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1 We have previously shown (Malinowska & Schlicker, 1996) that the atypical b-adrenoceptor involved
in the positive chronotropic e�ect of the so-called non-conventional partial b-adrenoceptor agonists CGP
12177 and cyanopindolol in the pithed rat possesses properties markedly di�erent from those observed
for b3-adrenoceptors in the literature. In the present study, we have directly compared the
pharmacological properties of the atypical cardiostimulant b-adrenoceptor and of the b3-adrenoceptor
mediating the thermogenic response in the brown adipose tissue in pithed and vagotomized rats.

2 Heart rate was dose-dependently increased by CGP 12177 and cyanopindolol by maximally 150 and
100 beats min71, yielding pED50 values of 8.0 and 7.3, respectively (pED50, 7log10 of the dose in mol
kg71 body weight i.v. causing the half-maximum e�ect), but not a�ected by the selective b3-adrenoceptor
agonist CL 316243 (pED5046.0).

3 CGP 12177, cyanopindolol and CL 316243 increased temperature in the brown adipose tissue by
maximally 18C (pED50 values 7.4, 6.3 and 8.6, respectively).

4 The b1-adrenoceptor antagonist CGP 20712 10 mmol kg71, attenuated the cardiostimulatory e�ect of
CGP 12177 and, at a still higher dose (30 mmol kg71), also antagonized its thermogenic e�ect. The
7log10 values of the doses causing a two fold shift of the dose-response curves (DRCs) of CGP 12177 to
the right were 6.1 and 5.2, respectively, and were much lower than the corresponding value for the
antagonism of CGP 20712 against the b1-adrenoceptor-mediated positive chronotropic e�ect which was
8.6.

5 The cardiostimulant and the thermogenic e�ect of CGP 12177 were not a�ected by the b2-
adrenoceptor antagonist ICI 118551 10 mmol kg71.

6 The b3-adrenoceptor antagonist SR 59230A (which, by itself, caused a b1-adrenoceptor-mediated
increase in heart rate and, for this reason, was studied after administration of a low dose of CGP 20712)
attenuated the cardiostimulant and the thermogenic e�ect of CGP 12177 to a similar extent. The 7log10
values of the doses causing two fold rightward shifts of the DRCs of CGP 12177 were 5.9 and 5.7,
respectively.

7 The non-selective b-adrenoceptor antagonist bupranolol diminished the cardiostimulant and
thermogenic response to a very similar extent. The 7log10 values causing two fold rightward shifts of
the DRCs of CGP 12177 were 5.6 and 5.7, respectively, and were much lower than the corresponding
values for the antagonism of bupranolol against the b1-adrenoceptor-mediated positive chronotropic
e�ect and the b2-adrenoceptor-mediated decrease in diastolic blood pressure which were 7.6 and 8.3,
respectively.

8 The rank order of agonistic potencies for the cardiostimulant e�ect (CGP 121774cyanopindolol 4
CL 316243) di�ers from that for the thermogenic response in the brown adipose tissue (CL
3162434CGP 121774cyanopindolol); furthermore, there is a di�erence with respect to the rank orders
of antagonistic potencies for cardiostimulation (CGP 207125SR 59230A5bupranolol4ICI 118551) and
thermogenesis (SR 59230A=bupranolol4CGP207124ICI 118551).

9 In conclusion, our study provides further evidence that the atypical cardiostimulant b-adrenoceptors
(causing an increase in heart rate) and b3-adrenoceptors are pharmacologically di�erent.

Keywords: Pithed rat; positive chronotropic e�ect; brown adipose tissue thermogenesis; atypical b-adrenoceptors;
b3-adrenoceptors; CGP 12177; CL 316243; CGP 20712; SR 59230A; bupranolol

Introduction

Two cardiac atypical b-adrenoceptors (i.e. b-adrenoceptors
di�erent from b1- and b2-adrenoceptors) have been identi®ed
recently. One of these receptors is cardioinhibitory, i.e.
causes a negative inotropic e�ect, and was found in human
ventricular biopsies (Gauthier et al., 1996). The second
atypical b-adrenoceptor causes a positive inotropic and
chronotropic e�ect; this cardiostimulant b-adrenoceptor has
been identi®ed in vitro in cardiac preparations of rats, gui-

nea-pigs, cats (for review, see Kaumann, 1989; 1997) and
man (Kaumann, 1996) and in situ in the pithed rat (Mali-
nowska & Schlicker, 1996).

