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Pharmacodynamic profile of bisoprolol, a new f3l-selective
adrenoceptor antagonist

G. LEOPOLD, W. UNGETHCM, J. PABST, Z. SIMANE, K. U. BUHRING & H. WIEMANN
Clinical Research, Clinical Pharmacology, E. Merck, Darmstadt, W. Germany

1 The pharmacodynamic profile of bisoprolol, a new pl-selective adrenoceptor anta-
gonist, was investigated in four independent studies including 36 healthy male volunteers.
2 Using the model of exercise-induced tachycardia (ET) the ,-adrenoceptor blocking
properties of bisoprolol (2.540 mg) were examined in comparison to metoprolol (50 and
100 mg), propranolol (40 and 80 mg) and atenolol (50 and 100 mg). The maximal reduction
of ET was achieved between 1 and 4 h following single oral administration.
3 The dose-response relationship using individual maximal reduction ofET showed, on a
molar basis, that bisoprolol is about 5, 7 and 10 times more effective than propranolol,
atenolol and metoprolol, respectively.
4 In the model of insulin-induced hypoglycaemia bisoprolol behaved as a pl-selective
adrenoceptor antagonist.
5 There was a good correlation (r = 0.94) between the log bisoprolol concentration and
the reduction in exercise-induced tachycardia.
6 Bisoprolol is a potent new cardioselective P-adrenoceptor antagonist with a competi-
tive action at ,3l-adrenoceptors.
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Introduction Methods

Bisoprolol fumarate (2:1), (±)-1-((a-(2-iso-
propoxyethoxy-p -tolyl)oxy)-3-(isopropylamino)-
2-propanol-fumarate (2:1), (in this paper termed
bisoprolol), has been characterized in animal
studies as a P-adrenoceptor antagonist with
exceptionally high 1l-adrenoceptor selectivity,
without intrinsic sympathomimetic activity and
practically no membrane stabilizing activity
(Brodde et al., 1985; Manalan et al., 1982; Schliep
& Harting, 1984). The plasma elimination half-
life ofbisoprolol in healthy volunteers is 10-12 h,
which should permit a once-a-day dose regimen
in man. Another favourable pharmacokinetic
feature is the high bioavailability of 90%
(Leopold, 1986; Leopold et al., 1982, 1986). In
order to assess the basic pharmacodynamic profile
of bisoprolol in man its 3-adrenoceptor antago-
nistic potency, the 31-adrenoceptor selectivity
and concentration-effect relationships were
investigated in four independent studies in
healthy volunteers.

Subjects

Thirty-six healthy male volunteers aged between
19 and 43 years were involved in the studies. The
subjects took no medication and their physical
examination as well as clinical laboratory checks
did not indicate any pathological changes. The
body weight was within the range of ± 10% of
normal (Table 1).
The studies were performed in accordance with

the legal provisions of the Federal Republic of
Germany and the revised Declaration of Helsinki
including review by the local ethical review
committee GGEM (Gutachtergremium Experi-
mentelle Medizin) and written informed consent
was obtained.

Study protocols

Studies 1 and 2 The P-adrenoceptor blocking
properties of bisoprolol were examined using
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the model of exercise-induced tachycardia
(McDevitt, 1977) in comparison to the non-
selective 3-adrenoceptor antagonist propranolol
and the pl-selective adrenoceptor antagonists
metoprolol and atenolol.
The following doses were ingested by the

subjects after an overnight fast together with a
light standard breakfast at intervals of 1 week: In
study 1 (single-blind cross-over design): bisoprolol
(2.5 mg, 5 mg, 10 mg, 20 mg, 40 mg), metoprolol
(50 mg, 100 mg), propranolol (40 mg, 80 mg) and
placebo as tablets. In study 2 (double-blind,
randomized, cross-over design): bisoprolol
(5 mg, 10 mg), atenolol (50 mg, 100 mg), and
placebo as capsules.
The 3-adrenoceptor antagonistic effect was

assessed by measuring pulse rate (PR), systolic
blood pressure (SBP) (Korotkoff's phase I) and
diastolic blood pressure (DBP) (phase V).

Measurement: Pulse rate was taken manually
(15 s) before and prior to the end of 5 min of
exercise. Blood pressure was measured indirectly
using calibrated sphygmomanometers (Boso) in
supine position before and immediately after the
end of 5 min of exercise.

Since the values in the control test showed
only minimal circadian variation, the changes
during active drug treatment were related to the
individual pre-drug value. Additionally the rate-
pressure product (RPP = SBP x PR) was calcu-
lated (Robinson, 1967).
The physical workload on a bicycle ergometer

(Dynavit Conditronic 30, Keiper) was individually
adjusted to produce a pulse rate of 150 beats
min-1 within 5 min of exercise.

