenomedullin, a recently identified potent endoge-
nous vasodilator and natriuretic peptide, is expressed in a
variety of cell types. Whereas the vasodilator properties

Žappear to be well characterised Kitamura et al., 1993;
.Charles et al., 1999 , controversial reports exist up to now

concerning the effects of this peptide on myocardial
contractility. In 1993, Perret et al. suggested that bolus
administration of adrenomedullin induces a mild and
short-lived direct negative inotropic effect in the in vitro

Ž .rat heart Perret et al., 1993 . A more recent study also
described a direct negative inotropic effect of adre-
nomedullin in isolated rabbit cardiac ventricular myo-
cytes. This decrease in myocyte contractility was due to a

w 2qxreduction in Ca and I and appeared to be due to ai ca
Ž .nitric oxide NO -mediated increase of intracellular cGMP

Ž .Ikenouchi et al., 1997 . In contrast to the previous publi-
cations, positive inotropic effects of adrenomedullin via

ŽcAMP-independent mechanisms Szokodi et al., 1996,
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. Ž1998 or through a cAMP-dependent pathway Ihara et al.,

.2000 have also been reported.
In order to further elucidate the effect of adrenomedullin

on myocardial contractility, we investigated the inotro-
pic effects of this peptide by different experimental
approaches using papillary muscles and isolated single
adult cardiomyocytes. In addition to the contractile state,
we determined changes in intracellular Ca2q concentra-
tions, evaluated by changes in Fluo-3 fluorescence in field
stimulated cardiomyocytes.

2. Methods

2.1. Papillary muscle

Wistar rats of 180–200 g body weight were anaes-
thetised by intraperitoneal injection of pentobarbital sodium
Ž .50 mgrkg i.p. . Hearts were excised and subjected to
retrograde perfusion with Krebs–Henseleit solution to re-
move blood elements. The Krebs–Henseleit solution con-

Ž .sisted of in mM 116 NaCl, 25 NaHCO , 1.0 CaCl , 4.03 2

KCl, 1.2 KH PO , 1.2 MgSO , 6 HEPES, and 10 glucose,2 4 4
Žand was equilibrated with 95% O r5% CO 288C, pH2 2

.7.4 . After 5 min of perfusion, the buffer was changed to
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Krebs–Henseleit solution containing 20 mM butanedione
monoxime to prevent the heart from beating during dissec-

Ž .tion of muscles. Long slack length, 3.7"0.5 mm and
Ž .thin diameter, 0.37"0.12 mm preparations were cut

along fibre directions from left ventricular papillary mus-
Žcles. Preparations were fixed to a force transducer Muscle

Research System, Scientific Instruments, Heidelberg, Ger-
. Žmany and stimulated electrically via steel tweezers bi-

.phasic rectangular pulse, 5 V, 5 ms . Experiments were
conducted at 288C in the Krebs–Henseleit buffer described
above, in isometric contraction mode at a rate of 30rmin.
Preparations were allowed to equilibrate for at least 45 min

Ž .at low preload slack position ; thereafter, they were care-
fully stretched over 20 min to the optimal length, l , atmax

which the active developed force attained a maximum.
Final preload was then adjusted to 50% of the passive
force at l and, following another equilibration period ofmax

30 min, preparations were randomly assigned to the fol-
lowing experimental groups.

( )2.1.1. Control ns6
This group served to document time dependency under

baseline conditions. Preparations were stimulated over 2 h;
thereafter, dose–response curves for isoprenaline were per-
formed to demonstrate preserved inotropic reserve. To this
end, isoprenaline concentration in perfusion buffer was
cumulatively increased every 5 min to 0.1, 1, 10, 100 nM,
1 mM, and finally to 10 mM.

( )2.1.2. Adrenomedullin ns6
Adrenomedullin concentration in perfusion buffer was

cumulatively increased every 40 min from 0.1 to 1, and to
10 nM. Dose–response curves for isoprenaline were then
constructed as described above.

( )2.1.3. AdrenomedullinqL-NOARG ns6
Since a recent study suggested that adrenomedullin has

Ža negative inotropic effect mediated by NO Ikenouchi et
.al., 1997 , responses to adrenomedullin and isoprenaline

were tested as described above, but in the presence of 100
mM L-NOARG to reveal any potential contribution of NO.

