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Abstract

 

b

 

3

 

-adrenoceptors are involved in metabolism, gut relax-

ation, and vascular vasodilation. However, their existence

and role in the human heart have not been documented. We

investigated the effects of several 

 

b

 

-adrenoceptor agonists

and antagonists on the mechanical properties of ventricular

endomyocardial biopsies. In the presence of nadolol, a 

 

b

 

1

 

-

and 

 

b

 

2

 

-adrenoceptor antagonist, isoprenaline produced

consistent negative inotropic effects. Similar negative ino-

tropic effects also resulted from the action of 

 

b

 

3

 

-adrenocep-

tor agonists with an order of potency: BRL 37344 

 

.

 

 SR

58611 

 

< 

 

CL 316243 

 

.

 

 CGP 12177. The dose-response curve

to BRL 37344–decreasing myocardial contractility was not

modified by pretreatment with nadolol, but was shifted to

the right by bupranolol, a nonselective 

 

b

 

-adrenoceptor an-

tagonist. 

 

b

 

3

 

-adrenoceptor agonists also induced a reduction

in the amplitude and an acceleration in the repolarization

phase of the human action potential. 

 

b

 

3

 

-adrenoceptor tran-

scripts were detected in human ventricle by a polymerase

chain reaction assay. These results indicate that: (

 

a

 

)

 

b

 

3

 

-adrenoceptors are present and functional in the human

heart; and (

 

b

 

) these receptors are responsible for the unex-

pected negative inotropic effects of catecholamines and may

be involved in pathophysiological mechanisms leading to

heart failure. (

 

J. Clin. Invest. 

 

1996. 98:556–562.)
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Introduction

 

b

 

3

 

-Adrenoceptor differs from classical 

 

b

 

1

 

- and 

 

b

 

2

 

-adrenoceptor
subtypes by its molecular structure and pharmacological pro-
file (for review, see reference 1). 

 

b

 

3

 

-adrenoceptor shares only
40–50% amino acid sequence identity with 

 

b

 

1

 

- and 

 

b

 

2

 

-adreno-
ceptors, possesses an intron whereas 

 

b

 

1

 

- and 

 

b

 

2

 

-adrenoceptors
are intronless (2), and lacks recognition sites for the cAMP-
dependent and 

 

b

 

-adrenoceptor kinases implicated in the de-
sensitization of 

 

b

 

2

 

-adrenoceptors (3). 

 

b

 

3

 

-adrenoceptor is acti-

vated by preferential pharmacological agonists (e.g., BRL
37344 and SR 58611), which have little effect on 

 

b

 

1

 

- and 

 

b

 

2

 

-
adrenoceptors. The biological effects mediated by 

 

b

 

3

 

-adreno-
ceptor stimulation have been identified in a variety of tissues.
As 

 

b

 

3

 

-adrenoceptors mediate lipolysis in white adipose tissues
and thermogenesis in brown adipose tissues (4–7), they consti-
tute a target for antiobesity and antidiabetic drugs (8, 9). They
also inhibit the contractile activity of ileum and colon (10–12).

 

b

 

3

 

-adrenoceptors modulate neural bronchomotor control, in-
ducing relaxation of airway smooth muscle (13) and producing
sustained peripheral vasodilation that is predominant in skin
and fat (14, 15).

Although considerable information is available on 

 

b

 

3

 

-
adrenoceptor physiology in fat and the gastrointestinal tract, it
is still unclear whether or not 

 

b

 

3

 

-adrenoceptors exist in the hu-
man heart. In animal models, the use of partial agonists induc-
ing chronotropic and inotropic effects resistant to blockade by
conventional 

 

b

 

1

 

- and 

 

b

 

2

 

-adrenoceptor antagonists has sug-
gested the existence of a third cardiac 

 

b

 

-adrenoceptor, desig-
nated as atypical 

 

b

 

-adrenoceptor (16). However, these partial
agonists have no effect on inotropy in the human heart (17). In
vivo studies have recently demonstrated that positive 

 

b

 

3

 

-
adrenoceptor–related chronotropic effects were prevented by

 

b

 

1

 

- or 

 

b

 

2

 

-adrenoceptor antagonists and are likely due to
baroreflex activation in response to 

 

b

 

3

 

-adrenoceptor agonist–
induced vasodilation (18–21). Thus, the existence of a putative

 

b

 

3

 

-adrenoceptor in the heart has not been clearly demon-
strated. The purpose of the present study was to investigate a
combination of preferential 

 

b

 

3

 

-adrenoceptor agonists and

 

b

 

-adrenoceptor antagonists in human myocardial fragments
obtained from endomyocardial biopsies. We found that

 

b

 

3

 

-adrenoceptor stimulation of the human cardiac muscle, in
stark contrast with 

 

b

 

1

 

- and 

 

b

 

2

 

-adrenoceptor stimulation, re-
sulted in a profound dose-dependent negative inotropic effect.
This unexpected finding suggests that 

 

b

 

3

 

-adrenoceptors may
participate in the pathogenesis of cardiac failure, during which
modification of 

 

b

 

1

 

- and 

 

b

 

2

 

-adrenoceptor expression occurs (22).