Tines of measurement: Study 1: measurements
were made pre-drug and at hourly intervals up to
8 h post administration (p.a.) before and after
exercise. Study 2: measurements were made
pre-drug, at hourly intervals up to 10 h and at
24 h p.a. before and after exercise.

In both studies the relative P-adrenoceptor
antagonistic efficacy of the different drugs was
calculated utilizing the model of parallel dose-
effect relationship after log transformation of
the molar doses. The target variable was the
maximal reduction in pulse rate relative to the
pre-drug value. In study 2 the 95% confidence
interval was also calculated (Cavalli-Sforza, 1972).

Study 3: The 1l-adrenoceptor selectivity of
bisoprolol was investigated using the model of
insulin-induced hypoglycaemia (Newman, 1976,
1977) in comparison to metoprolol and pro-
pranolol, in a single-blind cross-over study with
a preliminary placebo phase. After an overnight
fast the subjects ingested as single doses biso-
prolol 10 mg, metoprolol 50 mg and propranolol
40 mg at an interval of 7 days. Three hours after
medication 0.1 i.u. insulin kg-' bodyweight was
injected intravenously. The cardiovascular para-
meters heart rate (HR), systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were
automatically recorded (Dinamap, Critikon)
before medication, directly before the admini-
stration of insulin and then for 2 h at 15 min
intervals. The influence on carbohydrate meta-
bolism was studied by measuring serum glucose
and serum lactate concentrations directly before
the administration of insulin and then for 2 h at
15 min intervals.
Heart rate, serum glucose and serum lactate

concentrations were subjected to statistical
evaluation. The variation of these variables as a
function of time was expressed as: i, maximum
change (A max) between 0.5 and 2 h compared
to the 0 h (pre-insulin) value, negative values
represent a decrease compared to the value at
0.5 h (post-insuliin) and positive values in
increase; and ii, area from the 0 h (pre-insulin)
level and the course of the measurements
between 0.5 and 2 h (post-insulin). Positive
values represent areas below the initial level and
negative values areas above the initial level. The
target variables were evaluated in separate two-
factorial analyses of variance with the factors
'medication' and 'volunteers'. Significant effects
of medication (P < 0.05) were subsequently
checked with Tukey's test to identify differences
between treatments.

Study 4: The relationship between plasma con-
centration of bisoprolol and pharmacologic effect
(inhibition of exercise-induced tachycardia) was
studied in a placebo controlled double-blind
randomized cross-over study following intra-
venous injection of 10 mg bisoprolol (in 20 ml).
Measurements were made at: 0, 1, 2, 3, 4, 6, 8,

10, 12 and 24 h after medication.
Bisoprolol plasma concentrations were deter-

mined using a specific h.p.l.c. method (Buhring

Table 1 Anthropometric data of the volunteers (mean, s.d.)

Study 1 Study 2 Study 3 Study 4
Number n = 6 n = 10 n = 10 n = 10
Age (years) 31 ± 8 33.1 ± 6.7 33.0 ± 6 31.0 ± 9
Body weight (kg) 83 ± 7 77.4 ± 6.6 77.5 ± 9.6 82.6 ± 8.8
Height (cm) 181 ± 2 177.6 ± 4.2 175 ± 7 181 ± 6



Pharmacodynamic profile of bisoprolol

Table 2 ,-adrenoceptor antagonistic properties of bisoprolol,
metoprolol and propranolol in the model of exercise-induced
tachycardia. (n = 6, single-blind, cross over)

Substance Oral Mean changes in % of the pre-drug value at
dose respective time of maximal effect (taken

from the mean curves for PR, see
Figure 1) (mean (s.d.))

(mg) PR SBP DBP RPP

Bisoprolol 2.5 -13 (2) -16 (4) -4 (4) -27 (3)
5 -15 (4) -21 (4) -2 (5) -33 (5)
10 -18 (4) -28 (5) -7 (7) -41 (5)
20 -24 (7) -25 (4) -4 (6) -43 (7)
40 -26 (8) -29 (3) -8 (8) -47 (2)

Metoprolol 50 -16 (5) -23 (3) -17 (4) -35 (5)
100 -19 (7) -23 (4) -15 (1) -38 (7)

Propranolol 40 -19 (5) -25 (3) -7 (6) -39 (6)
80 -22 (2) -32 (2) -10 (5) -47 (2)

Placebo +4 (2) -3 (6) -10 (9) -5 (4)

PR = pulse rate
SBP = systolic blood pressure
DBP = diastolic blood pressure
RPP = rate pressure product

& Garbe, 1986) with a lower limit of detection of
1-2 ng ml-1. The plasma concentration effect
relationship was assessed in a semilogarithmic
plot of bisoprolol plasma concentrations vs reduc-
tion of exercise-induced tachycardia observed at
the corresponding time plots. Bicycle ergometry
was as described for studies 1 and 2.

