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Heart rate variability in time and frequency
domains: effects of gallopamil, nifedipine, and
metoprolol compared with placebo
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Abstract
Objective-To assess the effects of three
different antianginal drugs on heart rate,
blood pressure, and heart rate variability.
Design-Randomised, single blind, placebo
controlled, cross over study.
Setting-University hospital.
Participants-Nine healthy male volun-
teers.
Interventions-Oral administration of
either 50 mg gallopamil, 20 mg nifedi-
pine, 100 mg metoprolol, or placebo
according to a random crossover plan.
Main outcome measures-Time inter-
vals between consecutive R waves in
electrocardiograms measured with an
accuracy of 5 ms from digital Holter
recordings. Blood pressure monitored
continuously by finger plethysmography.
Results-Metoprolol lowered heart rate
from 62(6) to 51(5) beats/min (p = 0.003)
after 78(23) minutes. Nifedipine pro-
voked reflex tachycardia from 56(5) to
94(18) beats/min (p < 0.001) at 10(3) min-
utes after treatment followed by an expo-
nential decline in heart rate to baseline
values with a time constant of 34(7) min
in seven subjects but 83 minutes in one
volunteer. One subject showed no expo-
nential decline in heart rate. Nifedipine
significantly lowered the supine mean
arterial pressure from 86(6) to 67(6) mm
Hg (p = 0.004) after 11(2) minutes, indi-
cating an acute reduction in arterial
resistance. Gallopamil did not signifi-
cantly change mean heart rate or blood
pressure. In the sitting position three
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R waves in an electrocardiogram (RR inter-
vals)10-'2 over several minutes.'3 14 The sympa-
thetic cardiac innervation modifies the power
spectral density mainly in a low frequency
band (approximately from 003 Hz to 0*15
Hz) and the parasympathetic innervation
mainly in a higher frequency band (approxi-
mately from 0 15 Hz to 030 Hz).213 In con-
sequence, f6 adrenergic blockers decrease low
frequency power spectral density6 8 and
atropine almost completely abolishes high fre-
quency power spectral density. A change in
posture from lying flat to sitting or standing
and the reflex sympathetic activation increase
low frequency power spectral density. In
patients with autonomic neuropathy low and
high frequency power spectral densities are
suppressed.5 16 Heart rate variability in the
time domain'7-'9 is a marker of myocardial
damage,20 is a reliable measure of cardiac
parasympathetic activity,2' and, like barore-
flex sensitivity,22 23 may have prognostic impli-
cations2425 after myocardial infarction.26-29 In
addition, the class 1 c antiarrhythmic drugs
flecainide and propafenone significantly
decrease heart rate variability,30 which may be
related to the effect of these drugs on mortal-
ity.3' So as far as spectral indices of cardiac
autonomic innervation are concerned, how-
ever, there are only a few clinical reports on
the pharmacodynamics of drugs with cardio-
vascular activity. Only one clinical study has
suggested that after myocardial infarction fi
adrenergic blockers and calcium channel
blockers of the diltiazem type may decrease
low frequency power spectral density, reflect-
ing inhibition of cardiac sympathetic activa-
tion, whereas calcium channel blockers of the
nifedipine type may not have this effect.32 We
assessed the effects on heart rate and blood
pressure and on heart rate variability in the
time and frequency domains of two different
calcium channel blockers, gallopamil and
nifedipine, to examine whether these calcium
channel blockers inhibit cardiac sympathetic
activation. We compared these data with
those obtained with the,B adrenergic blocker
metoprolol and with placebo.

Subjects and methods
The study was a randomised, placebo con-
trolled, cross over trial and single blind for
data evaluation. The experiments were
carried out between July and October 1991.
The study protocol was approved by the
ethics committee of the Medical Faculty of
the University of Heidelberg.
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Table 1 Individual characteristics of nine healthy male
volunteers

Case no Age (years) Height (cm) Weight (kg)

1 29 170 62
2 26 172 63
3 27 170 70
4 29 185 72
5 34 201 105
6 29 175 67
7 39 190 92
8 27 172 74
9 28 182 70
Mean (SD) 29-8 (4-15) 179-7 (10-74) 75 0 (14-26)

SUBJECTS
Nine male volunteers participated in the
study after they had given written informed
consent. Table 1 shows their individual char-
acteristics. The volunteers were healthy as

judged by medical history, physical examina-
tion, electrocardiographic findings, and
results of routine laboratory tests of blood
and urine. All volunteers had normal sinus
rhythm without extra beats, and they had no

history of palpitations. None of the volunteers
was a smoker, a heavily active sportsman, or

taking drugs short term or long term.