With respect to the pharmacological properties of these two
atypical b-adrenoceptors, the situation is very clear for the
cardioinhibitory b-adrenoceptor. This receptor ful®lls the cri-
teria for a b3-adrenoceptor as suggested by Arch & Kaumann
(1993): The negative inotropic e�ect is (i) blocked only by a
high concentration of a b-adrenoceptor antagonist (buprano-
lol), (ii) mimicked by selective b3-adrenoceptor agonists (BRL
37344, CL 316243 and SR 58611) and (iii) mimicked by CGP
12177 (belonging to the socalled non-conventional partial
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b-adrenoceptor agonists (Kaumann, 1989), i.e. drugs which
block b1- and/or b2-adrenoceptors at concentrations much
lower than those at which they activate cardiostimulant aty-
pical b-adrenoceptors) (Gauthier et al., 1996). On the other
hand, the situation is more complex with the atypical cardi-
ostimulant b-adrenoceptor. Although the e�ect is mimicked by
non-conventional partial b-adrenoceptor agonists and blocked
by high concentrations of bupranolol, it is not mimicked by
selective b3-adrenoceptor agonists; the selective b3-adrenocep-
tor agonists also fail to block the cardiostimulant e�ect caused

by CGP 12177 (Kaumann & Molenaar, 1996; Malinowska &
Schlicker, 1996). Hence, the conclusion was reached that the
atypical cardiostimulant b-adrenoceptor is di�erent from b3-
adrenoceptors (Kaumann & Molenaar, 1996; Malinowska &
Schlicker, 1996).

Our present study was aimed to ®nd further evidence for
di�erences between atypical cardiostimulant b-adrenoceptors
and b3-adrenoceptors. In our previous study (Malinowska &
Schlicker, 1996), we had examined the properties of the aty-
pical cardiostimulant b-adrenoceptor in pithed and vagoto-
mized rats by studying the increase in heart rate caused by the
non-conventional partial b-adrenoceptor agonists CGP 12177
and cyanopindolol. In the present study, we have simulta-
neously recorded a b3-adrenoceptor-mediated e�ect as well.
For this purpose, we have chosen thermogenesis in the brown
adipose tissue (BAT), an e�ect studied previously in pithed
(Oriowo et al., 1994) and anaesthetized rats (Manara et al.,
1996).

Methods

Male Wistar rats weighing 130 ± 190 g were anaesthetized with
pentobarbitone 300 mmol kg71, i.p. and then injected i.p. with
atropine 2 mmol kg71. After cannulation of the trachea the
animals were pithed and arti®cally ventilated with air (60
strokes min71) by use of a respiratory system (Medipan,
Warsaw, Poland). Both vagal nerves were cut. Heart rate was
derived from the ECG recorded via subcutaneous electrodes.
Diastolic blood pressure was measured from the right carotid
artery via a pressure transducer (Gould P23ID). The electrodes
for the ECG and the pressure transducer were connected to the
monitor Trendscope 8031 (S&W Vickers Ltd, Bia ystok, Po-
land). The left femoral vein was cannulated for i.v. injections
of drugs administered in a volume of 0.5 ml kg71 (1.2 ml kg71

in the case of SR 59230A). Following pithing, diastolic blood
pressure was routinely raised to 80 ± 100 mmHg by infusion of
vasopressin (0.04 ± 0.4 i.u. kg71 min71) into the right femoral
vein.

Rats were placed ventrally on a thermostatically controlled
heating table. Body temperature was kept constant at ap-
proximately 368C and monitored by a rectal probe transducer
connected to the monitor Trendscope 8031. A small incision
was made in the intrascapular region. A `miniature' thermistor
was placed under the intrascapular brown pad to monitor its
temperature (TBAT; the studied temperature) and a similar
rectal probe for rats was inserted into the rectum (monitor of
TCORE, the reference temperature). Both thermistors were
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Figure 1 E�ects of three b-adrenoceptor ligands on heart rate (HR;
a) and brown adipose tissue temperature (TBAT; b) in pithed and
vagotomized rats. Each dose of CL 316243 and cyanopindolol was
examined in a separate animal. In the case of CGP 12177, the two
lower doses were applied to one rat, whereas each of the higher doses
was studied in separate animals. The ®rst or only dose was given 5
min after injection of saline. CL 316243 failed to a�ect heart rate.
Means of 3 ± 11 rats; vertical lines show s.e.mean. For many points
s.e.mean is contained within the symbols.