Results

Studies 1 and 2

Bisoprolol caused a dose-dependent reduction
in exercise-induced tachycardia (Table 2 and 3,
Figures 1 and 2). Also propranolol and metoprolol
in study 1 and atenolol in study 2 (Figure 2 and
Table 3) resulted in a dose-dependent reduction
in exercise-induced tachycardia. The maximum

effect was observed between 1 and 4 h after
administration. In study 2, where the 24 h p.a.
values were measured, there was a clear reduction
in exercise-induced tachycardia present after oral
administration of 5 and 10 mg bisoprolol as well
as with 50 and 100 mg atenolol (Figure 2 and
Table 3).

Bisoprolol also reduced the exercise-induced
increase in systolic blood pressure (Table 2) and
the rate-pressure product (Table 2). There were
no differences in diastolic blood pressure in
comparison to placebo (Table 2 and 3).

Figure 3 shows the dose effect relationships
resulting from study 1 and 2. It is justified to
combine these results because the values for 5

and 10 mg bisoprolol have been reproduced in
the second study under a double-blind, random-
ized situation.
On a molar basis, bisoprolol was about 5, 7

Table 3 13-adrenoceptor antagonistic properties of bisoprolol and atenolol in the model
of exercise-induced tachycardia.
(n = 10, double-blind, cross over, randomized)

Substance Oral Mean changes in % related to the % residual effect
dose pre-drug value at the time of 24 h p.a.
(mg) maximal effect (mean (s.d.)) related to the

maximal value
= 100%

PR SBP DBP RPP PR

Bisoprolol 5 -17 (3) -17 (4) +3 (3) -31 (3) 42
10 -19 (3) -18 (4) -4 (8) -34 (5) 54

Atenolol 50 -19 (3) -20 (5) -3 (8) -36 (6) 32
100 -21 (5) -22 (6) +2 (4) -38 (8) 65

Placebo +3 (3) +3 (3) +8 (8) +6 (5)
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Flgure 1 Mean reduction of exercise-inlauced
tachycardia in six volunteers following single oral
doses of bisoprolol (o 2.5 mg, * 5 mg, * 10 mg,
v 20 mg, A 40 mg) and placebo (A).

and 10 times more potent than propranolol,
atenolol and metoprolol, respectively. The 95%
confidence interval for factor 7 in study 2 (biso-
prolol vs atenolol) is 3.75-13.17.

Study 3

Compared to the control values the resting heart
rate was slightly but similarly reduced under the
influence of all three 3-adrenoceptor antagonists
until the time point of i.v. administration of
insulin (Figure 4b). The tachycardia observed in
the placebo experiment as a result of the hypo-
glycaemia was virtually eliminated by proprano-
lol, whereas this reaction was only damped by
bisoprolol and metoprolol.
Under the influence of all four treatments on

average a nadir of the glucose concentration of
about 1 mmol 1-1 was reached 30 min after i.v.
administration of insulin (Figure 4a).
The rise of the serum glucose concentration in
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Figure 2 Mean reduction of exercise-induced
tachycardia in 10 volunteers following single oral doses
of bisoprolol (o 5 mg, * 10 mg), atenolol (0 50 mg,
* 100 mg) and placebo (A).

the recovery phase (= 30 min to 2 h after the i.v.
administration of insulin) was delayed by pro-
pranolol whereas under the influence of bisoprolol
and metoprolol the recovery from hypoglycae-
mia was only slightly delayed.
Under control conditions hypoglycaemia led

to a rise of the serum lactate concentration,
which was strongly reduced by propranolol but
not by bisoprolol or metoprolol (Figure 4c).

Statistically significant differences due to the
medication (P < 0.05) were found for the vari-
ables: HR (A max, area) serum glucose (area)
and serum lactate (A max). No differences could
be found between bisoprolol and metoprolol by
the pairwise comparisons in the Tukey's test.
Significant differences (P < 0.05) were found in
comparison with propranolol.

