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bupranolol analogues

"Barbara Malinowska, ’Katarzyna Kie¢-Kononowicz, *Karsten Flau, 'Grzegorz Godlewski,
"Hanna Kozlowska, *Markus Kathmann & *Eberhard Schlicker

1Zaktad Fizjologii Doswiadczalnej, Akademia Medyczna w Biatymstoku, ul. Mickiewicza 2A, 15-230 Biatystok 8, Poland; 2Zaktad
Technologii Chemicznej Srodkow Leczniczych, Uniwersytet Jagiellonski, Collegium Medicum, ul. Medyczna 9, 30-688 Krakow,
Poland and *Institut fiir Pharmakologie und Toxikologie, Universitit Bonn, Reuterstrasse 2b, 53113 Bonn, Germany

1 Atypical p-adrenoceptors resistant to propranolol, but blocked by bupranolol, increase contractile
force and/or frequency of the heart in humans and rats. We compared the potencies of the
enantiomers of bupranolol and examined the possible effects of seven bupranolol analogues including
bevantolol (BEV) at this receptor in pithed and vagotomized rats.

2 CGP 12177, an agonist of the atypical fi-adrenoceptor, increased heart rate dose-dependently. Its
dose—response curve was shifted to the right by S-(—)-bupranolol 10 umolkg~! by a factor of 8.4, but
not affected by the same dose of R-(+ )-bupranolol.

3 Desmethylbupranolol and compounds BK-21, BK-22, BK-23 and BK-25 also increased heart rate
dose-dependently. The f;-adrenoceptor antagonist CGP 20712 given in combination with the
Br-adrenoceptor antagonist ICI 118,551 (0.1 umol kg~ each) reduced the positive chronotropic action
of the five bupranolol analogues without affecting that of CGP 12177. The potencies of the bupranolol
analogues to increase heart rate were correlated (r=0.91, P<0.05) with their affinities for
Bi-adrenoceptor binding sites in rat brain cortex membranes labelled with [PH]JCGP 12177 (in the
presence of ICI 118,551).

4 BK-26 and BEV, 10 umolkg™! each, had only minor effects on heart rate by themselves and did
not antagonize the effect of CGP 12177. However, at 1 umolkg™', they antagonized the increase in
heart rate elicited by the f§;-adrenoceptor agonist prenalterol.

5 In conclusion, bupranolol is a stereoselective antagonist at the atypical cardiostimulant
p-adrenoceptor. The effects of the bupranolol analogues are related to the activation or blockade

of f;-adrenoceptors, but not of atypical f-adrenoceptors.
British Journal of Pharmacology (2003) 139, 1548-1554. doi:10.1038/sj.bjp.0705390

Keywords: f;-Adrenoceptor; atypical cardiostimulant f-adrenoceptor; bupranolol enantiomers; bupranolol analogues; CGP
12177; PH]CGP 12177 binding; CGP 20712; pithed rat; positive chronotropic effect
Abbreviations: BEV, bevantolol; CON, control; DMB, desmethylbupranolol; DMSO, dimethyl sulphoxide; HR, heart rate; ISA,
intrinsic sympathomimetic activity
Introduction

A fourth type of p-adrenoceptors, which causes positive
inotropic and chronotropic effects, has been found in the
heart of humans (Kaumann, 1996; Bundkirchen ez al., 2002;
Sarsero et al., 2003), rats (Kaumann & Molenaar, 1996;
Malinowska & Schlicker, 1996; 1997; Cohen et al., 1999), mice
(Kaumann et al., 1998) and ferrets (Lowe et al., 1999; 2002),
both under in vitro (Kaumann, 1996; Kaumann & Molenaar,
1996; Kaumann et al., 1998; Lowe et al, 1999; 2002;
Bundkirchen et al., 2002; Sarsero et al., 2003) and in vivo
conditions (Malinowska & Schlicker, 1996; 1997). This
receptor, which will be termed ‘atypical cardiostimulant f-
adrenoceptor’ here (other names: putative f;-adrenoceptor or
low-affinity state of the f,-adrenoceptor), is activated by
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nonconventional partial agonists like CGP 12177 and cyano-
pindolol (i.e. drugs that block f;- and/or f,-adrenoceptors at
concentrations much lower than those required to activate
atypical -adrenoceptors or ff3-adrenoceptors; for a review, see
Kaumann & Molenaar, 1997). The cardiostimulant receptor is
relatively resistant to many f-adrenoceptor antagonists
including propranolol (Kaumann, 1996; Kaumann & Mole-
naar, 1996; Malinowska & Schlicker, 1996; 1997; Sarsero et al.,
1999; 2003), but is blocked by the nonselective f-adrenoceptor
antagonist, bupranolol, and by high concentrations of the f;-
adrenoceptor antagonist, CGP 20712 (Malinowska & Schlick-
er, 1996; 1997; Kaumann & Molenaar, 1997).