INTERVENTIONS
The volunteers received orally either a tablet
of placebo or 50 mg gallopamil (Procorum,
Minden Pharma), 100 mg metoprolol
(Lopresor, Ciba Geigy), or 20 mg nifedipine
(Adalat, Bayer). All drugs were given in
immediate release formulations and adminis-
tered according to a random cross over plan.
There was a wash out phase of at least one
week between the study days.

EXPERIMENTAL PROCEDURES
On the morning of each study day the volun-
teers were admitted to the research unit. A
plastic cannula was inserted into a forearm
vein as an emergency line. The digital Holter-
recorder (Cardiolight, software revision 30;
Medset, Hamburg) and a finger plethysmo-
graph to measure blood pressure33 (2300
Finapres; Ohmeda, Madison, Wisconsin)
were connected to the volunteer. The mea-

surements started in all instances between
8 am and 9 15 am. For baseline data evalua-
tion the volunteer rested supine for at least 15
minutes and then sat for another 15 minutes.
Then the test drug was administered with
100 ml of mineral water at room tempera-
ture, and the volunteer returned to supine
position. Periods of 15 minutes' duration in
the supine and sitting positions were repeated
one hour and three hours after drug adminis-
tration. Continuous Holter recordings and
blood pressure measurements were main-
tained over the first four hours after drug
administration. Two hours after receiving the
drug the volunteer had a standardised break-
fast.

Four hours after drug application a bicycle
ergometry stress test was performed (Dynavit
Conditronic S; Keiper, Rockenhausen,
Germany). Initial performance was set to 50 W

with increments of 25 W every two minutes.
The exercise test was discontinued when the
volunteer was exhausted. During exercise
every minute an electrocardiogram of 15 sec-
onds' duration was recorded from the chest
leads Vi to V6. Every two minutes blood
pressure was measured in the right arm by
the Riva-Rocci method. During the next
three hours the volunteer was allowed to walk
around in the hospital under the surveillance
of a physician. Thereafter he was discharged.

DATA ACQUISITION AND PROCESSING
The beat to beat values of heart rate were cal-
culated from the corresponding RR intervals
on the Holter electrocardiogram. The time
resolution of the RR interval measurements
was 5 ms. The beat to beat values of inte-
grated mean arterial blood pressure were
directly obtained from the plethysmograph
and stored on an IBM compatible personal
computer. Data processing was performed on
this computer and the software was written in
our laboratory in the programming languages
Basic and C.

In the time domain the beat to beat values
of heart rate and blood pressure were aver-
aged every minute and plotted against the
cumulative time. From these data the time
between the baseline values before the
administration of the test drug and the first
peak or trough in heart rate and blood pres-
sure after drug application were calculated.
The changes in heart rate and blood pressure
were obtained by subtracting the peak values
from the baseline values. Heart rate variabil-
ity in the time domain was assessed by count-
ing the number of absolute changes greater
than 50 ms between consecutive RR intervals
in sinus rhythm during evaluation periods of
15 minutes' duration at baseline and one hour
and three hours after drug administration.

In the frequency domain spectral analysis
of 512 RR intervals was carried out from
recordings during sinus rhythm according to
the method of Rompelman et al.34 The RR
intervals were first normalised by subtracting
the mean RR interval and dividing each RR
interval by the mean RR interval. Then the
Hanning function was applied to the data.
The periodogram was calculated using the
discrete fast Fourier transformation. The
sampling frequency was calculated from the
mean RR interval. Finally, to reduce the vari-
ance of the spectral estimates the power spec-
tra were smoothed using an averaging
technique. Every discrete spectral estimate
was expressed as the mean of itself and its
two neighbours. The power at the frequency
zero and at the next two discrete frequencies
was cut off (direct current removal) and total
power spectral density was obtained by inte-
gration over the remaining values. As an
index of cardiac sympathetic tone the low fre-
quency power spectral density was obtained
by integration of the power spectrum between
0-03 Hz and 0.15 Hz. The high frequency
power spectral density was calculated
between 0-15 Hz and 0 30 Hz. Low and high
frequency power spectral densities were
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expressed as percentages of total power spec-
tral density.