( )2.1.4. L-NOARG ns6
Preparations were stimulated over 2 h in the presence of

100 mM L-NOARG. Dose–response curves for isopre-
naline were then constructed.

( )2.1.5. Endothelin-1 ns6
Endothelin-1 is known to evoke slowly developing

Ž .positive inotropic changes Li et al., 1991 ; endothelin-1
therefore served as positive control in our study. Endothe-
lin-1 concentration in perfusion buffer was cumulatively
increased every 40 min from 0.1 to 1, and to 10 nM.

The following parameters were documented: T , peakdev

developed tension; dTrd t , maximum rate of tensionmax

development; dTrd t , maximum rate of tension decline;min

time to peak tension; and RT , time from peak tension to50

50% relaxation.

2.2. Adult field stimulated Õentricular cardiomyocyte

Adult rat cardiac myocytes were isolated as recently
Ž .described Kubin et al., 1999 . Briefly, hearts were per-

fused for 3 min with oxygenated Ca2q-free Krebs–
Ž . Ž .Henseleit buffer 378C; pH 7.4 containing in mM 110

NaCl, 2.6 KCl, 1.2 KH PO , 1.2 MgSO , 25 N-2-hy-2 4 4
X Ž .droxyethylpiperazine-N -2-ethansulfonic acid HEPES ,

and 11 glucose. After 30 min of collagenase digestion
Ž 2q .30-mM Ca and collagenase type II , the hearts were
minced and incubated for another 15 min. The following

w 2qxwashing steps increased Ca incrementally, from 200o

and via 500 to 1000 mM. Cells were layered over a 4%
bovine serum albumine gradient and turned down for 1
min at 19 g; the resulting pellet was then resuspended in

Ž .experimental buffer in mM : 117 NaCl, 2.8 KCl, 0.6
MgCl , 1.2 KH PO , 1.2 CaCl , 20 glucose, and 102 2 4 2

HEPES, pH 7.3. Typically, about 2=106 cells per rat
heart were obtained, 95% of which showed the typical
rod-shaped morphology with no blebs or granulations.

The cells were plated on four-well chamber glass slides
Ž .Nunc, Naperville, IL which had been coated with 300 ml

Ž .Laminin 10 mgrml for 1 h. After plating and a subse-
quent attachment period of 30 min, the buffer was ex-
changed for a staining solution containing 0.1% dimethyl

Ž .sulphoxide DMSO , 0.025% Pluronic F-127, 0.2% bovine
Žserum albumine, and 5-mM Fluo 3-AM F-6142: Sigma,

.Deisenhofen, Germany . Cells were incubated at room
temperature for 45 min on an orbital shaker oscillating at
40 rpm. After incubation, the loading solution was re-
placed with fresh buffer and the incubation continued for

Žan additional 30 min in most cases, on the microscope
.stage .

The cells were incubated on a chamber slide with a
volume of 500 ml experimental buffer. Bipolar electric
pulses were generated by a custom-built stimulator and
delivered to the cells via a pair of silver–chloride elec-
trodes. The frequency was 1 Hz with an impulse duration
of 5 ms. Cells were superperfused throughout the experi-

Ž .ment with experimental buffer 238C, 2 mlrmin , with the
use of a commercially available roller pump. The chamber
slides were mounted onto the stage of a Nikon Diaphot

Ž .TMD microscope Nikon, Tokyo, Japan equipped with a
Ž .plan apochromate=40 oil-immersion objective NA 1.0 .

2q Ž 2qCa -dependent changes in Fluo-3 fluorescence Ca
.transients were recorded with an Odyssey XL confocal

Ž .laser scan microscope Noran Instruments, Middleton, WI
Žusing an argon ion laser 488-nm excitation light of 6

. Ž .mW . Emitted light was long-pass filtered )515 nm and
Žcollected at a frame rate of 120 imagesrs 626=114

.pixel; pixel size 0.26=0.26 mm . No attempt was made to
calibrate cytosolic Ca2q because of the uncertain subcellu-
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Table 1
Contractile parameters of papillary muscle preparations at baseline

Ž .T dTrd t dTrd t Time to peak RT msdev max min 50
2 2 2Ž . Ž . Ž . Ž .mNrmm mNrmm rs mNrmm rs tension ms