 

Methods

 

Human ventricular biopsies. 

 

All protocols were approved by the
Ethics Committee of the Centre National de la Recherche Scienti-
fique (France). 45 human endomyocardial biopsies were obtained
from the right interventricular septum of cardiac transplant patients
(40 men and 5 women, mean age 55.9

 

6

 

1.3 years) during right jugular
vein catheterization performed routinely to detect possible rejection.
None of the patients had evidence of cardiac rejection. All received
immunosuppressive therapy (azathioprine, prednisolone and cy-
closporine). In addition, 11 were given a calcium antagonist, 2 were
given an 

 

a

 

-adrenoceptor antagonist, and 6 were given a diuretic. 27
had no treatment known to possess cardiovascular effects. The effects
of 

 

b

 

-agonists obtained in biopsies from patients treated with calcium
antagonists were similar to those obtained in biopsies from patients
not receiving these drugs. Biopsies were also performed in two pa-

 

Address correspondence to Chantal Gauthier, Laboratoire de Phys-
iopathologie et Pharmacologie Cellulaires et Moléculaires, CHU de
Nantes, 44035 Nantes Cedex, France. Phone: 33-40-16-57-18; FAX:
33-40-16-57-19.

 

Received for publication 5 December 1995 and accepted in revised

form 24 April 1996.

 



 

B

 

3

 

-Adrenoceptors in the Human Heart

 

557

 

tients undergoing open-heart surgery and receiving no cardioactive
or immunosuppressive drugs. In these two patients, the effects of

 

b

 

3

 

-adrenoceptor agonists were similar to those obtained in biopsies
from transplanted patients.

 

Experimental protocol. 

 

Tissues were placed in a transport solu-
tion containing (in mM): 120 NaCl, 5 KCl, 1 CaCl

 

2

 

, 1.1 MgCl

 

2

 

, 0.33
NaH

 

2

 

PO

 

4

 

, 5 glucose, and 10 Hepes (pH adjusted to 7.4 with NaOH)
and transported to the laboratory in less than 5 min. Preparations
were then placed in an experimental chamber and superfused at a
flow rate of 5 ml/min with oxygenated (95% O

 

2

 

, 5% CO

 

2

 

) Tyrode’s
solution (37

 

6

 

0.5

 

8

 

C) containing (in mM): 120 NaCl, 5 KCl, 2.7 CaCl

 

2

 

,
1.1 MgCl

 

2

 

, 0.33 NaH

 

2

 

PO

 

4

 

, 5 glucose, and 20 NaHCO

 

3

 

. Tissues were
equilibrated for 60 min and then subjected to field stimulation at a
pacing cycle length of 1,700 ms. Stimulus pulse width was 1 to 2 ms
and amplitude was twice the diastolic threshold.

Tension and action potentials were measured as previously de-
scribed (23). Tension was recorded using a mechanoelectric force
transducer (Akers, AE 801; SensoNor, Norway). Endomyocardial bi-
opsies were stretched stepwise (10-

 

m

 

m increments) to a length at
which contraction force was maximal. Studies were then performed at
90% of maximal tension. Action potentials were recorded using con-
ventional 3 M KCl-filled microelectrodes (resistance, 10 to 25 M

 

V

 

).
Electrodes were coupled to an Ag–AgCl electrode connected to an
amplifier (VF 102; Biologic, Claix, France). The tissue chamber was
grounded through an Ag-AgCl electrode.

After equilibration, the cumulative dose-response curves of 

 

b

 

-adre-
noceptor agonists were determined by superfusion with successively
increasing concentrations of drugs. For all concentrations, tension
and action potentials were recorded at steady state.

 

Data analysis. 

 

Tension and action potentials were recorded on a
digital storage oscilloscope (400; Gould Inc., Les Ullis, France), a
strip chart recorder (8188; Gould Inc.) and a digital tape recorder
(DTR-1200; Biologic). Twitch and action potential parameters were
analyzed using DATAPAC software (Caen University, France).