Recently, it has been suggested that the cardiostimulant
atypical f-adrenoceptor represents a special, propranolol-
resistant low-affinity state of the f;-adrenoceptor. Thus, the
positive inotropic and chronotropic effects of CGP 12177 in
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atria, although abolished in double f;-/f,-adrenoceptor
knockout mice, remained intact in f§,-adrenoceptor knockout
mice, indicating an obligatory role of the f,-adrenoceptor
(Kaumann et al., 2001). A previous study had already revealed
that the cardiostimulant atypical f-adrenoceptor, despite some
pharmacological similarities, is independent from the fs-
adrenoceptor since the cardiostimulant effects of CGP 12177
were not altered in f;-adrenoceptor knockout mice (Kaumann
et al., 1998).

A potential clinical significance of the cardiostimulant
atypical f-adrenoceptor has been suggested by several reports.
First, their activation elicits ventricular and atrial arrhythmias
(Lowe et al., 1998; Freestone et al., 1999; Sarsero et al., 1999).
Second, not only f;-adrenoceptors but also the atypical f-
adrenoceptors undergo downregulation upon failure of the
human and rat heart (Kompa & Summers, 1999; Sarsero et al.,
2003). Third, there is increasing evidence that activation of the
atypical f-adrenoceptor contributes to the intrinsic sympatho-
mimetic activity (ISA) shown by pindolol and alprenolol in the
human heart (Lowe et al., 2002). It has been suggested that
activation of the atypical cardiostimulant f-adrenoceptor by
the latter two compounds and by bucindolol might be
implicated in the failure of these f-adrenoceptor antagonists
to increase survival when taken by patients after myocardial
infarction (Bundkirchen ez al., 2002; Lowe et al., 2002).

Detailed studies on the function of the cardiostimulant
atypical f-adrenoceptors are, however, still limited by the lack
of appropriate pharmacological tools. For this purpose, the
potency of 11 clinically used f-blockers at the f;- and the
atypical cardiostimulant f-adrenoceptor was compared re-
cently by Lowe er al. (2002). The present study focused on
bupranolol, one of the most potent antagonists at the atypical
p-adrenoceptor. First, we examined whether the stereoselec-
tivity, a typical property at the f;- and f,-adrenoceptor
subtypes (Lemoine & Kaumann, 1983), also extends to the
atypical cardiostimulant f-adrenoceptor. Second, we examined
whether the atypical f-adrenoceptor is influenced by seven
analogues of bupranolol (including bevantolol (BEV)), which
differ from the parent compound with respect to the
substitution pattern of the phenoxy moiety and/or in which
the tertiary butyl moiety at the nitrogen of the side chain is
replaced by a 3,4-dimethoxyphenylethyl moiety. The experi-
ments were carried out in the pithed rat model in which a series
of related experiments has been performed previously (Mal-
inowska & Schlicker, 1996; 1997). In order to have an
independent estimate of the affinity of the drugs for the f3;-
adrenoceptor, the affinities of all compounds for f;-adreno-
ceptor binding sites labelled by [PH]JCGP 12177 (in the presence
of the f,-adrenoceptor antagonist ICI 118,551) were deter-
mined in rat brain cortex membranes.