Table 1 Agonistic potencies of three b-adrenoceptor
ligands in pithed and vagotomized rats

pED50

Increase in Brown adipose tissue
Drug heart rate1 thermogenesis2

CL 316243
CGP 12177

Cyanopindolol

56
8.03

8.14

7.33

8.63

7.43

7.34

6.33

1As pED50 that dose was determined graphically from
Figure 1 or 7 which caused an increase in heart rate
(beats min71) by 75 (CGP 12177) and 50 (cyanopindolol).
2As pED50 that dose was determined graphically from
Figure 1 or 7 which caused an increase in temperature in
brown adipose tissue by 0.58C. In the case of cyanopindolol
(for which a complete dose-response curve could not be
constructed) we assumed that the same maximum would be
reached as in the case of CL 316243 or CGP 12177.
3Determined from Figure 1. 4Determined from Figure 7 in
the presence of CGP 20712 0.1 mmol kg71 and ethylene
glycol.
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connected to the multipurpose thermometer BAT-10 (Physi-
temp Instruments Inc., New Jersey, U.S.A.). After 20 ± 30 min
of equilibration, during which both the cardiovascular and
temperature parameters were allowed to stabilize, experiments
were performed.

Experimental protocol

Each dose of b-adrenoceptor agonist was studied in a separate
animal (only in the case of CGP 12177, the two lower doses
were administered to one rat). The ®rst or only dose of b-
adrenoceptor agonist was given 5 min after injection of saline
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Figure 2 E�ects of the three b3-adrenoceptor agonists CL 316243
(CL), BRL 37344 (BRL) and ZD 2079 (ZD) and of the two non-
conventional partial b-adrenoceptor agonists CGP 12177 (CGP) and
cyanopindolol (CYP) on heart rate (HR; a) and brown adipose tissue
temperature (TBAT; b) in pithed and vagotomized rats. The b-
adrenoceptor ligand under study was applied 5 min after saline.
Means+s.e.mean of 5 ± 10 rats.
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Figure 3 E�ects of CGP 12177 on heart rate (HR; a) and brown
adipose tissue temperature (TBAT; b) in pithed and vagotomized rats
and its interaction with the b2-adrenoceptor antagonist ICI 118551
and the non-selective b-adrenoceptor antagonist bupranolol. The two
lower doses of CGP 12177 were applied to one rat, whereas each of
the higher doses was studied in separate animals. The ®rst or only
dose was given 5 min after injection of saline (control), ICI 118551
10 mmol kg71 or bupranolol 10 mmol kg71. Means of 4 ± 11 rats;
vertical lines show s.e.mean. For many points s.e.mean is contained
within the symbols. **P50.01, ***P50.001 compared to the
corresponding value without bupranolol.
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(control) or one of the b-adrenoceptor antagonists. In some
experiments, b-adrenoceptor antagonists (SR 59230A and
bupranolol or their vehicles ethylene glycol and saline, re-
spectively) were administered immediately after injection of
CGP 20712 0.1 mmol kg71 and 5 min before the ®rst dose of
CGP 12177. The b-adrenoceptor agonist-induced changes in
the temperature of the brown adipose tissue (BAT), heart rate
and blood pressure were recorded simultaneously in the same
rat.

Calculations and statistics

To determine the potency (pED50) of the non-conventional
partial b-adrenoceptor agonists in increasing heart rate, the
negative log10 values of the doses (in mol kg71 body weight,
i.v.) causing an increase in heart rate of 75 beats min71 (CGP
12177) or 50 beats min71 (cyanopindolol) were calculated. To
determine the potency of CGP 12177, cyanopindolol and CL
316243 for their thermogenic e�ect, the 7log10 values of the
doses causing an increase in BAT temperature of 0.58C were
calculated. The antagonistic potency of the b-adrenoceptor
antagonists towards the tachycardic and thermogenic respon-
ses to the b-adrenoceptor agonists was calculated according to
the formula: log10 ([E']/[E] - 1) 7 log10 [B], where [E'] and [E]
are the ED50 values of the agonist with or without previous
administration of the antagonist, respectively, and [B] is the
dose of the antagonist. Results are given as means+ s.e.mean
throughout the paper (n: number of rats). For comparison of
mean values, the t test for unpaired or paired data was used.
When two or more treatment groups were compared to the
same control group, Bonferroni's procedure was used. The
di�erences were considered as signi®cant when P50.05.