The results are expressed as mean

 

6

 

SEM of 

 

n

 

 number of experi-
ments. The statistical significance of the drug effect was assessed us-
ing one-way analysis of variance, followed by a Bonferonni test. To
determine agonist potencies from the dose-response curves, the con-
centrations producing 50% of maximum effect (EC

 

50

 

) were deter-
mined by fitting curves with the Bolzmann equation. pD

 

2

 

 values were
then calculated according to the equation pD

 

2

 

 

 

5

 

 

 

2

 

log(EC

 

50

 

) and
compared using Student’s 

 

t

 

 test (

 

P

 

 

 

,

 

 0.05 being considered signifi-
cant). Apparent pA

 

2

 

 values were calculated according to pA

 

2

 

 

 

5

 

 

 

2

 

log
([antagonist]/DR-1), where DR was the dose ratio between the EC

 

50

 

value for an agonist in the presence of a given antagonist concentra-
tion and the EC

 

50

 

 value in the absence of the antagonist.

 

mRNA preparation. 

 

Tissue samples weighing between 4 and 10
mg were homogenized in liquid nitrogen in 1.5-ml Eppendorf tubes.
The samples were selected visually for absence of fat. The powder
was resuspended in 0.8 ml RNA-PLUS

 

TM

 

 extraction solution (Bio-
probe Systems, Montreuil, France), to which 0.1 ml chloroform was
added. The suspension was then shaken vigorously and kept on ice
for 5 min before being centrifuged at 13,000 rpm (4

 

8

 

C) for 15 min.
The aqueous phase was transferred to a fresh tube and an equal vol-
ume of isopropanol was added. The sample was then kept on ice for
45 min and centrifuged at 13,000 rpm (4

 

8

 

C) for 15 min. The superna-
tant was removed and the pellet washed once with 0.8 ml 75% etha-
nol. The RNA pellet was then dried and resuspended with an appro-
priate volume of diethylpyrocarbonate-treated water.

To avoid contamination with genomic DNA, total RNA was
treated with amplification-grade DNase I (GIBCO BRL, Cergy Pon-
toise, France). Digestion was carried out at room temperature for 15
min and stopped by addition of 20 mM EDTA, pH 8.0, and incuba-
tion at 65

 

8

 

C for 10 min.
PolyA

 

1

 

 RNA was directly prepared from DNase I–treated RNA,
using the Dynabeads mRNA purification kit (Biosys, Compiègne,
France). Briefly, total RNA was heated at 65

 

8

 

C for 5 min, and then
hybridized to oligo (dT)25-linked magnetic beads at room tempera-

ture for 10 min, cleaned twice with washing solution (10 mM Tris-
HCl, pH 7.5, 0.15 M LiCl, and 1 mM EDTA) and eluted with 24 

 

m

 

l of
2 mM EDTA, pH 8.0, at 65

 

8

 

C. PolyA

 

1

 

 RNA was used immediately or
stored at 

 

2

 

20

 

8

 

C for subsequent analysis.

 

PCR analysis. 

 

PolyA

 

1

 

 RNA was treated with 200 U Superscript
TM II RNase H2 reverse transcriptase (GIBCO BRL) in 20 ml re-
verse transcriptase buffer (50 mM Tris-HCl, pH 8.3, 75 mM KCl, and
3 mM MgCl2) containing 5 mM DTT and 0.5 mM each dNTP, 100 ng
oligo (dT)12-18 and 2 U/ml RNase Inhibitor (Pharmacia, St. Quentin
en Yvelines, France). A control without reverse transcriptase was
performed to verify that amplification did not proceed from residual
genomic DNA. cDNA was heated 5 min at 928C, and then amplified
by 30 cycles (928C, 1 min; 558C, 1.5 min; 728C, 1.5 min), followed by a
5-min extension at 728C in a temperature cycler (Biometra Biomed.
Analytik GmbH, Göttingen, Germany) in 100 ml of PCR buffer con-
taining 2.5 U of Thermus aquaticus polymerase (Promega Corp.,
Madison, WI), 2.5 mM MgCl2, 50 mM each dNTP, 125 nM each sense
and antisense oligonucleotide primer, 2.5% (vol/vol) formamide, and
10% (vol/vol) DMSO. For b3-adrenoceptor gene, the sequences of
sense and antisense oligonucleotide primers were 59-GCATGCTC-
CGTGGCCTCACGAGAA-39 and 59-CTGGCTCATGATGGG-
CGC-39, respectively. The expected fragment length was 525 bp. PCR
products were visualized by electrophoresis through 2% agarose
ethidium bromide–stained gels. Gels were blotted onto nylon mem-
branes (Hybond N; Amersham International, Little Chalfont, UK)
that were hybridized at 658C to the human b3-adrenoceptor cDNA
(24). Final washing conditions were 15 mM NaCl, 1.5 mM sodium cit-
rate, and 0.1% SDS at 658C. Membranes were then subjected to auto-
radiography.