Methods
Pithed rats

Male Wistar rats were anaesthetized with pentobarbital
300 umolkg~' and then injected with atropine 2 umolkg™".
After cannulation of the trachea, the animals were pithed and
artificially ventilated with air (60strokesmin™') using a
respiratory system (Hugo Sachs Elektronik, March-Hugstet-
ten, Germany). Both vagal nerves were cut. Diastolic blood

pressure was measured from the right carotid artery via a
pressure transducer (DTX, Spectramed, Bromma, Sweden).
Heart rate (HR) was recorded from the ECG by means of
subcutaneous electrodes. Body temperature was kept constant
at approximately 36°C using a heating table (BIO-SYS-TECH,
Biatystok, Poland) and monitored by a rectal probe thermo-
meter. The transducers were connected to the monitor
Trendscope 8031 (AxMediTec, Biatystok, Poland). The left
femoral vein was cannulated for i.v. administration of drugs in
a volume of 0.5mlkg™". Following pithing, vasopressin (0.04—
0.4i.u. kg~' min~") was routinely infused into the right femoral
vein to raise diastolic blood pressure to about 85 mmHg (like
in our previous studies; see Malinowska & Schlicker, 1996;
1997).

After 15-20min of equilibration, during which the cardio-
vascular parameters were allowed to stabilize, experiments
were performed. Like in our previous studies (Malinowska &
Schlicker, 1996; 1997), agonists were administered in a
noncumulative manner. Since recovery from the effects was
very slow, each dose of agonist was usually studied in a
separate animal. Only in some cases, the two lowest doses of
an agonist were injected to the same rat with sufficient time for
full recovery to the preinjection value after injection of the
lowest dose. The agonist was injected 5min after administra-
tion of the antagonist under study or vehicle.

Binding studies

Cerebral cortex membranes from male Wistar rats were
homogenized (Potter-Elvehjem) in 25 volumes of ice-cold
Tris-HCI buffer (Tris 50mMm, pH 7.5; EDTA 5mM; sucrose
10.27%) and centrifuged at 1000 x g for 10min (4°C). The
supernatant was centrifuged at 35,000 x g for 20 min (4°C) and
re-centrifuged (35,000 x g for 10min) twice with 15ml Tris-
HCl buffer (Tris 50 mm, pH 7.5; EDTA 5mwm). The final pellet
was resuspended in buffer and frozen at —80°C.

For saturation binding studies, membranes were incubated
with Tris-HCI buffer in a final volume of 0.5ml containing
110-220 pg protein, 70nm ICI 118,551 (selective fr-adreno-
ceptor antagonist) and eight concentrations (0.01-0.5nm) of
[PHICGP 12177. For displacement studies, membranes were
incubated with Tris-HCI buffer in a final volume of 0.5ml
containing 80—170 ug protein, 70 nm ICI 118,551 and [*'H]CGP
12177 at a concentration of 0.07 nm. The incubation (30°C)
was terminated after 30min by rapid filtration through
polyethylenimine (0.3%)-pretreated Whatman GF/C filters.
Propranolol (10 um) was used to determine nonspecific binding
(15% for [PH]CGP 12177 0.07 nMm). Protein concentration was
assayed by the method described by Bradford (1976).

Statistics and calculations

Results are given as means+s.e.m. of n experiments (pithed
rats) and n experiments in triplicate (binding studies). To
assess the potency (pEDs,) of the f-adrenoceptor ligands to
increase HR, we determined the negative logarithms of the
doses (in mol kg~' body weight, i.v.) causing an increase in HR
by 65 (CGP 12177), 50 (BK-25), 45 (desmethylbupranolol
(DMB), BK-21, BK-23) or 35beatsmin~' (BK-22). For
comparison of the mean values, the t-test for paired and
unpaired data was used. When two or more treatment groups
were compared to the same control (CON), the one-way
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analysis of variance (ANOVA) followed by the Dunnett test
was used. Differences were considered as significant when
P<0.05.

Radioligand binding curves were analysed by nonlinear
curve fitting using the computer program GraphPadPrism®
(Prism; GraphPad Software, San Diego, CA, U.S.A.) from
which the parameters B,,., and Kp, K; and ny; were determined.
The F-test was applied in order to evaluate whether the
inhibition of [PHJCGP 12177 binding by drugs is better fitted
by a one- or two-site model.

