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Abstract
Objective Although alpha-blockers are effective in lower-
ing blood pressure, they may increase heart rate, an
unwanted effect that could negatively affect outcome.
However, the alpha-blocker urapidil might not increase
heart rate due to its additional effect on 5-HT1A receptors.
Therefore, we compared the effects of urapidil on heart rate
with those of another alpha-blocker, doxazosin.
Methods We performed a randomised, double-blind, place-
bo-controlled, cross-over study in 12 healthy males who
received single oral doses of 60 mg urapidil, 4 mg
doxazosin and placebo. Four hours following drug intake,
heart rate and blood pressure were measured at rest and
during exercise.
Results Both doxazosin and urapidil decreased blood
pressure to the same extent. Compared to placebo, resting
heart rate was significantly increased by doxazosin (+25%,
P<0.05) but not by urapidil (+12%, n.s.). Resting heart rate
with doxazosin was significantly higher than with urapidil
(P<0.05). Similarly, the rate pressure product (RPP) at rest
was increased by doxazosin (+17%, P<0.05) but not by
urapidil (+6%, n.s.).
Conclusions We conclude that the increase in heart rate
caused by urapidil is less pronounced than that with
doxazosin, a property that might favour urapidil in the

treatment of arterial hypertension. In addition, only
doxazosin (but not urapidil) increased the RPP at rest, a
finding that might be helpful to explain why this drug was
never shown to improve outcome in the treatment of
arterial hypertension.
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Introduction

Alpha-blockers are effective in the treatment of arterial
hypertension and have been recommended in recent
guidelines with certain restrictions [1, 2]. However, it has
been shown that the alpha-blocker doxazosin may increase
heart rate [3], an unwanted effect, and the doxazosin arm of
the ALLHAT trial was discontinued prematurely since
doxazosin (compared to chlorthalidone) caused a signifi-
cant increase in heart failure, stroke, and combined
cardiovascular disease [4].

Urapidil is a peripheral postsynaptic alpha-adrenergic
antagonist with additional central stimulating effects at 5-
HT1A receptors. It has been postulated that urapidil does
not increase heart rate due to this effect [5]. However, it has
never been shown in a direct comparison that the influence
of urapidil on heart rate might differ from that of other
alpha-blockers.

Therefore, we performed a randomised, double-blind,
placebo-controlled, cross-over study comparing the effects
of urapidil, doxazosin and placebo on heart rate and blood
pressure in healthy males both at rest and during exercise
in order to determine whether or not there might be
differences in the effects of urapidil and doxazosin on
heart rate.
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Methods

The study was performed according to a randomised,
double-blind, placebo-controlled, cross-over protocol in 12
healthy males, age 25±4 years, height 179±7 cm, body
weight 76±9 kg. Subjects received single oral doses of
60 mg urapidil, 4 mg doxazosin (one-half of the maximum
daily doses of these drugs recommended for arterial
hypertension in order to obtain similar effects on blood
pressure) or placebo together with 50 ml of water in the
morning following an overnight fast. The investigations
were separated by drug-free intervals of at least 4 days.
Four hours after drug intake, exercise on a bicycle
ergometer (mean 158±15 W, i.e., 70% of mean individual
work load) was performed for 10 min, followed by 15 min
of recovery in a supine position. Both heart rate (by
continuous ECG monitoring) and blood pressure (by
sphygmomanometry) were measured at rest immediately
prior to exercise, during the last minute of exercise, and
during the last minute of the following 15 min of recovery.

Results are given as means ± SD unless indicated
otherwise. Significances of differences were calculated by
repeated measures ANOVA (repeated measures ANOVA on
ranks when applicable), post-hoc analyses were performed
using the Student-Newman-Keuls test, and P<0.05 was
considered statistically significant.

We hypothesized a minimum detectable difference of
0.15, an expected standard deviation of 0.1, a number of
groups of 3, a desired power of 0.9 and an alpha of 0.05,
thus giving a required sample size of 12 subjects, i.e., the
number we used in the present study. Using these data, the
present study had a calculated power of 0.903 to detect
differences.

The investigation conformed to the principles outlined in
the Declaration of Helsinki, was approved by the Ethics

Committee of the Medical University of Graz, Austria, and
all participants gave written informed consent.

Results

Haemodynamic results are given in Table 1. Both urapidil
and doxazosin reduced systolic blood pressure significantly
and to the same extent. At rest, doxazosin significantly
increased heart rate whereas urapidil did not, and heart rate
with urapidil was significantly lower than with doxazosin
(Fig. 1). Furthermore, doxazosin significantly increased the
rate pressure product (RPP) (i.e., the product of heart rate
and systolic blood pressure, also called the “double
product”) at rest and at recovery, whereas the RPP was
not affected by urapidil, and the RPP at recovery obtained
with urapidil was significantly (P<0.05) lower than that
with doxazosin.