Drugs. (2)-Isoprenaline, norepinephrine, nadolol, adenosine,
and pertussis toxin were obtained from Sigma Chemical Co. (St. Louis,
MO). Metoprolol and CGP 12177 (4-[3-t-butylamino-2-hydroxy-
propoxy]benzimidazol-2-1) were gifts from Ciba Geigy (Basel, Switzer-
land), bupranolol from Schwarz Pharma (Monheim, Germany), BRL
37344 (4-[-[2-hydroxy-(3-chlorophenyl)ethyl-amino]propyl] phenoxy-
acetate) from Smith Kline-Beecham Pharmaceuticals (Surrey, UK) and
CL 316243 (5-(2-{[2-(3-chlorophenyl)-2-hydroxyethyl]-amino}propyl)-
1,3-benz odioxole-2,2-dicarboxylate) from American Cyanamid (Pearl
River, NY) and SR58611 ((RS)-N-[(25)-7-ethoxycarbonylmethoxy-
1,2,3,4-tetrahydronapth-2-yl]-(2R)-2-(3-chlorophenyl)-2-hydroxyethana-
mine hydrochloride) from Sanofi Recherche (Montpellier, France).

Results

Effects of isoprenaline on mechanical responses. We explored the
effects of cumulative concentrations of isoprenaline on the me-
chanical properties of human endomyocardial biopsies (Fig. 1,
A and B). As expected, isoprenaline alone (n 5 5) induced a
dose-dependent increase in peak tension and produced an ac-
celeration of twitch, the maximal effect being obtained with a
1-mM concentration. At this concentration, isoprenaline in-
creased peak tension by 268674% (P , 0.05) and accelerated
twitch, decreasing total duration from 49669 to 429616 ms
(P , 0.05), time-to-peak from 18665 to 14564 ms (P , 0.05),
half-contraction time from 8264 to 6562 ms (P , 0.05) and
half-relaxation time from 14269 to 11069 ms (P , 0.05). In
another set of experiments (n 5 4), we explored the effects of
isoprenaline in the presence of 10 mM nadolol, a potent b1-
and b2-adrenoceptor antagonist (25). Under these conditions,
isoprenaline induced a dose-dependent decrease in peak ten-
sion at concentrations ranging from 0.7 to 10 mM. 10 mM iso-
prenaline decreased peak tension by 27.264.5% (P , 0.05).
Total twitch duration was also significantly decreased from
530635 to 513633 ms (P , 0.05), but other twitch parameters
were not significantly modified. At higher concentrations (e.g.,
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30–100 mM), isoprenaline induced a positive inotropic re-
sponse. In the presence of 10 mM nadolol, norepinephrine also
decreased peak tension for concentrations ranging from 0.7 to
10 mM. At a 10-mM concentration, peak tension was decreased
by 21.3615.3% (n 5 5, P , 0.05). Thus, depending on the
presence of a competitive b1- and b2-adrenoceptor antagonist,

catecholamines exerted opposite effects on the mechanical
properties of the human ventricle.

Effects of b3-adrenoceptor agonists on mechanical and elec-

trical responses. The first set of experiments suggested that
the stimulation of a third cardiac b-adrenoceptor, possibly b3,
was responsible for the unexpected negative inotropic effect
produced by isoprenaline. To further investigate this possibil-
ity, a series of preferential b3-adrenoceptor agonists was used
on human endomyocardial biopsies. As illustrated in Fig. 2,
BRL 37344 induced a dose-dependent negative inotropic ef-
fect at concentrations ranging from 0.1 nM to 1 mM. pD2 val-
ues for this effect are presented in Table I. The maximum ef-
fect, obtained at a concentration of 1 mM, decreased peak
tension by 59.462.8% (P , 0.05) as compared to the control.
BRL 37344 accelerated twitch at the highest concentrations
tested (0.7 to 3 mM). At 1 mM, it decreased total duration from
512647 to 452642 ms (P , 0.05), time-to-peak from 186619
to 169619 ms (P , 0.05), half-contraction time from 7967 to
7268 ms (P , 0.05) and half-relaxation time from 145612 to
119612 ms (P , 0.05). Since BRL 37344 possesses low affinity
for b1- and b2-adrenoceptors (26), dose-response curves for
this agonist were also plotted in the presence of several
b-adrenoceptor antagonists. The dose-response curve to BRL
37344 was not modified by pretreatment with 1 mM meto-
prolol, a b1-adrenoceptor antagonist (Fig. 3 A) or with 10 mM
nadolol, a b1- and b2-adrenoceptor antagonist (Fig. 3 B). We
also used bupranolol, which combines b1-, b2- and b3-adreno-
ceptor antagonist properties (6, 16, 27). In the presence of
1 mM bupranolol, the dose-response curve to BRL 37344 on
peak tension was shifted about tenfold to the right (apparent
pA2 value for bupranolol was 6.88; Fig. 3 C). Acceleration in
the twitch, as observed at the highest concentrations of BRL
37344, was prevented in the presence of 1 mM bupranolol
(data not shown).