Drugs used

R,S-(+)-bupranolol hydrochloride, S-(—)-bupranolol hydro-
chloride, R-(+ )-bupranolol hydrochloride, DMB hydrochlor-
ide (SchwarzPharma AG, Monheim, Germany); BK-21 (base),
and hydrochlorides from BK-22, BK-23, BK-25, BK-26 and
BEV (BK-28) (for structures, see Table 1; synthesized at the
Department of Chemical Technology of Drugs, Jagiellonian
University Medical College, Cracow, Poland); prenalterol
hydrochloride (Hissle, Gothenburg, Sweden); [5,7-*H]-(—)-
CGP 12177 (specific activity 33 Cimmol~!) (NEN, Zaventem,
Belgium); atropine sulphate, propranolol hydrochloride, ur-
ethane, [Lys®]-vasopressin, CGP 20712 ((4)-2-hydroxy-5-[2-
[[2-hydroxy-3-[4-[1-methyl-4-(trifluoromethyl)-1H-imidazol-2-
yl]-phenoxy]propyl]-aminolethoxy]-benzamide monomethane
sulphonate) (Sigma, Deisenhofen, Germany); CGP 12177
((£)-4-[3-[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-1,3-
dihydro-2H-benzimidazole-2-one), ICI 118,551 (erythro-
(+)-1-(7-methylindan-4-yloxy)-3-isopropylaminobutan-2-ol)
(Tocris Cookson, Bristol, U.K. ); pentobarbitone sodium
(Biowet, Putawy, Poland). Drugs were dissolved in saline with
the following exceptions: BK-21 and BK-26 were dissolved in
dimethyl sulphoxide (DMSO); CGP 20712 was dissolved in a
mixture of DMSO and saline (6:100). These three stock

solutions were further diluted with saline. None of the vehicles
affected the cardiovascular parameters.

Results
Pithed rat: diastolic blood pressure

Diastolic blood pressure was maintained at about 85 mmHg by
i.v. infusion of vasopressin (0.04—0.4i.u. kg™ ' min™"). (%), (-),
(+)-bupranolol, BK-23, BK-26 and BEV (at doses of
10 umol kg~ each) given i.v. reduced diastolic blood pressure
by 23.4+1.0 n=9), 242+1.8 (n=14), 34.8+1.6 (n=5),
13.6+24 (n=5), 14.7+1.5 (n=11) and 37.0+1.8 mmHg
(n=9), respectively. The maximal effect occurred 15-30s
after administration of the drug and fully recovered within
3min. Only in the case of (—)-bupranolol, the fall in blood
pressure was still observed Smin after its injection
(6.3+1.7mmHg; n=14; P<0.01). Lower doses of the above
drugs and all other drugs used in the present study did not
affect diastolic blood pressure.

Pithed rat: influence of bupranolol enantiomers on HR

At the beginning of the experiments, HR was 343+1
beatsmin~' (n=251). (+), (—) and (+ )-bupranolol (at a dose
of 10 umolkg™' each) given i.v. diminished HR by 43.6+4.9
n=9), 50.6+3.2 (n=14) and 46.6+13.7beatsmin~! (n=15),
respectively. The maximal effect occurred after 15-30s. At
Smin after administration of the drug (i.e. immediately before
injection of CGP 12177; see later), HR had fully recovered (in
the case of (+ )-bupranolol), but was still reduced by about
1.5% [(+)-bupranolol] or 5% [(—)-bupranolol]. As shown in
Figure 1, CGP 12177 increased HR in a dose-dependent
manner (E,., about 130 beatsmin~'; pEDs, = 8.1, determined

Table 1 Chemical structures, potencies (to induce tachycardia in pithed rats) and affinities (for f;-adrenoceptor binding

sites) of bupranolol, its enantiomers and seven analogues

X
Ra Rz (l;H3
X o
R 0/\(\NH—R1 CH,
OH
Y
e
OCH4
Compounds R1 R2 R3
(£)-Bupranolol
(—)-Bupranolol X Cl
(+)-Bupranolol
Desmethylbupranolol X Cl H
BK-21 X H H3C-O
BK-22 X CH3 H
BK-25 X H H
BK-26 X H Cl
BK-23 Y CH3 H
Bevantolol Y H H