STATISTICAL TESTS
Peak and trough values of heart rate and
blood pressure in each volunteers were com-
pared with baseline values with the Kruskal-
Wallis test. Power spectral densities of heart
rate between different time phases within one
study day were compared with the Kruskal-
Wallis test. Drug values were compared with
placebo values with the paired t test. The
term significant means an error probability
p < 0-05 and the term highly significant
denotes p < 0-001. Data are expressed as
means (SD).

PHARMACODYNAMIC CALCULATIONS
The exponential decline in heart rate after the
rise of heart rate to peak values caused by
nifedipine was examined by the following
method. After the baseline heart rate before
drug administration was subtracted from all
values the data were transformed to the nat-
ural logarithm and a regression line was
drawn through the values during the decline
of heart rate. From the slope of this regres-
sion line the time constant of the exponental
decline in heart rate (td) was calculated.
During td heart rate (expressed- as the average
value every minute) declines to l/e (with e as
the basis of the natural logarithms, e =
2-7 1828) of its initial value.

Results
HEART RATE AND TIME DOMAIN HEART RATE
VARIABELITY
Table 2 shows the numerical results for heart
rate in the nine volunteers.

Gaflopamil
When baseline values in each subject were
compared gallopamil had no effect on heart
rate. In case 2, however, an atrioventricular
block II type Mobitz occurred 40 minutes
after drug application. It caused asympto-
matic pauses with a duration of less than two
seconds and lasted over 35 minutes. Heart
rate while subjects were supine and sitting did
not differ at baseline from 'values with

placebo. After one hour supine heart rate was
significantly higher (61 (5) beats/min v 58 (5)
beats/min) and after three hours heart rate
while sitting was significantly lower (72 (9)
beats/min v 76 (10) beats/min). Heart rate
variability did not significantly differ from
values with placebo.

Nifedipine
All subjects showed a significant increase in
heart rate while taking nifedipine. Two sub-
jects (cases 1 and 5) had excessive reflex
tachycardia with flushing and headache. The
increase in heart rate was followed by an
exponential decline to baseline values in
almost all subjects. In one subject (case 2),
however, the rapid increase in heart rate was
followed by a rapid non-exponential decline
to baseline value within four minutes. Heart
rate was not significantly different at baseline
from placebo values. After one hour heart
rate had significantly increased in the supine
position (68 (8) beats/min v 58 (5) beats/min)
as well as in the sitting position (75 (7)
beats/min v 66 (5) beats/min).

Heart rate variability significantly
decreased (supine: 137 (130) v 295 (116);
sitting: 87 (80) v 162 (80)). After three hours
the increase in heart rate was significant only
in the supine position (69 (7) beats/min v 66
(7) -beats/min) and heart rate variability did
not differ from placebo values.

Metoprolol
Metoprolol significantly decreased heart rate
compared to baseline values in all subjects
from 62 (6) beats/min to 51 (5) beats/min
within 78 (23) min. Compared with placebo
values heart rate and heart rate variability did
not differ at baseline. Heart rate significantly
decreased after one hour in the supine (54 (5)
beats/min v 58 (5) beats/min) and sitting (57
(5) beats/min! v 66 (5) beats/min) positions
while heart rate variability significantly
increased (supine: 371 (104) v 295 (116) sit-
ting: 302 (101) v 162 (80). The effect on
heart rate was still evident after three hours
(supine: 61 (6) beats/min v 66 (7) beats/min;
sitting: 63 (6) beats/min v 76 (10) beats/min).
At this time heart rate variability significantly
increased only in the sitting position (209
((111) v 95 (68)) compared with placebo.