Drugs used

Atropine sulphate, [Lys8]-vasopressin (Sigma, Munich,
Germany), BRL 37344 ((R*R*)-(+)-4-(2'-[2-hydroxy-2-(3-
chlorophenyl)-ethylamino]propyl)phenoxyacetate; SmithKline
Beecham, Epsom, U.K.), CGP 12177 ((+)- 4-(3-t-butylamino -
2 - hydroxypropoxy)-benzimidazol - 2 - one), CGP 20712 ((+) -
1 - [2- (3 - carbamoyl-4- hydroxyphenoxy)ethylamino] - 3- [4-(1 -
methyl - 4-tri¯uoromethyl-2-imidazolyl)-phenoxy]-2-propanol)
(Ciba-Geigy, Basel, Switzerland), CL 316243 ((R, R)-5-[2 - [[2 -
(3-chlorophenyl)-2-hydroxyethylamino]propyl]-1,3-benzodiox-
ole-2,2-dicarboxylate; American Cyanamid Company, Pearl
River, U.S.A.), ICI 118551 (erythro-(+)-1-(7-methylindan-4-
yloxy)-3-isopropylaminobutan-2-ol; ICI Pharmaceuticals,
Maccles®eld, U.K.), ZD 2079 ((+)-1-phenyl-2-(2-(4 - carboxy-
methylphenoxy) - ethylamino) - ethan -1-ol; Zeneca Pharma-
ceuticals, Maccles®eld, U.K.), SR 59230A (3-(2-ethyl-
phenoxy) - 1 - [(1S) - 1,2,3,4-tetrahydronaphth-1-ylamino]-2S-2-
propanol oxalate; Sano®, Milan, Italy), cyanopindolol (Sandoz
Pharma Ltd, Basel, Switzerland), bupranolol (Schwarz Pharma

AG, Monheim, Germany), pentobarbitone (Biowet, Pu awy,
Poland).

Drugs were dissolved in water (pentobarbitone, atropine),
in saline (BRL 37344, CGP 12177, CL 316243, ZD 2079,
ICI 118551, cyanopindolol, bupranolol), in a mixture of
saline and dimethylsulphoxide (DMSO) (16 : 1 CGP 20712,
27 : 1 ZD 2079) or in a mixture of saline and ethylene glycol
(1 : 1 SR 59230A). Since the vehicle for SR 59230A caused a
short-lasting decrease in blood pressure, this drug or its
vehicle were administered very slowly over a time period of
30 ± 60 s; thus, the fall in blood pressure (which recovered
within 5 min, i.e. before the agonist under study was ad-
ministered) did not exceed 20 mmHg. Other solvents did not
a�ect cardiovascular parameters. None of the solvents
a�ected temperature.

Results

General

Basal heart rate, immediately before administration of one of
the b-adrenoceptor agonists, ranged between 300 and 400
beats min71. Before the injection of b-adrenoceptor ligands,
the temperature in the BAT exceeded that in the rectum by 0.9
to 1.38C (rectal temperature was not a�ected by any of the b-
adrenoceptor ligands used in the present study).

In¯uence of non-conventional partial b-adrenoceptor
agonists and b3-adrenoceptor agonists on heart rate and
brown adipose tissue thermogenesis

CGP 12177 and cyanopindolol increased heart rate and BAT
temperature in a dose-dependent manner (Figure 1). The
maximal e�ects of CGP 12177, obtained at a dose of
1 mmol kg71, were 148.5+5.0 beats min71 and 0.95+0.078C,
respectively. The maximal positive chronotropic e�ect to cya-
nopindolol (obtained at 1 mmol kg71) was by about 30%
(P50.001) lower than that elicited by CGP 12177. (With re-
spect to the thermogenic response to cyanopindolol, the exact
maximum e�ect could not be determined since a complete dose-
response curve could not be constructed). The b3-adrenoceptor
agonist CL 316243 also caused a dose-dependent increase in
BAT temperature, maximally by 1.04+0.108C (Figure 1), but
failed to a�ect heart rate at doses up to 1 mmol kg71. The
agonistic potencies of the three compounds for their cardios-
timulant and thermogenic e�ects are given in Table 1.