Increase in Inhibition of [*’H]CGP 12177 binding
heart rate  (studied in the presence of ICI 118,551 70nm)
R4 pED5, pK?
- 8.66+0.07
CH3 - 8.83+0.21
- 7.19+0.12
H 8.4 8.98+0.04
H 6.4 5.76+0.13
H 8.3 8.60+0.08
H 7.7 8.10+0.12
CH3 - 7.24+0.06
H 7.3 8.37+0.06
CH3 - 8.00+0.08

*Based on the increase in heart rate by 45 (desmethylbupranolol, BK-21 and BK-23), 35 (BK-22) and 50 beats min~' (BK-25). Graphically
determined from Figure 2a. ®Results are given as means+s.e.m. of four experiments in triplicate.
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Figure 1 Influence of (—), (+) and (z)-bupranolol on the CGP
12177-induced increase in HR in pithed and vagotomized rats. Each
dose of CGP 12177 was studied in separate rats. In some cases, the
two lower doses were applied to one animal. The first or only dose
was given 5min after injection of vehicle (CON) or (-), (+) and
(4)-bupranolol (10 umol kg™"' each). Means of 3—13 rats. *P<0.05;
***P<0.001 compared to the corresponding CON.

as the negative logarithm of the dose increasing HR by
65beatsmin™"). (+)- and (—)-bupranolol (10 umolkg~"' each)
caused 3.4- and 8.4-fold shifts to the right of the dose—
response curve for CGP 12177, respectively, with no reduction
in the maximum response. By contrast, (4 )-bupranolol
(10 umolkg™") failed to modify the positive chronotropic effect
of CGP 12177.

Pithed rat: influence of bupranolol analogues on HR

DMB and compounds BK-21, BK-22, BK-23 and BK-25
increased HR in a dose-dependent manner (Figure 2a). The
tachycardic effect evoked by the highest doses of agonists was
reached within 10 (BK-25) or 15min (DMB, BK-21, BK-22
and BK-23) and had still the same level 30min after
administration of the drugs. The maximal effect of DMB
and BK-22, obtained at 0.1 umolkg ', was an increase by
about 90 and 70 beats min~!, respectively. With respect to BK-
21, BK-23 and BK-25, the exact maximum effect could not be
determined since a complete dose—response curve could not be
constructed (lack of solubility of high doses of these drugs).
The highest dose of these agonists (10 umol kg™") increased HR
by about 90, 90 and 100 beats min~"', respectively. To assess the
agonistic potencies (EDs,) of the f-adrenoceptor ligands under
study, the doses causing an increase in HR by 50 (BK-25), 45
(DMB, BK-21, BK-23) or 35beatsmin~' (BK-22) were
determined graphically from Figure 2a. The pEDs, values
are given in Table 1.

In order to examine whether these positive chronotropic
actions were mediated via atypical or classical f-adrenocep-
tors, we performed additional experiments in the presence of
the fi;-adrenoceptor antagonist, CGP 20712, given in combi-
nation with the f,-adrenoceptor antagonist ICI 118,551 (at
doses of 0.1 umolkg™' each). In these experiments, the
bupranolol analogues and CGP 12177 were given at doses
approximately corresponding to their EDs, values. As shown
in Figure 2b, the f-adrenoceptor antagonists reduced the

Agonists (umol kg™)

b
I control
| BB CGP 20712 +1CI 118551
120
£ 100 -
E 100
(2]
©
[
L
o
T
£
(0]
2]
©
[
3]
£

Figure 2 Influence of CGP 12177, DMB, BK-21, BK-22, BK-23
and BK-25 on HR (a) and their interaction with CGP 20712 and ICI
118,551 (b). Experiments were performed in pithed and vagotomized
rats. Each dose of agonist was studied in separate rats. In some
cases, the two lower doses were applied to one animal. The first or
only dose was given 5min after injection of vehicle (CON) or CGP
20712 given in combination with ICI 118,551 (0.1 umolkg™" each).
Means of 3-13 rats. **P<0.01; ***P<0.001 compared to the
corresponding CON. For some data points, s.e.m. is contained
within the symbol.

positive chronotropic action of the five bupranolol analogues
by 60—80%, but not that elicited by CGP 12177. Note that the
p-adrenoceptor blockade did not alter a short-lasting (< 1 min)
fall in HR (by 34.2+9.4beatsmin~'; n=>5), elicited by the
highest dose of BK-23 (10 umolkg™') and preceding the
increase in HR.