Control 40"2 866"43 501"25 75"3 40"2
Adrenomedullin 41"3 853"32 510"20 74"3 42"3
L-NOARG 38"2 826"45 485"29 75"5 43"3
AdrenomedullinqL-NOARG 39"1 847"50 490"25 76"4 41"1
Endothelin-1 42"3 856"53 499"21 75"4 41"2

Experiments were conducted at 288C, in isometric contraction mode at a rate of 30rmin. T , peak developed tension; dTrd t , maximum rate ofdev max

tension development; dTrd t , maximum rate of tension decline; RT , time from peak tension to 50% relaxation.min 50

Ž .lar compartmentation Spurgeon et al., 1990 . Experiments
Ž .were performed at room temperature 238C to minimise

Ž .cell leakage of fluorescent probes Spurgeon et al., 1990 .
Data were stored on the hard disk of an Indy worksta-
Ž .tion Silicon Graphics, USA . At an interval of every 8 ms,

Ca2q transients and cell length were determined using a
Žcustom-written macro function for Object-Image Vischer

.et al., 1994 .
The effects of different concentrations of adrenomedul-

lin on the Ca2q transients were evaluated from the changes
in Fluo-3 fluorescence provided by the software as relative

Ž .fluorescence units rfu . The effects of adrenomedullin
were ascertained once stable, steady-state conditions were
reached. Each cardiomyocyte was derived from a separate
animal, and was used for only a single investigation of one

Žout of three different concentrations 1, 10, 100 nM, ns6
.each . To evaluate early and late effects of adrenomedullin,

measurements were performed at 1, 3, 6 min and 10, 15,
20 min in the same cardiomyocyte. Changes in Ca2q

transients and cell shortening were expressed as percentage
changes with reference to their respective baseline levels
under control conditions.

Since endothelin-1 has been reported to increase cell
shortening and Ca2q transients in isolated rat cardiomy-

Ž . Žocytes Katoh et al., 1998 , we used this peptide 1 nM,
.ns3 as positive control in our experimental setup.

2.3. Isolated heart preparation

The isolated perfused heart model was similar to that
Ž .described previously Felix et al., 1997 . Male Wistar rats

weighing 200 to 300 g were used for these experiments.
ŽAfter intraperitoneal anaesthesia pentobarbital sodium 50

.mgrkg body weight , the hearts were quickly excised and
mounted for perfusion by the Langendorff technique. The
hearts were perfused with a modified Krebs–Henseleit

Ž .solution in mM : NaCl 127.1, KCl 4.7, MgSO 1.1,4

KH PO 1.19, NaHCO 24.9, CaCl 1.26, glucose 8.93,2 4 3 2
. ŽHEPES 10 , equilibrated with 95% O r5% CO 378C,2 2

.pH 7.4 . Left ventricular pressures were recorded via a
fluid-filled latex balloon inserted through the mitral valve
and attached to a pressure transducer and chart recorder.
The left ventricular end-diastolic pressures were main-

tained at 5 mm Hg. Balloon pressures were electronically
differentiated to yield d Prd t and heart rate. Coronary
flow rates were monitored with an ultrasonic flow meter
Ž .Transsonic connected to a flow probe installed in the
aortic arch. Coronary perfusion pressure was monitored
with a pressure transducer attached to the aortic perfusion
cannula. All parameters were continuously displayed.
Registration included heart rate, left ventricular pressure,

Ž .left ventricular peak d Prd t LVd Prd t , coro-max and min

nary flow rates, and coronary perfusion pressure. After
reaching steady-state conditions, adrenomedullin was in-

Žfused in isolated hearts perfused at constant flow 7.3"0.3
.mlrmin into the aortic perfusion cannula in two different

Ž .concentrations 1 nM, ns9; 10 nM, ns7 for at least 20
min.