Figure 1. Effects of isoprenaline on the twitch tension of human en-
domyocardial biopsies alone and in the presence of nadolol. (A) Time 
course of the effects of cumulative concentrations of isoprenaline 
alone (left) and in the presence of 10 mM nadolol, a b1- and b2-
adrenoceptor antagonist (right), on the twitch tension. In both cases, 
each concentration of isoprenaline was perfused for 6 min. When na-
dolol was used, it was first perfused alone and defined as control (C) 
when steady state was reached (15–20 min). Then, cumulative con-
centrations of isoprenaline were also perfused in the presence of na-
dolol. This figure is representative of data obtained in four other ex-
periments. (B) Superimposed twitches obtained from the 
experiments illustrated in A.

Figure 2. Effects of BRL 37344 and SR 58611 on 
the twitch tension of human endomyocardial biop-
sies. (A) Time course of the effects of cumulative 
concentrations of BRL 37344 (left) and SR 58611 
(right) on twitch tension. After control (C), the b3-
adrenoceptor agonists were perfused for 10 min 
for each concentration to obtain a steady state ef-
fect. This figure is representative of the data ob-
tained in six other experiments for BRL 37344 and 
five other experiments for SR 58611. (B) Superim-
posed twitches obtained from the experiments il-
lustrated in A. For the clarity of A and B, data 
obtained at 1 and 3 mM are not shown. (C) Dose-
response curves for the negative inotropic effect 
of BRL 37344 (left) and SR 58611 (right) on peak 
tension. Values are the means6SEM of seven ex-
periments for BRL 37344 (h) and six experiments 
for SR 58611 (s). The response is expressed as a 
percentage of decrease in peak tension compared 
to the control. The continuous line was obtained 
by curve fitting using the Bolzmann equation. 
*Significant statistical difference (P , 0.05) from 
basal peak tension.
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Dose-dependent negative inotropic effects were also ob-
served with SR 58611 at concentrations ranging from 0.3 nM to
3 mM (Fig. 2). The maximum effect was observed with 3 mM,
which decreased peak tension by 64.366.1% (P , 0.05). As
observed with BRL 37344, an acceleration in the twitch oc-
curred at the highest doses: at 3 mM, total duration decreased
from 55867 to 479617 ms (P , 0.05), time-to-peak from
20264 to 173611 ms (P , 0.05) and half-relaxation time from
16464 to 128610 ms (P , 0.05). Two other b3-adroneceptor
agonists also induced dose-dependent negative inotropic ef-
fects: CL 316243 reduced peak tension for concentrations
ranging from 1 nM to 10 mM (at 10 mM, peak tension de-
creased by 49.964.8%, P , 0.05) and CGP 12177 decreased
peak tension for concentrations ranging from 0.01 to 100 mM
(at 100 mM, peak tension decreased by 34.865.7%, P , 0.05).
pD2 values for SR 58611, CL 316243, and CGP 12177 are
shown in Table I.

The effects of b3-adrenoceptor stimulation were also stud-
ied on the electrophysiological characteristics of human en-
domyocardial biopsies (Fig. 4). BRL 37344 modified action
potential parameters in the same range of concentrations in
which it altered mechanical response (Fig. 4, A and B). At a
1-mM concentration (n 5 4), BRL 37344 induced a reduction
in the action potential duration measured at 30% of repolar-

ization (APD30)
1 from 203615 to 16469 ms (P , 0.05), APD50

from 256617 to 218617 ms (P , 0.05) and APD90 from
336630 to 294631 ms (P , 0.05). Action potential amplitude
was also reduced from 111.362.1 to 107.561.6 mV (P , 0.05).
Comparable effects were produced by SR 58611 (Fig. 4 C). It
is noteworthy that a similar reduction in action potential dura-
tion was observed with isoproterenol in the presence of 10 mM
nadolol (data not shown).