Study 4

The plasma concentrations of bisoprolol after
i.v. administration of 10 mg decreased from an
average of 43.1 ng mlF1 (1 h p.a.) to 8.0 ng ml-1
(24 p.a.). The mean half-life of bisoprolol was
about 10 h (mean, s.d.: 9.7 h ± 1.9 h).
There was a close correlation (r = 0.94) be-

tween the log plasma concentration ofbisoprolol
and the corresponding pulse rate reductions
(Figure 5).

All doses of bisoprolol tested in the four
studies were tolerated by the volunteers without
symptoms and laboratory parameters remained
normal.

Discussion

In the model of exercise-induced tachycardia
bisoprolol clearly shows 3-adrenoceptor
antagonistic activity ofhigh potency in comparison
to propranolol, metoprolol and atenolol (Figure
3). The maximal effects after propranolol, meto-
prolol and atenolol were nearly identical to pub-
lished data (Johnsson et al., 1975a,b; Harry,
1977, respectively), confirming that this model
was working properly. Propranolol, metoprolol
and atenolol were used in this model in thera-
peutic doses and as the results observed are
similar to published data, we would expect the
possible therapeutic dose range for bisoprolol to
be 5-20 mg. This suggestion was substantiated
by clinical studies in hypertension and in angina
pectoris (Frithz & Weiner, 1985; Hauger-
Klevene, 1984; Janka et al., 1986; Kohli et al.,
1985; Prager & Wagner, 1984; Weiner & Frithz,
1986). Information about the duration of action
of bisoprolol over 24 h was given by study 2
(Table 3 and Figure 2). Twenty-four hours
after the oral administration of 5 and 10 mg
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Figure 3 Synopsis of dose-effect-relations of bisoprolol (2.5, 5, 10, 20, 40 mg), propranolol (40 and 80 mg),
atenolol (50 and 100 mg) and metoprolol (50 and 100 mg) as single oral doses in the model of exercise-induced
tachycardia (individual maximum reductions in pulse rate).
Study 1: bisoprolol (0) propranolol (A) and metoprolol (v).
Study 2: bisoprolol (v) and atenolol (v).

bisoprolol residual effects of 42 and 54%, res-
pectively were found, relative to the maximal
reduction in exercise-induced tachycardia. This
and the plasma elimination half-life of 10-12 h
for bisoprolol should allow a once-a-day dosage
regimen. This has been confirmed in clinical
studies in hypertension (Weiner & Frithz, 1986)
and in patients with stable angina pectoris
(Wagner, 1986). The values for atenolol are
virtually identical with published data (Harry,
1977).

Insulin-induced hypoglycaemia produces a
sympathetic stimulus mainly through endogenous
adrenaline release and is a valid model for deter-
mining the 13l-adrenoceptor selectivity of a t-
adrenoceptor antagonist (McDevitt, 1983). The
observed degree ofhypoglycaemia was sufficient
to distinguish between PI-selective and non-
selective 3-adrenoceptor antagonists on the
basis of the duration of the hypoglycaemic phase
(Lager, 1983). The expected reactions to i.v.
administration of insulin occurred under control
conditions (Figure 4).
The glucose concentration in the serum was

reduced, reaching minimum values 30 min after
the administration of insulin with subsequent
gradual recovery by glucogenolysis in the muscles
and in the liver and by hepatic gluconeogenesis.
These compensatory metabolic processes are
preferentially or at least partly mediated by 12-
adrenoceptors (Weiner & Taylor, 1985). The
lactate concentration in the serum rose steeply
early in the recovery phase as a manifestation of
compensatory muscle glycogenolysis. This
response is preferentially mediated by 12-
adrenoceptors and thereafter falls off slowly.
This mechanism not only generates glucose

directly but also makes lactate available as a
substrate for hepatic gluconeogenesis (Lager,
1983). The hypoglycaemia is accompanied by a
tachycardia due to an increased release of cate-
cholamines, especially adrenaline (Armitstead
et al., 1983; McDevitt, 1983).

After pretreatment with 40 mg propranolol
the recovery from hypoglycaemia was delayed
and the hypoglycaemia-induced tachycardia was
virtually eliminated. These parameters were
differently affected after pretreatment with
10 mg bisoprolol or 50 mg metoprolol. In com-
parison with the situation after propranolol the
restoration of normal serum glucose concentra-
tions in the recovery phase was delayed to a
significantly smaller extent (Figure 4a). This res-
ponse is typical for treatment with 13l-selective
adrenoceptor antagonists (Deacon & Barnett,
1976; McDevitt, 1977). Under the influence of
PI3-selective blockade, especially early in the
recovery phase, glycogenolysis and also gluco-
neogenesis in the liver is (due to maintained
responsiveness of the 32-adrenoceptors) less
impeded than following nonselective ,3-adreno-
ceptor blockade.
The rise of the serum lactate concentration