In contrast to the five bupranolol analogues mentioned
above, BK-26 and BEV did not display any positive
chronotropic activity, but at 10 umolkg™"' diminished HR by
46.443.4 (n=11) and 46.2+1.6beatsmin~! (n=9), respec-
tively. The maximal effect occurred after 15-30s. At Smin
after administration of the drug, HR was still reduced by
about 1.5% (BK-26) or 5% (BEV). Lower doses of both
compounds did not affect HR. In order to reveal possible
antagonistic properties of these substances against responses
mediated via atypical - and f§;-adrenoceptors, we examined
their interaction with CGP 12177 and prenalterol, respectively.
A high dose of BK-26 and BEV (10 umolkg™") failed to affect
the increase in HR evoked by the agonist of atypical
p-adrenoceptors, CGP 12177, given at doses of 0.01 and

British Journal of Pharmacology vol 139 (8)



1552 B. Malinowska et al Atypical p-adrenoceptors and bupranolol analogues
a 75
140 A
e
2=
120 S g 50 . "
- 2 &
£ o o
€ 100 A £ £ s
: T re
3 =3
a
% O T T T T T T 1
< - 00 01 02 03 04 05 06
§ [*H] CGP 12177 (nM)
[0}
3]
< Scatchard Plot
400 A
CON BK26 BEV CON BK26 BEV é 3007
CGP 12177 0.01 umol kg™ CGP 12177 0.1 ymol kg™ g 200 T
&
b 100 -
140 -
O T T T
120 4 0 25 50 75
Bound
5 100 Figure 4 Saturation of specific PHJCGP 12177 binding to rat brain
% cortex membranes. Membranes were incubated (30°C) for 30 min
T gp- with [PH]JCGP 12177 in the presence of ICI 118,551 (70 nm). Specific
3 binding was defined as that inhibited by propranolol 10 um.
E Scatchard analysis of the saturation data is presented in the lower
I 60+ - *okok panel. Means from three experiments (in triplicate) are shown (for
£ - =L some data points, s.e.m. is contained within the symbol).
&
o 40
D
g * k%
- 204 — . ) o .
0.204+0.05 nM with a maximum number of binding sites (B.x)
i of 79+ 8 fmol mg™" protein was determined; Scatchard analysis
CON BK26 BEV CGP revealed a straight line with a Hill coefficient (ny;) not different

prenalterol 0.01 pumol kg™

Figure 3 Influence of BK-26 and BEV on the increase in HR
induced by CGP 12177 (a) and prenalterol (b). Experiments were
performed in pithed and vagotomized rats. BK-26 or BEV was given
at a dose of 10 umolkg™' Smin before CGP 12177 and at a dose of
1 umol kg~ 5min before prenalterol. For comparison, the influence
of CGP 20712 (CGP; 0.1 umolkg™") on the tachycardia evoked by
prenalterol is shown as well (from Malinowska & Schlicker, 1996).
Each dose of agonist was studied in separate rats. Means of 3—13
rats. ***P <0.001 compared to the corresponding CON.

0.1 umolkg™" (Figure 3a). By contrast, a lower dose of BK-26
and BEV (1 umolkg™") reduced the positive chronotropic
effect of the f;-adrenoceptor agonist prenalterol (given at a
dose, 0.01 umolkg™', approximately equalling its EDs, value;
Malinowska & Schlicker, 1996) by about 50 and 80%,
respectively. The ff;-adrenoceptor antagonist CGP 20712 (at
a dose of 0.1 umolkg™"), which was examined for the sake of
comparison, diminished the same response by about 50%
(Figure 3b).