Figure 2 shows that CGP 12177 and cyanopindolol at doses
roughly corresponding to their ED50 values for their positive
chronotropic e�ect increased BAT temperature only slightly.
Conversely, CL 316243 and another two b3-adrenoceptor
agonists, BRL 37344 and ZD 2079, at doses causing an in-
crease in BAT temperature by about 0.6 ± 0.78C (i.e. more than

l

Table 2 Antagonistic potencies of four b-adrenoceptor antagonists towards e�ects mediated via four types of b-adrenoceptors in
pithed and vagotomized rats

Negative log of the dose of the antagonist causing a two fold rightward shift of
the dose-response curve of the respective agonist1

b1-adrenoceptor- b2-adrenoceptor- Atypical b-adreno- b3-adrenoceptor-
mediated mediated decrease ceptor mediating mediated increase

b-adrenoceptor increase in diastolic increase in heart in brown adipose
antagonist in heart rate blood pressure rate tissue temperature

CGP 20712
ICI 118551
SR 59230A
Bupranolol

8.62

ND
ND
7.62

ND
8.42

ND
8.32

6.23, 6.04, 6.35

556

5.97

5.66

5.24

556

5.77

5.76

1The following agonists were used: prenalterol (b1-adrenoceptor), fenoterol (b2-adrenoceptor), CGP 12177 (atypical b-adrenoceptor and
b3-adrenoceptor, footnotes 3, 4, 6 and 7), cyanopindolol (atypical b-adrenoceptor, footnote 5). 2From Malinowska & Schlicker (1996),
3Determined from Figure 4, CGP 20712 dose 10 mmol kg71. 4From Figure 4, CGP 20712 dose 30 mmol kg71. 5From Figure 5; 6From
Figure 3; 7From Figure 7. ND, not determined.
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the half-maximum e�ect of CL 316243) failed to a�ect (CL
316243) or only very slightly increased heart rate (BRL 37344
and ZD 2079) (Figure 2).

In¯uence of b-adrenoceptor antagonists on the changes
in heart rate and brown adipose tissue temperature
induced by non-conventional partial b-adrenoceptor
agonists and/or CL 316243

The non-selective b-adrenoceptor antagonist bupranolol
10 mmol kg71 attenuated the positive chronotropic e�ect and

the increase in BAT temperature in response to CGP 12177 to
a similar extent (Figure 3; for antagonistic potencies, see Table
2). A high dose of the b1-adrenoceptor antagonist CGP 20712
(10 mmol kg71) diminished the increase in heart rate induced
by CGP 12177 (Figure 4a) and cyanopindolol (Figure 5a) but
had no e�ect on the increase in BAT temperature elicited by
CGP 12177 (Figure 4b), cyanopindolol (Figure 5b) and CL
316243 (Figure 6). At a higher dose, 30 mmol kg71, CGP 12177
also reduced the increase in BAT temperature induced by CGP
12177 (Figure 4b; for antagonistic potencies, see Table 2). As
shown in Figure 3, a high dose of the b2-adrenoceptor an-
tagonist ICI 118551 (10 mmol kg71) failed to a�ect the CGP
12177-induced changes both in heart rate and BAT tempera-
ture.