observed under the influence of pretreatment
with bisoprolol and metoprolol is a further indi-
cation of the 1l-adrenoceptor selectivity of the
two substances, because glycogenolysis, especially
in the muscles, is mediated via P2-adrenoceptors
(Lager, 1983). This explains the significantly
smaller rise of the serum lactate concentrations
under the influence of the 3l/32-adrenoceptor
antagonist propranolol. The pre-insulin heart
rate was lowered by bisoprolol somewhat more
than by propranolol and metoprolol (Figure 4b).
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Figure 4 Mean serum glucose concentrations (a),

mean heart rates (b) and mean serum lactate

concentrations (c), after 0.1 i.u. insulin/kg .v. (0.0 h)

and 3 h after oral administration (-3 h) of placebo

(A) and 10 mg bisoprolol (e), 50 mg metoprolol (Y)
and 40 mg propranolol (A).

The explanation (based on the dos effect relation-

ship for exercise-induced tachycardia) is, that

the dose of bisoprolol in this study was relatively

higher than that of propranolol and especially
that of metoprolol. This does not effect the

conclusions on the cardioselectivity of bisoprolol

Figure 5 Relationship (mean ± s.e. mean) between
plasma concentration of bisoprolol and reduction of
pulse rate in the model of exercise-induced
tachycardia after 10 mg bisoprolol i.v. Linear
regression without the 24 h p.a. value.

compared to propranolol and may even under-
estimate this property compared to metoprolol.
The inhibition of the hypoglycaemia-induced

tachycardia is weaker under the influence of
pretreatment with p1-selective adrenoceptor
antagonists than under propranolol. Whereas
after pretreatment with p1-selective adreno-
ceptor antagonists a tachycardic reaction is
maintained during the hypoglycaemic phase
(even though at a lower level as compared to the
control situation) under the influence of pro-
pranolol a further fall in the heart rate was
observed. This is the consequence of a hyper-
tensive reaction occurring during hypoglycaemia
under the influence of therapy with non-selective
3-adrenoceptor antagonists (Ostman, 1983).

After pretreatment with propranolol the sequence
of events is as follows: Intravenous insulin leads
to hypoglycaemia which triggers the release of
adrenaline. Then, unopposed a-adrenoceptor
stimulation from adrenaline release results in a
marked diastolic pressor effect, which triggers a
bradycardia via the baroreceptors (Davidson
et al., 1976).
Thus bisoprolol behaves as a p1-selective

adrenoceptor antagonist in the model of the
insulin-induced hypoglycaemia. Clear 13l-adreno-
ceptor selectivity of bisoprolol was also observed
while studying its effect on the ventilatory func-
tion in volunteers as well as in patients with
chronic obstructive bronchitis or with asthma
(Tattersfield et al., 1984; Dorow & Tbnnesmann,
1984; Lammers et al., 1984). Since the hypo-
glycaemia-induced tachycardia is caused primarily
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by the release of adrenaline it is of interest to
discuss results from Brown, J. E. et al. (1983)
who studied the effect of a specific 132-adreno-
ceptor antagonist (ICI II8551) on adrenaline
infusion in man. As in the case of the nonselective
P-adrenoceptor blocking propranolol in hypo-
glycaemia-induced tachycardia, the P2-adreno-
ceptor antagonism of ICI 118551 not only pre-
vented the adrenaline-induced tachycardia but
also resulted in a slight bradycardia. In both
cases, while peripheral P2-adrenoceptors are
antagonized, adrenaline's pressure action pro-
bably activates the baroreceptors leading to
increased vagal drive and explains (in both situa-
tions) the lack of tachycardia or even the brady-
cardia. Besides this mechanism an antagonistic
action on 132-adrenoceptors in the sinus node

may play a role (Brown M. J. et al., 1983;
McDevitt, 1983).

Like other ,B-adrenoceptor antagonists biso-
prolol shows a close relationship between plasma
concentrations and effect on exercise-induced
tachycardia. The curve in Figure 5 may represent
the middle and lower segment of a sigmoidal
concentration-effect curve, while the upper
portion of this curve is not attained after 10 mg
bisoprolol.
We conclude that bisoprolol is a 13-adreno-

ceptor antagonist of high potency which exhibits
clear j31-adrenoceptor selectivity throughout
the dose range of 5-20 mg. A long elimination
half-life of 10-12 h should permit a reliable once-
a-day regimen in hypertension as well as in stable
angina pectoris.
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