Effects of b3-adroneceptor stimulation in the presence of

pertussis toxin. In an attempt to define the involvement of Gi

proteins in the negative inotropic effects produced by b3-adre-
noceptor agonists, the effects of BRL 37344 were tested on hu-
man endomyocardial biopsies pretreated with pertussis toxin
(PTX, Fig. 5). To determine PTX concentrations that would
block Gi proteins, adenosine stimulation was used as an assay
because adenosine is generally thought to negatively modulate
b-adrenoceptor stimulation by activating a PTX-sensitive G-pro-
tein pathway. Norepinephrine was used to stimulate adenylate
cyclase in the presence of 1 mM prazosin to block a-adrenocep-
tors. In non-PTX–pretreated tissues, 1 mM norepinephrine
alone produced a positive inotropic effect (peak tension in-
creased by 61.7619.3%, n 5 6). When a steady state was
reached in the presence of norepinephrine, 10 mM adenosine
was added. Under these conditions, adenosine blunted the
positive inotropic response to norepinephrine (peak tension
decreased by 31.4465.24%, n 5 6). The same experiments
were repeated in endomyocardial biopsies pretreated with 0.5
mg/ml PTX for 2 h at 308C. In the presence of PTX, 1 mM nor-
epinephrine increased peak tension by 42.1613.2% (n 5 5).
But in this case, adenosine did not induce negative inotropic
effects, demonstrating that activation of Gi was effectively
blocked. The effects of 10 nM BRL 37344 were then studied in
control and PTX-pretreated endomyocardial biopsies. In con-

Figure 3. Dose-
response curves for the 
negative inotropic ef-
fect of BRL 37344 in 
the presence of several 
b-adrenoceptor antago-
nists. When the antago-
nist was used, it was 
perfused alone until a 
steady state was 
reached (15–20 min). 
This was defined as con-
trol. Then, cumulative 
concentrations of BRL 
37344 were perfused in 
presence of the antago-
nist. (A) Dose-response 
curves for the effect of 
BRL 37344 alone (h, 
n 5 7) and in the pres-
ence of 1 mM meto-
prolol (m, n 5 5). (B) 
Dose-response curves 
for the effect of BRL 
37344 alone (h, n 5 7) 
and in the presence of 
10 mM nadolol (d, n 5 
7). (C) Dose-response 
curves for the effect of 
BRL 37344 alone (h, 
n 5 7) and in the pres-
ence of 1 mM bupra-
nolol (j, n 5 5). For all 
curves, values are the 
means6SEM of n ex-
periments. The continu-
ous lines were obtained 
by curve fitting using 
the Bolzmann equation.

Table I. Negative Inotropic Effects of Several b3-Adrenoceptor 
Agonists Alone or in the Presence of Antagonists on Human 
Endomyocardial Biopsies

Agonists Antagonists pD2 Maximal decrease n

mM % (mM)

BRL 37344 8.7460.22 59.462.8 (1) 7

BRL 37344 10 Nadolol 8.6560.20 65.763.5 (1) 7

BRL 37344 1 Metoprolol 8.3460.08 60.062.5 (1) 5

BRL 37344 1 Bupranolol 7.6460.14* 60.265.3 (3) 5

SR 58611 8.1660.18 64.366.1 (3) 6

CL 316 243 8.2460.21 49.964.8 (10) 5

CGP 12177 5.1560.78 34.865.7 (100) 5

The pD2 values of the agonists (- log EC50) were estimated from each

concentration–response curve. The pD2 values are means6SEM of n ex-

periments. The percentage of maximal decrease of peak tension is re-

ported for each agonist. The results are mean6SEM of n experiments.

The value of concentration in brackets is the concentration giving the

maximal effect. *P , 0.05 for BRL 37344 1 bupranolol vs BRL 37344

alone.

1. Abbreviations used in this paper: APD, action potential duration;
PTX, pertussis toxin.
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trol tissues, BRL 37344 induced a decrease in peak tension of
40.565.1% (n 5 7). In PTX-pretreated tissues, the negative ino-
tropic effects of BRL 37344 were markedly reduced (peak ten-
sion only decreased by 14.168.3%, n 5 3).

b3-adrenoceptor mRNA in human myocardium. To confirm
the identity of the receptor involved in b3-adrenoceptor ago-
nist effects, mRNA expression of b3-adrenoceptors was stud-
ied in human endomyocardial biopsies. A reverse transcription

PCR protocol on PolyA1 RNA was developed to avoid con-
tamination by genomic DNA (Fig. 6). When human b3-adreno-
ceptor gene primers were used, the length of PCR-amplified
product corresponded to the gene structure. Hybridization to
human b3-adrenoceptor cDNA confirmed the identity of the
fragment. With this technique, b3-adrenoceptor mRNA ex-
pression was detected in the myocardium of 5/5 subjects. We
checked for possible contamination of the biopsies with fat
cells expressing b3-adrenoceptors, using hormone-sensitive li-
pase as a marker of brown and white fat cells. When primers
specific for the human hormone-sensitive lipase gene were
used (28), no specific products were amplified from human
myocardium; whereas, strong signals were obtained from hu-
man white adipocytes (data not shown).