The b3-adrenoceptor antagonist SR 59230A 10 mmol kg71

increased heart rate by itself by 28.5+4.8 beats min71 (n= 4);
this e�ect was abolished by the b1-adrenoceptor antagonist
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Figure 4 E�ects of CGP 12177 on heart rate (HR; a) and brown
adipose tissue temperature (TBAT; b) in pithed and vagotomized rats
and its interaction with the b1-adrenoceptor antagonist CGP 20712.
The two lower doses of CGP 12177 were applied to one rat, whereas
each of the higher doses was studied in separate animals. The ®rst or
only dose was given 5 min after injection of saline (control), CGP
20712 10 mmol kg71 or 30 mmol kg71. Means of 4 ± 11 rats; vertical
lines show s.e.mean. For many points s.e.mean is contained within
the symbols. *P50.05, **P50.01, ***P50.001 compared to the
corresponding value without CGP 20712.
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Figure 5 E�ects of cyanopindolol on heart rate (HR; a) and brown
adipose tissue temperature (TBAT; b) in pithed and vagotomized rats
and its interaction with the b1-adrenoceptor antagonist CGP 20712.
Each dose of cyanopindolol was studied in separate animals; it was
given 5 min after injection of saline (control) or CGP 20712
10 mmol kg71. Means of 4 ± 5 rats; vertical lines show s.e.mean.
For some points s.e.mean is contained within the symbols. *P50.05,
**P50.01, ***P50.001 compared to the corresponding value
without CGP 20712.
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CGP 20712 0.1 mmol kg71 (n = 6, not shown). The in¯uence
of SR 59230A on the CGP 12177-induced changes in heart rate
and BAT temperature was, therefore, examined in the presence
of the b1-adrenoceptor antagonist CGP 20712 0.1 mmol kg71.
Administration of CGP 20712 0.1 mmol kg71 had no in¯uence
on the CGP 12177-stimulated increase in heart rate and BAT
temperature (Figure 7) or the degree of inhibition by bupra-
nolol of the CGP 12177-induced e�ects (compare Figures 3
and 7). The vehicle for SR 59230A (ethylene glycol) also did
not a�ect the CGP 12177-induced positive chronotropic and
thermogenic response (Figure 7). SR 59230A 10 mmol kg71

attenuated the CGP 12177-evoked increase in heart rate and
BAT temperature to a similar degree (Figure 7; for antago-
nistic potencies, see Table 2).

Basal heart rate, determined at the moment of administra-
tion of the agonist, was not a�ected by CGP 20712 1 mmol kg71

but was decreased by CGP 20712 10 and 30 mmol kg71 (by 5
and 15%, respectively) and by bupranolol 10 mmol kg71 (by
7%). ICI 118551 10 mmol kg71 caused a short-lived decrease in
heart rate which already had recovered when the agonist under
study was administered (Malinowska & Schlicker, 1996). None
of the b-adrenoceptor antagonists induced changes in BAT
temperature (data not shown).

Discussion

In the present study, the properties of the b3-adrenoceptor
increasing BAT temperature (for review, see Arch & Kau-
mann, 1993; Galitzky et al., 1995; Strosberg & Pietri-Rouxel,
1996) and the atypical b-adrenoceptor increasing heart rate
were directly compared in pithed and vagotomized rats. In our
experiments, the level of basal blood pressure was increased by
[Lys8]-vasopressin in order to allow comparisons with our
previous study (Malinowska & Schlicker, 1996); furthermore,
a high level of blood pressure proved favourable for measuring
thermogenesis in BAT. As in our previous study, we used non-
conventional partial b-adrenoceptor agonists (CGP 12177,
cyanopindolol), selective b3-adrenoceptor agonists (CL
316243, BRL 37344, ZD 2079), the selective b1- and b2-adre-
noceptor antagonists CGP 20712 and ICI 118551, respectively,
and the non-selective b-adrenoceptor antagonist bupranolol.
In addition, the recently described b3-adrenoceptor antagonist
SR 59230A (Manara et al., 1995) was used.