Table 2 Heart rate variables after gallopamil, nifedipine, metoprolol, and placebo in nine healthy volunteers

Nifedipine Metoprolol P acbo

Baseline Peak or Time to RPP Baseline Peak or Time to td (min) RPP Basehine Peak or Time to RPP Baseline Peak or Time to RPP
(beatsl trough peak (mm (beats! trough peak (mm (beats! trough peak (mm (beats trough peak (mm

Case no min) (beas/min) (min) Hgmmin) min) (beats/min) (min) Hg/mmn) mn) (beatslmm) (mn) Hglmmn) mn) (beatslmin) (min) Hglmtn)

1 64 58 24 22100 65 132 7 33 22230 63 57 90 18060 78 78 ND 21 450
2 66 59 24 23 120 53 74 4 ND 20 160 68 55 90 14280 58 52 30 20925
3 66 63 27 27 740 58 93 11 44 26 180 67 50 60 13 910 62 55 30 37 050
4 56 68 66 31 000 53 83 12 83 19 040 60 48 60 17 640 61 54 30 30 780
5 50 57 49 28 310 49 106 13 28 24 160 55 47 105 22 225 53 60 22 29 970
6 50 50 ND 28 690 54 75 10 32 26 690 57 45 60 19 680 50 46 30 28 490
7 62 62 ND 22 110 63 98 9 35 15 340 65 52 120 13 905 64 64 ND 20 305
8 65 68 30 24490 58 98 13 42 22 350 70 58 60 22 560 63 63 ND 24300
9 52 52 ND 30780 55 85 13 25 37 515 55 47 60 24 150 54 51 30 35400
Mean 59 60 37 26 482 56 94* 10 34 23 741* 62) 51t 78 18 490* 60 58 29 27 630
(SD) (7) (6) (17) (3575) (5) (18) (3) (7) (6268) (6) (5) (23) (3946) (8) (9) (3) (6256)

*p < 0-001 compared with baseline. tp = 0-003 compared with baseline. i-p < 0-05 as compared with placebo. RPP = rate-pressure product at maximal heart rate during
exercise. td = Time constant of exponential decline in heart rate. ND = not determinable.

GaHlopamd
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Table 3 Blood pressure variables after galopamd, nifedipine, metoprolol, and placebo in nine healthy volunteers

Gaffopamd Nifdipine Meoprolol Placebo

Baseline Peak ortrough 7hime to Baselne Peak or togh Time to Baselne Peak ortough Time to Baseline Peak ortrough Time to
Case no (mm Hg) (mm Hg) peak (min) (mm Hg) (mm Hg) peak (mnn) (mm Hg) (mm Hg) peak (min) (mm Hg) (mm Hg) peak (min)

1 80 88 43 88 72 12 82 98 45 75 85 30
2 82 90 47 105 157 2 82 93 50 75 75 ND
3 72 93 58 95 67 14 78 80 60 93 93 ND
4 78 ND ND 86 70 11 80 80 ND 70 87 32
5 78 78 ND 80 60 8 88 70 100 83 76 42
6 77 100 47 78 97 14 70 73 80 73 73 ND
7 88 95 48 90 75 14 100 100 ND 80 90 40
8 82 82 ND 78 61 10 80 80 ND 80 80 ND
9 95 95 ND 95 ND ND 85 85 ND 85 90 32
Mean (SD) 81 (7) 90 (7) 49 (6) 86 (6) 67 (6) 11 (2) 83 (8) 84 (11) 67 (23) 79 (7) 83-(7) 34 (5)

ND = not determinable.

Placebo
There were no effects on heart rate or heart
rate variability.

BLOOD PRESSURE
Owing to a; systematic effect of posture the
integrated mean arterial blood pressure in the
sitting position exceeded the pressure in the
supine position by a mean of 25 mm Hg.
Table 3 shows the numerical results for
supine blood pressure only.

Gallopamil
Gallopamil showed no effect on blood pressure.

Nifedipine
Blood pressure decreased in- six subjects from
86 (6) mm-Hg to 67 (6) mmHg within 11
(2) minutes after nifedipine administration.
Two subjects (cases 2 and 6), however,
showed an increase. Thirteen minutes. after
drug administration..blood pressure measure-
ment was discontinued in one subject (case
9) because of a technical problem until 30
minutes after drug administration. At this
time the volunteer had the same blood pres-
sure as at baseline.

Metoprolol
Compared with placebo metoprolol caused a
slight but significant, decrease in blood pres-
sure three hours after administration in the
supine position (placebo: 85 (10) mm Hg;
metoprolol: 79 (11) mm Hg).

Placebo
Placebo had no effect on blood pressure.