Fig. 1. Course of peak developed tension in papillary muscle prepara-
tions. Experiments were conducted at 288C, in isometric contraction
mode, at a rate of 30rmin. Preparations served as time controls, or were
stimulated in the presence of incrementing concentrations of rat

Ž .adrenomedullin ADM, 0.1, 1, and 10 nM , in the presence of the nitric
Ž .oxide synthase inhibitor L-NOARG 100 mM , or in the presence of

Ž . Ž . ŽL-NOARG 100 mM plus ADM 0.1, 1, 10 nM . Endothelin-1 0.1–10
.nM , known to evoke slowly developing positive inotropic effects, was

used as positive control. Number of experiments was ns6 in each case.
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Ž .Fig. 2. Inotropic response to isoprenaline 0.1 nM–10 mM as indicated
by the course of peak developed tension in papillary muscle preparations.
Experiments were conducted at 288C, in isometric contraction mode at a
rate of 30rmin. Dose–response curves were constructed in time controls,

Ž .in the presence of rat adrenomedullin ADM, 10 nM , in the presence of
Ž .the nitric oxide synthase inhibitor L-NOARG 100 mM , or in the

Ž . Ž .presence of L-NOARG 100 mM plus ADM 10 nM . Number of
experiments was ns6 in each case.

2.4. Statistical analysis

Results are expressed as mean values"S.E.M. for n
calculations. Effects of the indicated dilutions of adreno-
medullin were evaluated by using non-parametric repeated

Žmeasures analysis of variance with data alignment Bortz
.et al., 1990 . The analyses involved comparisons between

Ž .groups controls vs. adrenomedullin , and within groups.
ŽUni-variate post-hoc analyses were performed Mann–

.Whitney U-tests after overall testing at a level of signifi-
cance of P-0.05. Accounts for multiple comparisons
were carried out using the sequentially rejective Bonfer-

Ž .roni–Holm procedure Holm, 1979 .

2.5. Drugs

Unless otherwise stated, reagents and substances were
Ž .purchased from Sigma Deisenhofen, Germany ; rat adre-

Žnomedullin was obtained from Bachem Heidelberg, Ger-
.many .

3. Results

3.1. Papillary muscle

As shown in Table 1, contractile parameters at baseline
were nearly identical in all groups. Fig. 1 shows the course
of peak developed tension in all experimental groups:
application of adrenomedullin in incrementing concentra-
tions, from 0.1 to 10 nM, changed none of the contractile
parameters stated above. This finding was independent of

Ž .the inhibition of NO synthase by L-NOARG 100 mM . In
contrast, endothelin-1 at 1 and 10 nM significantly in-
creased T peak developed tension to 161"10% and todev

227"9%, respectively. In addition, RT increased to50

2q Ž .Fig. 3. Percentage changes in Ca transient Fluo-3 fluorescence , calculated as peak systolic relative fluorescence units minus diastolic relative
Ž . Ž . Ž .fluorescence units A , and cell length B of a single field-stimulated rat cardiomyocyte under basal conditions 0 , and during superfusion with

Ž . Ž .adrenomedullin ADM, 100, 10, 1 nM . Number of experiments was ns6 in each case. Endothelin-1 1 nM was used to document preserved inotropic
Ž .response ns3 .
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Table 2
Coronary perfusion pressure, left ventricular contractile parameters, and heart rate in isolated hearts at baseline

Coronary perfusion Left ventricular LVd Prd t Heart ratemax
Ž . Ž . Ž . Ž .pressure cm H O pressure mm Hg mm Hgrs beatsrmin2

Ž .Adrenomedullin 1 nM , ns9 79"3 80"6 3294"243 311"10
Ž .Adrenomedullin 10 nM , ns7 84"2 78"5 3149"138 304"9

Experiments were performed under constant-flow perfusion. LVd Prd t smaximal left ventricular d Prd t.max

135"8% and 167"7%; dTrd t to 165"10% andmax

215"11%, and dTrd t to 119"4% and 153"8%.min

Time to peak tension was significantly shortened, to 89"

2% of baseline, only by the highest endothelin-1 concen-
tration used: 10 nM.

At the end of the experiments, preservation of inotropic
response to isoprenaline was demonstrated by maximum

Ž .increases in peak developed tension to 225"9% controls ,
Ž . Ž .230"10% adrenomedullin , 245"10% L-NOARG , and
Ž .243"11% L-NOARG plus adrenomedullin of baseline

Ž .values Fig. 2 . There was no significant difference
between maximum peak developed tension in controls and
in the presence of L-NOARG. In addition, inotropic re-
sponse to isoprenaline was not modulated by combined
nitric oxide synthase inhibition and adrenomedullin admin-
istration.