The non-conventional partial b-adrenoceptor agonist cya-
nopindolol increased heart rate at a lower potency than CGP
12177 (Table 1). The maximal positive chronotropic e�ect of
cyanopindolol was about 30% lower than that of CGP 12177.
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Figure 6 E�ects of CL 316243 on brown adipose tissue temperature
(TBAT) in pithed and vagotomized rats and its interaction with the
b1-adrenoceptor antagonist CGP 20712. Each dose of CL 316243 was
studied in separate animals. It was given 5 min after injection of
saline (control) or CGP 20712 10 mmol kg71. Means of 3 ± 5 rats;
vertical lines show s.e.mean.
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Figure 7 E�ects of CGP 12177 on heart rate (HR; a) and brown
adipose tissue temperature (TBAT; b) in pithed and vagotomized rats
and its interaction with b-adrenoceptor antagonists. The two lower
doses of CGP 12177 were applied to one rat, whereas each of the
higher doses was studied in separate animals. In most of the
experiments, the ®rst or only dose of CGP 12177 was given 5 min
after injection of the b1-adrenoceptor antagonist CGP 20712
0.1 mmol kg71 (CGP) co-administered either with the b3-adrenocep-
tor antagonist SR 59230A 10 mmol kg71 (or its vehicle ethylene
glycol) or with the non-selective b-adrenoceptor antagonist bupra-
nolol 10 mmol kg71 (or its vehicle saline). For comparison, the CGP
12177-induced changes in heart rate and BAT temperature are also
shown for rats which received saline but no CGP 20712. Means of
4 ± 6 rats; vertical lines show s.e.mean. For many points s.e.mean is
contained within the symbols. *P50.05, **P50.01, ***P50.001
compared to the corresponding value without SR 59230A or
bupranolol.
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Cyanopindolol and CGP 12177 have been shown to evoke a
positive chronotropic and, in addition, a positive inotropic
e�ect on rat isolated cardiac tissue and were approximately
equipotent in this respect (Kaumann & Molenaar, 1996). Also
in the latter study, cyanopindolol elicited a lower maximal
response than CGP 12177 (around 50% compared to CGP
12177). Thus, we suppose that cyanopindolol is a partial
agonist at the atypical b-adrenoceptor in the heart.

The selective b3-adrenoceptor agonist CL 316243 (Dolan et
al., 1994) elicited a thermogenic response in the BAT at doses
lower than those of CGP 12177 and cyanopindolol. Doses of
CGP 12177 and cyanopindolol that roughly correspond to
their ED50 values for their cardiostimulant e�ect only slightly
increased BAT temperature. On the other hand, the three b3-
adrenoceptor agonists at doses causing about two thirds of the
maximal thermogenic response of CL 316243 did not a�ect
heart rate (CL 316243) or only marginally increased it (BRL
37344, ZD 2079). Note that the latter increase in heart rate is
related to the activation of b1- and/or b2-adrenoceptors (Or-
iowo et al., 1994; Cohen et al., 1995; Malinowska & Schlicker,
1996).

Among the b-adrenoceptor antagonists, bupranolol, at a
dose much higher than that antagonizing b1- and b2-adreno-
ceptor-mediated e�ects (Table 2), counteracted the tachycardia
and the thermogenic response caused by CGP 12177 at a very
similar potency. Bupranolol, which is a weak antagonist at the
cardiostimulant atypical b-adrenoceptor (Kaumann, 1989;
1997; Arch & Kaumann, 1993) and at the b3-adrenoceptor
(Arch & Kaumann, 1993; Blin et al., 1993; Strosberg & Pietri-
Rouxel, 1996; Kaumann, 1997), also antagonized the b3-
adrenoceptor-mediated relaxation of the rat colon and, at least
equipotently, the positive inotropic and chronotropic e�ects
mediated via the atypical b-adrenoceptor in the rat heart in
vitro (Kaumann & Molenaar, 1996).

CGP 20712, at a dose much higher than that antagonizing
b1-adrenoceptor-mediated e�ects (Table 2), antagonized the
tachycardia mediated via the atypical b-adrenoceptor and, at a
still higher dose, counteracted the thermogenic response
mediated via b3-adrenoceptors. These ®ndings can be recon-
ciled with those obtained by Kaumann & Molenaar (1996) for
the atypical b-adrenoceptor and the b3-adrenoceptor in the rat
isolated heart and colon, respectively. CGP 20712 10 and
30 mmol kg71 and bupranolol 10 mmol kg71 decreased heart
rate by themselves. The possibility that this e�ect interferes
with the ability of both drugs to antagonize the cardiostimu-
lant e�ect is unlikely since the estimates of antagonistic po-
tency based on the doses of 10 and 30 mmol kg71 CGP 20712
did not di�er from that of the dose of 1 mmol kg71 CGP
20712, which did not a�ect heart rate by itself (Malinowska &
Schlicker, 1996).

ICI 118551, at doses/concentrations much higher than those
antagonizing e�ects mediated via b2-adrenoceptors (Table 2),
failed to a�ect the atypical cardiac b-adrenoceptor and the b3-
adrenoceptor, both in situ (present study) and in vitro (Kau-
mann & Molenaar, 1996).