Discussion

Various studies have shown that b1- and b2-adrenoceptors co-
exist in the human heart and that their stimulation produces
positive inotropic effects in in vitro human atrial and ventricu-
lar preparations (29–33). To our knowledge, there have been
no previous reports as to a direct cardiac effect through b3-
adrenoceptor stimulation. Our study conclusively demonstrates
the presence of functional b3-adrenoceptors in the human
heart ventricle and indicates that their stimulation induces sur-
prisingly negative inotropic effects.

In stark contrast with the effects of isoprenaline alone, we
observed that isoprenaline induced a negative inotropic effect
when applied in the presence of nadolol, a potent b1- and b2-
adrenoceptor antagonist possessing no b3-adrenoceptor antag-
onist properties (27, 34). From this result, the existence of an-
other adrenoceptor distinct from b1 and b2 was suspected. The
existence of b3-adrenoceptors in the human myocardium was
further assumed when we observed that b3-adrenoceptor ago-

Figure 4. Effects of BRL 37344 and SR 58611 on action potentials of 
human endomyocardial biopsies. (A) Superimposed action potentials 
recorded from an endomyocardial biopsy before (control) and after 
perfusion of 0.3 mM BRL 37344. BRL 37344 decreased the amplitude 
of action potential from 117 (control) to 112 mV and reduced APD30 
from 190 to 146 ms, APD50 from 231 to 191 ms, and APD90 from 290 
to 250 ms. (B) Dose-response curves for the effects of BRL 37344 on 
the action potential duration at 30% (s), 50% (h) and 90% (n) of 
repolarization (APD). Values are the means6SEM of four experi-
ments. *Significant statistical difference (P , 0.05) from the control 
value. (C) Superimposed action potentials recorded from an endo-
myocardial biopsy before (control) and after perfusion of 0.3 mM of 
SR 58611. SR 58611 decreased the amplitude of action potential from 
109 (control) to 104 mV and reduced APD30 from 210 to 178 ms, 
APD50 from 290 to 254 ms, and APD90 from 300 to 256 ms.

Figure 5. The effects of PTX (0.5 mg/ml for 2 h) on the negative ino-
tropic responses of adenosine (Ad) and BRL 37344 (BRL) in human 
endomyocardial biopsies. To demonstrate adenosine inhibition, 1 mM 
norepinephrine (NE), in the presence of 1 mM prazosin, was used to 
stimulate b1-adrenoceptors increasing contractility. For adenosine, 
the bars from left to right represent control peak force (C), peak 
force in the presence of NE (NE), and the effect of 10 mM adenosine 
on NE-stimulated peak force (Ad). Results before (n 5 6) and after 
(n 5 5) PTX treatment are illustrated. For BRL 37344, the bars illus-
trate control peak force and the inhibitory effect of BRL 37344 be-
fore (n 5 7) and after (n 5 3) PTX treatment. Values are the 
means6SEM of n experiments. *P , 0.05 vs C; **P , 0.05 vs NE.
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nists also induced negative inotropic effects with an order of
potency: BRL 37344 . SR 58611 < CL 316243 . CGP 12177
similar to that observed in chinese hamster ovary cells trans-
fected with human b3-adrenoceptors (8, 26). The most convinc-
ing pharmacologic evidence for the presence of b3-adrenoceptors
in the human heart was supported by the use of b-adrenoceptor
antagonists. The mechanical effects of BRL 37344 were not
modified by pretreatment with metoprolol (a b1-adrenoceptor
antagonist) or nadolol indicating that this effect was not medi-
ated by b1- or b2-adrenoceptors. By contrast, bupranolol,
which possesses b3-adrenoceptor antagonist properties (6, 27,
35), antagonized the negative inotropic effects of BRL 37344
with a pA2 value similar to that determined in adipocytes (6,
27). Finally, pharmacological evidence for myocardial b3-adreno-
ceptor was strengthened by detection of b3-adrenoceptor tran-
scripts in the human ventricle. b3-adrenoceptor mRNA ex-
pression has already been reported in human heart biopsies,
particularly at the atrial level (36, 37). However, these reports
did not exclude an adipose origin for b3-adrenoceptor tran-
scripts since a significant amount of adipose tissue was found
in the samples (36). As adipocytes are rare in endomyocardial
biopsies, it is not surprising that no specific products corre-
sponding to the human hormone-sensitive lipase gene were
detected in our own samples. Yet this would indicate that ex-
pression of b3-adrenoceptors in the human ventricle was not
due to the presence of adipocytes.