3.2. Adult field stimulated Õentricular cardiomyocyte

Fig. 3 shows the dependence of systolic cell shortening
and Ca2q transients on the concentration of adrenomedul-

Fig. 4. Concentrationrresponse curves of changes in coronary perfusion
Ž .pressure in isolated rat hearts perfused at constant flow 7.3"0.3 mlrmin

Ž .in response to adrenomedullin ADM, 1 nM, ns9; 10 nM, ns7 .
Values are means"S.E.M.

lin. At baseline, the rat ventricular myocytes shortened
Ž .during stimulation by 7.3"0.4% mean"S.E.M. , and

Fluo-3 fluorescence increased from diastolic 23.1"1.9 to
peak systolic 59.1"5.4 rfu. The effects of adrenomedullin
were evaluated once stable, steady-state conditions were
reached. Field-stimulated cardiomyocytes were superfused
with adrenomedullin during a period of 20 min. Measure-
ments of cell shortening and Ca2q transients were per-
formed at 1, 3, 6 and 10, 15 and 20 min in the same
cardiomyocyte. Adrenomedullin tested in three different

Ž .concentrations 1, 10, 100 nM modified neither cell con-
2q Ž . Ž .tractions nor Ca transients ns6 Fig. 3 . Endothelin-1

Ž .1 nM , used as positive control to document preserved
inotropic response in this model, induced a time-dependent

2q Ž .increase in cell shortening and Ca transients Fig. 3 .

3.3. Isolated Langendorff-perfused heart

Left ventricular contractile parameters, heart rate and
coronary perfusion pressure were similar at baseline in

Ž .both groups Table 2 . As depicted in Fig. 4, adreno-
medullin infused intracoronarily into isolated hearts in two

Ž .different concentrations 1 and 10 nM induced a decrease
in coronary perfusion pressure by 28% and 50%, respec-
tively. This coronary vasodilation occurred within seconds
of administration, and was maximal at 15 to 20 min. Heart

Žrate remained stable. Under control conditions without
.adrenomedullin infusion , coronary perfusion pressure did

not change significantly during the experimental period
Ž . Ž .20 min Fig. 4 . Vasodilation was paralleled by a de-
crease in left ventricular pressure, LVd Prd tmax and min
Ž .data not shown . Since in the isolated heart perfused at
constant flow, a decrease in coronary perfusion pressure is
usually accompanied by a fall in left ventricular contractile

Ž .parameters Gregg phenomenon , no clear statement con-
cerning the effects of adrenomedullin on myocardial con-
tractility is allowed in this perfusion mode.

4. Discussion

The objective of the present study was to determine the
effects of adrenomedullin on myocardial contractility. By
using different in vitro assay systems, we clearly showed
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that adrenomedullin failed to induce significant inotropic
effects in the rat heart: in the rat papillary muscle,
adrenomedullin did not influence twitch contractions and
time constants. Furthermore, in accordance with the previ-
ous findings, simultaneous detection of cell shortening and
Ca2q transients in single ventricular rat cardiomyocytes by
confocal microscopy likewise failed to show significant
changes during adrenomedullin superfusion. Endothelin-1,
which was used as positive control due to its proven
slowly developing positive inotropic effects, induced an
increase in twitch contraction in the papillary muscle, as
well as cell shortening and Ca2q transients in isolated
cardiomyocytes. In the isolated Langendorff-perfused heart,
dose-dependent coronary vasodilation was observed during
adrenomedullin infusion, which verified the efficacy of the
peptide.

In 1993, Perret et al. described in the isolated rat heart a
mild negative inotropic effect of adrenomedullin after bo-
lus administration, in addition to a marked vasodilating
effect. This effect was rapid in onset, reached a peak at 60

Ž .s, and lasted up to 5 min Perret et al., 1993 . A negative
inotropic effect of adrenomedullin was also found by
Ikenouchi et al. in isolated adult rabbit cardiac ventricular

w 2qx Žmyocytes accompanied by a decrease in Ca Ikenouchii
.et al., 1997 . The authors suggested a contribution of NO

to the negative inotropic effect, since both an NO synthase
inhibitor, N G-monomethyl-L-arginine, blocked the nega-
tive inotropic effect of adrenomedullin, and the intra-
cellular cGMP content increased in a concentration-depen-
dent manner.