SR 59230A counteracted the b3-adrenoceptor-mediated
thermogenic response in the present experiments on pithed
rats as expected from the paper by Manara et al. (1996), in
which it antagonized the b3-adrenoceptor-mediated increase
in BAT temperature and inhibition of colonic motility in the
anaesthetized rat. Surprisingly, SR 59230A equipotently
antagonized the tachycardia mediated via the atypical b-
adrenoceptor and the b3-adrenoceptor-mediated thermogen-
esis in the present study. We cannot satisfactorily explain
this phenomenon, which is in marked contrast with the in
vitro ®ndings of Kaumann & Molenaar (1996), who found
that the potency of SR 59230A at the b3-adrenoceptor ex-
ceeded that at the cardiac atypical b-adrenoceptor by at
least one log unit. SR 59230A increased heart rate by itself
and this e�ect was abolished by a low dose of CGP 20712,
i.e. is mediated via b1-adrenoceptors. CGP 20712
0.1 mmol kg71 was, therefore, used in all experiments with
SR 59230A. The possibility that the presence of CGP 20712

was the reason for the antagonistic e�ect of SR 59230A at
the atypical b-adrenoceptor can be excluded, since another b
blocker, bupranolol, attenuated the tachycardia of CGP
12177 to the same extent, regardless of whether CGP 20712
0.1 mmol kg71 was administered or not. In addition, the
solvent for SR 59230A, ethylene glycol, cannot account for
the discrepancy since this solvent, given alone, had no in-
¯uence on the response mediated via the atypical cardiac b-
adrenoceptor.

Our ®ndings provide direct evidence that, also in situ, the
atypical cardiostimulant b-adrenoceptor and the b3-adreno-
ceptor can be di�erentiated pharmacologically. This is re-
¯ected by the di�erent rank orders both of agonistic and
antagonistic potencies. With respect to the agonists, the rank
order was CGP 121774cyanopindolol4CL 316243 for the
cardiostimulant b-adrenoceptor and CL 3162434CGP
121774cyanopindolol for the b3-adrenoceptor (Table 1).
With respect to the antagonists, the rank orders were CGP
207125SR 59230A5bupranolol4ICI 118551 (cardiostimu-
latory b-adrenoceptor) and SR 59230A = bupranolol4CGP
207124>ICI 118551 (b3-adrenoceptor) (Table 2). Note that
the di�erence in the rank orders of potency between heart
rate and BAT temperature is caused by only one drug, both
with respect to the agonists (CL 316243) and antagonists
(CGP 20712).

According to the ®ndings of the present study, the aty-
pical cardiac b-adrenoceptors and the BAT b3-adrenoceptors
di�er in three respects. Firstly, selective b3-adrenoceptor
agonists induce BAT thermogenesis at doses lower than 1
mmol kg71 but do not exert any speci®c e�ects at atypical
cardiac b-adrenoceptors. Secondly, the non-conventional
partial b-adrenoceptor agonists are more potent at the aty-
pical cardiostimulant b-adrenoceptor than at the b3-adreno-
ceptor. Thirdly, CGP 20712 is markedly more potent in
diminishing the positive chronotropic e�ect than in attenu-
ating the b3-adrenoceptor-mediated BAT thermogenic re-
sponse.

In conclusion, the present in situ study and the in vitro study
by Kaumann & Molenaar (1996), in both of which the prop-
erties of the atypical cardiostimulant b-adrenoceptor were di-
rectly compared to those of a b3-adrenoceptor, clearly show
that the two receptors are pharmacologically di�erent. The
di�erences between the study of Kaumann & Molenaar (1996)
and our own study with respect to the cardiostimulant b-
adrenoceptor should not be overinterpreted; they may be, at
least partially, explained by the more complex situation for a
drug in situ than in vitro. The atypical cardiostimulant b-
adrenoceptor has so far not attracted much attention; such a
receptor has not yet been cloned and its physiological/patho-
physiological role is unclear. The activation of this receptor by
catecholamines also remains to be established. However, in
this context, unpublished binding data obtained by Kaumann
(1997) are of interest. In rat atrial membranes, (-)-[3H]-CGP
12177 labels binding sites, di�erent from b3-sites, which are
stereoselectively inhibited by catecholamines and, in addition,
are displaced by b-adrenoceptor ligands at a�nities ®tting to
their potencies at the cardiostimulant b-adrenoceptor.
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