Previous in vivo studies have evaluated whether b3-adreno-
ceptors exist in the cardiovascular system. In dogs, intrave-
nously administered b3-adrenoceptor agonists induced a posi-
tive chronotropic effect (18). Because positive chronotropic
effects were not observed in denervated animals, it was con-
cluded that tachycardia resulted from a baroreceptor-medi-
ated reflex in response to a drop in blood pressure caused by
the vasodilating action of b3-adrenoceptor agonists (14, 15).
Positive chronotropic and inotropic effects were also reported
in isolated dog atrium perfused with blood from a donor dog
injected with b3-adrenoceptor agonists. These effects were at-
tributed to b1-adrenoceptor stimulation (19) and could be in-
terpreted as resulting from baroreflex activation in the donor
dog. In the clinical setting, b3-adrenoceptor agonists were
shown to increase heart rate and blood pressure in man, an ef-
fect that was prevented by b2-adrenoceptor antagonists (21).
In vitro studies are more suitable to analyzing the cardiac ef-
fects of b3-adrenoceptors. A typical example of the masking

effects of baroreflex activation lies with 1,4-dihydropyridines,
which induce a negative inotropic effect in vitro, but a positive
chronotropic and inotropic effect in vivo as a consequence of
vasodilation (38). In mammalian hearts, purported “atypical
b-adrenoceptors” were suggested to be responsible for the
positive inotropic and chronotropic effects of partial b-adreno-
ceptor agonists such as pindolol and alprenolol (16). However,
human b3-adrenoceptors are distinct from atypical b-adrenocep-
tors of the mammalian heart inasmuch as the positive inotropic
and chronotropic effects of partial agonists are not observed in
isolated human tissues (17), and b3-adrenoceptor agonists in-
duced a negative inotropic effect opposite the reported effects
of “atypical b-adrenoceptors” stimulation in animals.

As the b3-adrenoceptor stimulation induced a marked neg-
ative inotropic effect, it could be hypothesized that this recep-
tor is not coupled to Gs protein. It has been previously shown
that in adipocytes b3-adrenoceptors could be linked to Gi pro-
teins (39, 40). Furthemore, the b2-adrenoceptor has recently
been shown to activate both Gs and Gi proteins (41). In our
study, in PTX-pretreated tissues, the negative inotropic effects
of BRL 37344 were markedly reduced, suggesting the involve-
ment of Gi proteins in the b3-adrenoceptor signaling pathway.
However, the negative inotropic effects of BRL 37344 are not
fully suppressed, either because Gi proteins are not completely
blocked by PTX or because another mechanism coexists with
the Gi pathway. Therefore, a more complete study will be nec-
essary to determine the receptor-effector pathways.

The present study raises the question as to the role of b3-
adrenoceptors in cardiac diseases. In heart failure, increased
activity of the sympathetic nervous system leads to downregu-
lation of cardiac b1- and b2-adrenoceptors (22) resulting from
their phosphorylation by cAMP-dependent protein kinase or
b-adrenoceptor kinase. Reduced b1- and b2-adrenoceptors
lead to a decrease in the contractile response to b-adrenocep-
tor agonists. Contrary to b1- and b2-adrenoceptors, b3-adreno-
ceptors lack phosphorylation sites for cAMP-dependent pro-
tein kinase or b-adrenoceptor kinase (3), and thus may not be
downregulated in heart failure. According to this hypothesis,
the high adrenoceptor tone during heart failure may alter the
cardiac contractile activity as a result of unmasked b3-adreno-
ceptor stimulation in the presence of reduced b1- and
b2-adrenoceptors. Finally, the present study also has implica-
tion in clinical pharmacology. Indeed, the development of
b3-adrenoceptor agonists have led to the elaboration of prom-

Figure 6. b3-adrenoceptor mRNA expression in human myo-
cardium. (A) The negative of an agarose gel electrophoresis 
photo of b3-adrenoceptor cDNA amplified by PCR. PolyA1 
RNAs were subjected (1) or not (2) to reverse transcription. 
Size markers (M) are the 100-bp DNA ladder. (B) Southern 
blot hybridized to a human b3-adrenoceptor cDNA probe. 
The membrane was autoradiographed for 14 h.
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ising new drugs. The predicted therapeutic indications for
these drugs are obesity and obesity-linked diabetes. However,
we have demonstrated that b3-adrenoceptors are also involved
in regulation of the mechanical and electrophysiological activi-
ties of the human heart and thus may produce cardiac side ef-
fects. Clearly, further studies are needed to address the precise
role of cardiac b3-adrenoceptor in human cardiac physiology
and physiopathology.
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