Discussion

Urapidil and doxazosin were equally effective in lowering
blood pressure, and both drugs tended to increase heart rate.
However, doxazosin significantly increased heart rate at
rest, during exercise and at recovery, whereas urapidil did
not, with the effect of urapidil on heart rate being
significantly less pronounced than that of doxazosin both
at rest and during exercise. In addition, the effect of urapidil
on heart rate at rest failed to reach statistical significance
compared to placebo, whereas the increasing effect of
doxazosin on heart rate appeared more pronounced than its
lowering effect on systolic blood pressure. Thus, our data
provide evidence that urapidil increases heart rate signifi-
cantly less than doxazosin. This difference might be caused

Table 1 Haemodynamic effects of single oral doses of 60 mg urapidil, 4 mg doxazosin, and placebo

Urapidil Difference Placebo Difference Doxazosin

Heart rate at rest 77±11 +12%, n.s. 69±9 +25%, P<0.05 87±11
Systolic blood pressure at rest 113±10 −6%, P<0.05 120±12 −6%, P<0.05 113±6
Diastolic blood pressure at rest 70±6 −3%, n.s. 72±8 ±0%, n.s. 72±5
Rate pressure product at rest 8,796±1,391 +6%, n.s. 8269±1238 +17%, P<0.05 9,681±1,524
Heart rate during exercise 167±11 +6%, P<0.05 158±17 +8%, P<0.05 171±14
Systolic blood pressure during exercise 164±15 −10%, P<0.05 183±19 −10%, P<0.05 164±17
Diastolic blood pressure during exercise 60±7 −12%, P<0.05 68±7 −18%, P<0.05 56±6
Rate pressure product during exercise 27,418±2,672 −6%, n.s. 29,034±4,190 −3%, n.s. 28,070±4,086
Heart rate during recovery 79±11 +11%, P<0.05 71±11 +18%, P<0.05 84±14
Systolic blood pressure at recovery 107±7 −5%, P<0.05 113±9 −4%, P<0.05 109±6
Diastolic blood pressure at recovery 64±6 −10%, P<0.05 71±6 −8%, P<0.05 65±7
Rate pressure product at recovery 8,462±1,399 +5%, n.s. 8,054±1,516 +14%, P<0.05 9,146±1,497

In addition to the differences compared to placebo, heart rate both at rest and during exercise and the rate pressure product at recovery were
significantly lower with urapidil than with doxazosin (P<0.05 in all cases). n=12; n.s. Not significant
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by an agonist action of urapidil on 5-HT1A receptors, an
effect lacking with doxazosin. However, this clinical study
cannot determine whether this effect of urapidil on 5-HT1A
receptors is the one and only reason for these different
effects of urapidil and doxazosin on heart rate.

It is well known that the levels of both blood pressure [1,
2] and heart rate [6–12] are directly correlated with
morbidity and mortality. In this context, the present study
revealed an additional finding that might deserve further
attention, namely the fact that doxazosin significantly
increased the rate pressure product (RPP), both at rest and
at recovery, although the drug significantly lowered systolic
blood pressure. In contrast, urapidil did not significantly
affect the RPP, although the RPP showed a slight tendency
to increase rather than to decrease. Obviously, the tendency
of doxazosin to increase heart rate was more pronounced
than its tendency to decrease blood pressure; the potentially
harmful increase in heart rate might outweigh the poten-
tially beneficial decrease in blood pressure. This fact might

explain why doxazosin was never shown to decrease
morbidity and mortality in patients with arterial hyperten-
sion despite its excellent ability to lower blood pressure—
this behaviour is similar to that repeatedly discussed with
calcium antagonists of the dihydropyridine type [13–16].
Furthermore, this finding might help to explain (at least in
part) why doxazosin may increase the incidence of heart
failure and stroke in comparison to chlorthalidone as shown
in the ALLHAT trial [4].

It has to be emphasised that the present study is a trial in
the field of basic clinical cardiovascular pharmacology
investigating the effects of single doses of urapidil and
doxazosin on heart rate in healthy subjects; this is its main
limitation. However, the authors believe that, based on the
present results, a study on the effects of long-term treatment
with urapidil and doxazosin on heart rate, RPP and clinical
outcome in patients with arterial hypertension is warranted
in order to find out whether or not the findings of the
present study carried out in healthy subjects are the same in
patients with arterial hypertension.

In conclusion, our data show that the increasing effect of
urapidil on heart rate and RPP is significantly less
pronounced than that of doxazosin, a property which might
be beneficial in the treatment of arterial hypertension with
alpha-blockers.

According to these results, we hypothesize that under-
standing the influence of a drug on RPP might be helpful
for predicting outcome in antihypertensive drug therapy.
Unfortunately, it is actually impossible even to speculate on
this hypothesis since the effects of the drugs on heart rate
are not given in most outcome trials in arterial hyperten-
sion. Therefore, the authors suggest the results of large-
scale clinical trials in patients with arterial hypertension be
re-analysed in order to determine the predictive value of the
influence of antihypertensive drugs on resting heart rate and
RPP with regard to morbidity and mortality in order to
further optimise drug treatment in arterial hypertension.
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Fig. 1 Systolic blood pressure (upper panel) and heart rate (lower
panel) obtained at rest 4 h following intake of 4 mg doxazosin,
placebo, or 60 mg urapidil. Effects of doxazosin on heart rate appear
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than that with urapidil (n=12). n.s. Not significant
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