In contrast to the previous publications, several studies
have reported that adrenomedullin has most likely positive
inotropic effects. Thus, systemic administration of
adrenomedullin in mammals resulted in an increase in

Žcardiac output and stroke volume Ishiyama et al., 1993,
.1995; Parkes, 1995 . However, in the in vivo-situation, it

must be taken into account that this increase in cardiac
output is primarily secondary to a fall in cardiac afterload
as a result of decreasing mean arterial pressure. The pre-
sent study was therefore not able to clarify whether the
effects of adrenomedullin on cardiac function are sec-
ondary to changes in afterload, or whether they are medi-
ated by direct actions on the heart. Findings by Szokodi et
al. in the isolated perfused rat heart suggested that
adrenomedullin exerts direct, positive inotropic action, via
Ca2q release from ryanodine and thapsigargin-sensitive
Ca2q stores, activation of protein kinase C, and Ca2q

influx through L-type Ca2q channels, without increasing
Ž .cAMP levels Szokodi et al., 1998 . Very recently, Ihara et

al. reported that adrenomedullin has positive inotropic
effects in papillary muscles, at least partially through a

Ž .cAMP-dependent pathway Ihara et al., 2000 .
The underlying reasons for the discrepancies between

the studies cited above and our findings are unclear.
Methodological differences, in any case, are subject to
discussion. Compared to Ihara et al., in particular, there is

a difference in the composition of the perfusion buffers.
The discrepancies in findings could stem from the fact that

2q Ž .we worked with appreciable lower Ca values 1 mM in
Ž .the perfusion buffer than did Ihara et al. 2.5 mM . Despite

this lower extracellular Ca2q concentration, however, we
obtained initial values for peak developed tension at base-
line which were approximately 30% greater than did his

Ž .group Ihara et al., 2000 . Szokodi et al. pre-dilated the
vasculature by decreasing the coronary perfusion rate of
the isolated hearts from 7 to 5 mlrmin to exclude sec-
ondary effects caused by the vasorelaxation of coronary

Ž .arteries induced by adrenomedullin Szokodi et al., 1998 .
In contrast to the studies of Szokodi et al., we did not
observe any positive inotropic effects in experimental
models in which the confounding influence of changes in
coronary perfusion is absent, i.e., in strips of cardiac
muscle perfused in vitro and in isolated cardiomyocytes.

To further elucidate the lack of contractile effects of
adrenomedullin in our study, one may argue that potential

Žpositive inotropic effects of this peptide as described by
.Szokodi are outweighed by its negative inotropic proper-

Žties mediated by NO, as suggested by Ikenouchi Szokodi
.et al., 1998; Ikenouchi et al., 1997 . To work around this

question, we tested the effects of adrenomedullin under
conditions of inhibited NO synthesis. This approach, how-
ever, did not unmask a positive inotropic effect. In contrast

Ž .to findings reported by Balligand et al. 1993 , Keaney et
Ž . Ž .al. 1996 , and Gyurko et al. 2000 obtained in myocytes,

isolated hearts and in vivo, we were not able to detect a
significant augmentation of the b-adrenergic response un-
der conditions of inhibited NO synthesis in papillary mus-

Žcles. Agonist-stimulated NO release substance P, 0.5 mM,
.ns4 , however, significantly decreases peak developed

Ž .tension at baseline y18"2% and attenuates the maxi-
Žmum inotropic response to isoprenaline 185"6% vs.

. Ž .225"9% in controls data not shown . This finding
demonstrates an intact endogenous NO system in our
preparations.

Taken all together, the reasons for the differences be-
tween the studies concerning the effects of adrenomedullin
on myocardial contractility remain unclear, however,
species differences and distinct experimental models must
be taken into account. In our study, we demonstrate that
adrenomedullin has no inotropic effects in different mod-
els: first, in the papillary muscle preparation, in which the
muscle is contracting under defined preload conditions, no
changes in twitch contraction could be ascertained, even at
the highest dose used; second, at the single cellular level,
cell shortening in isolated, field-stimulated, adult rat ven-
tricular cardiomyocytes was not affected. In accordance
with these contractile measurements, there were no alter-
ations in Ca2q transients during adrenomedullin applica-
tion, evaluated from changes in Fluo-3 fluorescence in the
cardiomyocytes. In conclusion, our results do not provide
any evidence for direct inotropic effects of adrenomedullin
in the rat.
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