Affinities of the test compounds for [ ;-adrenoceptor sites
In saturation binding studies on rat brain cortex membranes,

using [PHJCGP 12177 at eight concentrations and ICI 118,551
(70nM) (to Dblock f,-adrenoceptors), a Kp value of

from unity (Figure 4). In competition binding experiments,
binding of [PH]CGP 12177 (0.07 nm) (studied in the presence of
ICI 118,551 (70 nm)) was inhibited monophasically (ny near
unity) by the 10 compounds, yielding pK; values from 5.76 to
8.98 (Table 1). When the pK; values of the five bupranolol
analogues that increased HR (DMB, BK-21, BK-22, BK-23
and BK-25) were correlated with their pEDs, values, a
correlation coefficient r of 0.913 (P<0.05) was obtained.

Discussion

The present study was performed to further characterize the
atypical cardiostimulant f-adrenoceptor, using the enantio-
mers and seven analogues of bupranolol. Most of the
experiments were carried out on pithed rats in which the
atypical f-adrenoceptor has been studied thoroughly (Mal-
inowska & Schlicker, 1996; 1997). In the pithed rat, HR is
increased by isoprenaline or prenalterol via the f§;-adrenocep-
tor and by CGP 12177 or cyanopindolol via the atypical f-
adrenoceptor. To have identical conditions like in our previous
two studies, we usually employed the f§;-adrenoceptor antago-
nist CGP 20712 in combination with the f,-adrenoceptor
antagonist ICI 118,551 (Malinowska & Schlicker, 1996; 1997).
Most of the drugs under study showed short-lived depressant
effects on diastolic blood pressure and HR, which completely
or nearly faded after 5 min, that is, at the time when interacting

British Journal of Pharmacology vol 139 (8)



B. Malinowska et a/

Atypical g-adrenoceptors and bupranolol analogues 1553

drugs were given. These effects appear to be of an unspecific
nature (e.g. they were not antagonized by CGP 20712 plus ICI
118,551 and/or did not show stereoselectivity and/or were
observed at the highest dose only) and will not be further
discussed. The affinities of the bupranolol enantiomers
and analogues for ff;-adrenoceptors were determined in
a radioligand binding study on rat brain cortex mem-
branes, using [PHJCGP 12177 (Tadokoro et al., 1997); ICI
118,551 was used to block the f5,-adrenoceptors (Alexander
et al., 2001).

Our data show that the dose—response curve of CGP 12177
for its positive chronotropic effect, related to the activation of
the atypical cardiostimulant f-adrenoceptor, is shifted to the
right by a dose of 10 umolkg™" of racemic bupranolol and its
(—)-enantiomer, but not affected by the same high dose of the
(+ )-enantiomer. Unfortunately, the amount of stercoselectiv-
ity remains uncertain because ( + )-bupranolol, due to solubi-
lity problems, could not be given at a dose higher than
10 umolkg~"'. The stereoselectivity of bupranolol, previously
shown for the classical types of f-adrenoceptors (Lemoine &
Kaumann, 1983), is of interest inasmuch as the molecular
properties of the atypical cardiostimulant f-adrenoceptor are
so far poorly understood and stereoselective effects of ligands
are a typical property of receptor-mediated effects.

Next, the question was addressed whether the antagonistic
effect of bupranolol at the atypical cardiostimulant pS-
adrenoceptor is retained by seven analogues. Two compounds,
that is, BK-26 and BEV, which, like bupranolol itself, had no
or only slight inhibitory effects on basal HR, failed to shift to
the right the dose—response curve of CGP 12177 at a dose as
high as 10 umolkg™!, arguing against an antagonistic effect of
both drugs at the atypical ff-adrenoceptor. On the other hand,
a 10-fold lower dose of either drug attenuated the tachycardic
effect of the f;-adrenoceptor agonist prenalterol. BEV
showed a more marked effect in this respect than BK-26.
This is in harmony with our binding data in which the
affinity of BEV for f,-adrenoceptor sites markedly exceeded
that of BK-26.

The other five bupranolol analogues, that is, DMB, BK-21,
BK-22, BK-23 and BK-25, increased HR by themselves. The
extent of tachycardia did not exceed 100beatsmin~' at
10 umol kg™'; this dose caused the maximum effect in the case
of DMB and BK-22, whereas for the remaining compounds,
the exact maximum could not be determined due to the fact
that doses higher than 10 umolkg™" could not be dissolved.
The extent of tachycardia is much lower than that obtained by
CGP 12177 via the atypical cardiostimulant S-adrenoceptor
(130 min~'; present study) or by prenalterol or isoprenaline via
the B;-adrenoceptor (about 150 min~'; Malinowska & Schlick-
er, 1996). The p,-adrenoceptor antagonist CGP 20712
(0.1 umolkg™") (i.e. at a dose at which the antagonist does
not yet block the atypical f-adrenoceptor; Malinowska &
Schlicker, 1996) markedly diminished the tachycardia caused
by each of the five bupranolol analogues, suggesting that these
compounds act by activation of f;-adrenoceptors. The
possibility that the five compounds, solely or additionally,
act via an indirect sympathomimetic effect (i.e. release
catecholamines from the sympathetic nerve endings) seems
unlikely, since compounds with a bulky substituent at the
nitrogen atom of the side chain are not substrates of the
neuronal noradrenaline transporter (Graefe and Bonisch,
1988).

The view that the five compounds increase HR via
activation of f;-adrenoceptors is further strengthened by
our binding data. Note that the correlation between the
potencies from the functional experiments and the binding
affinities was reasonably high, although not perfect. This
might be related to the fact that the exact pEDs, value could
not be determined for BK-21, BK-23 and BK-25, and the
negative logarithm of the dose causing 50% of the effect
obtained at 10 umol kg™ was used instead. The inconsistencies
might also be caused by pharmacokinetic differences between
the compounds.

It was not the scope of the present work to elaborate
structure—activity relationships of the bupranolol analogues
with respect to the f;-adrenoceptor and few remarks shall
suffice. Our study confirms previous data by Lemoine &
Kaumann (1982) obtained on isolated cardiac tissues from
guinea-pig and kitten in which DMB was virtually equipotent
with (—)-bupranolol as a f;-adrenoceptor antagonist, but
unlike the parent compound exhibited partial agonism. The
synthesis of the four compounds termed here BK-21, BK-22,
BK-25 and BK-26 was originally described by Kunz et al.
(1967), but in this patent pharmacological data were given for
BK-22 only. The latter compound was shown to increase
coronary flow in the Langendorff preparation of the guinea-
pig heart, possibly by partial agonism at f;-adrenoceptors
(which are mainly responsible for coronary dilatation in many
mammalian species; see Toda & Okamura, 1990 for refer-
ences). The structure—activity relationship for bupranolol,
DMB and the latter four compounds can easily be reconciled
with a frequently described pattern, namely that substitution
of the phenoxy moiety with residues like chlorine, methyl and
methoxy is more favourable in the ortho or meta than in the
para position (see e.g. Hoefle et al., 1975; Phillips, 1980; Louis
et al., 1999). Accordingly, compared to BK-25 with unsub-
stituted phenyl ring, bupranolol, DMB and BK-22 with
substitution(s) in ortho and/or meta position had a high
affinity, whereas BK-26 with a substituent in meta and para
position and, in particular, BK-21 with a substituent in para
position had lower affinities. In the structure of BEV, the tert-
butyl at the amino group is replaced by a 3,4-dimethoxyphe-
nylethyl moiety conferring an increase in f;-adrenoceptor
selectivity (Hoefle et al., 1975). Like in the latter study, in
which the potencies of the compounds were determined in the
isolated rat atrium, the 0-CH; analogue of BEV, termed here
BK-23, had a slightly higher affinity for the f;-adrenoceptor
than BEV itself; however, a partial agonistic activity of BK-23
has not been described by Hoefle ez al. (1975).

In conclusion, bupranolol is a stereoselective antagonist at
the atypical cardiostimulant f-adrenoceptor. An antagonistic
effect at the latter receptor is not shown by a high dose of
BEV and BK-26. The other five bupranolol analogues, DMB,
BK-21, BK-22, BK-23 and BK-25 have a cardiostimulant
effect which is, however, at least to the major part, related to
the activation of f§;-adrenoceptors.
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