RATE-PRESSURE PRODUCT WITH EXERCISE
Table 2 shows the numerical results.
Although maximal workload did not differ
between the drugs (in all subjects and under
each drug it was 185 (23) Watts), nifedipine
and metoprolol both significantly lowered
maximal systolic blood pressure compared
with placebo (nifedipine: 157 (24) mm Hg;
metoprolol: 151 (17) mm Hg, placebo: 171
(24) mm Hg). In addition, metoprolol signifi-
cantly lowered maximal heart rate under
exercise (122 (15) beats/min) compared with
placebo (160 (20) beats/min). With gallo-
pamil maximal.heart rate and systolic blood
pressure during exercise did not differ from
placebo values.

SPECTRAL ANALYSIS OF HEART RATE
VARIABILY
Table 4 shows the low frequency power
spectral density at different times after drug
administration as an index of cardiac sympa-
thetic tone. If there were high values of low
frequency power spectral density (>80) a
single peak near 0.10 Hz was usually found.
If there were low values of low frequency
power spectral density (<2) the main spectral
power was usually found at frequencies lower
than 0 03 Hz. In 89% of all measurements
the high power spectral density was below
10% of total power spectral density. Because
of these irrelevant values, and because there
were no changes between the different
phases or drugs the data are not presented in
detail.

Gallopamil
Compared with placebo gallopamil signifi-
cantly reduced the low frequency power spec-
tral density after three hours in the sitting
position. When compared w.ith the preceding
period in the supine position low frequency
power spectral density did not increase in the
sitting position at baseline and after one hour
and three hours.

Nifedipine
Compared with placebo nifedipine signifi-
cantly decreased low frequency power spec-
tral density after three hours in the supine
position. When compared with the preceding
period in the supine position low- frequency
power spectral density.significantly increased
in the sitting p.osition.at baseline and after
three hours. One hour after drug administra-
tion, however, it did not significantly change.

Metoprolol
Compared with placebo, metoprolol. signifi-
cantly decreased the low frequency power
spectral density after three hours in the sitting
posi-tion. When compared with the preceding
period in the supine position low frequency
power spectral density significantly increased
in the sitting position at baseline but not after
one hour or three hours.

Placebo
When compared with the preceding period in
the supine position, low frequency power
spectral density significantly increased in sit-
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Table 4 Numerical results oflow frequency power spectral densities of heart rate between 003 Hz and 015 Hz. All
values are nornalised and expressed as percentages of total power spectral density

Case no

Phase 1 2 3 4 5 6 7 8 9 Mean (SD)

Gaflopamil
Baseline:

Supine 43-7 23-8 40 3 73-7 3-5 13-0 32-1 27-9 18-2 30-69 (20 55)
Sitting 23-5 20-4 49-8 18-7 14-7 42-9 72-1 25-6 4-4 30-23 (20 92)

After 1 hour:
Supine 16 5 8-9 13-2 49 0 3-2 18-9 27-3 23-8 1-7 18-06 (14-47)
Sitting 37-6 9-8 43 0 44-3 6-2 21-5 52 9 38-4 61-6 35 03 (18-85)

After 3 hours:
Supine 80-1 32-1 14-8 44-3 44-5 26-4 13 5 14-0 4 3 30 44 (23 35)
Sitting 11-7 12-5 38-9 38-0 34 0 39-9 30-1 26-3 37-4 29-87 (10 99)§

Nifedipine
Baseline:

Supine 25-0 9-9 24-2 62-8 0 9 2-4 12-9 0-9 25-1 18-23 (19-57)
Sitting 49-2 27 2 38-7 49-2 33 9 61-7 62-9 66-2 45 0 48-22 (13-56)*

After 1 hour:
Supine 412 76-7 7-1 18-9 7-1 6-7 3-6 8-1 30 5 22-21 (24-11)
Sitting 29-6 10-8 25-3 51-0 42-4 54-5 59-7 3-2 70 8 38-59 (22 88)

After 3 hours:
Supine 9-2 9 4 39.5 5-4 13-5 37 0 1-2 6-6 3-7 13-94 (14 24)t
Sitting 88-3 9-8 26-4 54-6 30 7 75-6 79 5 37-2 45 0 49 68 (26 80)t

Metoprolol
Baseline:

Supine 62-3 99 30 3 13-9 9-2 29-4 11-3 10-5 21-3 22-01 (17 21)
Sittng 56-4 17 7 39 3 71-4 23-0 79 3 17-5 49 4 19-4 41-49 (23.94)*

After 1 hour:
Supine 13-5 2 9 4-1 13-9 47-5 24-1 8-6 44-0 12-9 19-06 (16 38)
Sittng 44-6 23-9 119 44-7 14-1 65-6 16-5 24-7 24-3 30-03 (17-63)

After 3 hours:
Supine 18 2 48-7 14-8 4-1 73-5 32-2 4-8 23-0 27-9 27-47 (22-13)
Sittng 569 20-8 20-4 26 6 24-4 63-5 317 17-5 13 7 30-61 (17-63)§

Placebo
Baseline:

Supine 12-5 1 1 37 0 35 8 28-0 36-8 42-3 25-3 12-3 25-68 (14-11)
Sitting 38-6 54-2 27-2 55-0 56-0 78-8 43-5 23-6 37 5 46-04 (17-00)*

After 1 hour:
Supine 32 4 2-4 33-3 41-2 11-7 6-1 7-1 13-3 1-6 16-57 (14-98)
Sitting 21-2 7-4 13-2 38 7 29-5 57-8 47-1 34-1 25-8 30 53 (15-98)

After 3 hours:
Supine 31-9 70 1 20-8 53-6 51-1 56-2 3-8 3-7 45-5 37-41 (23 74)
Sitting 44-4 33-4 27-0 22-8 55-1 91-8 53-4 53.9 39-1 46-77 (20 62)

*p < 0 05 compared with supine baseline values. tp < 0-05 compared with supine values three hours after drug treatment.
:p < 0 05 compared with supine values three hours after placebo. Sp < 0.05 compared with sitting values three hours after placebo.

ting body position at baseline but not after
one hour or three hours.

Discussion
Compared with placebo gallopamil caused a
mild but significant increase in heart rate
after one hour in the supine position. The
lack of an increase after the change to sitting
and the fact that one subject developed an
atrioventricular block II type Mobitz indicate
that gallopamil inhibits sympathetic activa-
tion and prolongs atrioventricular conduc-
tion. Com-pared with placebo, heart rate
after three hours was lower only in the sitting
position but not in the supine position. This
may be explained by the fact that under
enhanced sympathetic tone the differences to
placebo may become more obvious and
finally reach significance.

Nifedipine caused reflex sympathetic acti-
vation with tachycardia, followed by an expo-
nential decline in heart rate in all but one
volunteer. The time constant of the decline
had a remarkably low variance and was 34 (7)
min in seven of the nine volunteers. One vol-
unteer, however, showed a prolonged time
constant of 83 minutes and may have had a

prolonged reaction in his cardiovascular
reflexes. Differences in drug disposition also
could explain this phenomenon. Time
domain heart rate variability with nifedipine

significantly decreased after one hour indicat-
ing that parasympathetic activity was strongly
overdriven by reflex sympathetic activity.
With metoprolol time domain heart rate vari-
ability significantly increased showing a high
parasympathetic activity after ,B adrenergic
blockade. In addition, there was a persistent
negative chronotropic effect. The lowering
effect of nifedipine on the rate-pressure prod-
uct on exercise was caused by its lowering
effect on maximal systolic blood pressure,
though reflex tachycardia was no longer pre-
sent after four hours. This is in good agree-
ment with the finding, that reflex tachycardia
declines exponentially with a time constant of
td 34 minutes, which means that after 3 td =

102 min there would be no further effect on
heart rate.

Spectral analysis of RR intervals and calcu-
lation of low frequency power spectral density
as an index of sympathetic cardiac activity
gave some interesting results. With gallopamil
there were no differences between the supine
and sitting positions. This probably means

that the normal increase in low frequency
power spectral density after the change in
posture did not appear, because gallopamil
inhibits cardiac sympathetic activation. In
addition, compared with placebo, gallopamil
significantly lowered low frequency power
spectral density three hours after administra-
tion in the sitting position. Both findings sup-
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port the hypothesis that cardiac sympathetic
activation is inhibited by gallopamil. This
effect was seen in the spectral analysis of
heart rate variability, though mean heart rate
did not change within the subjects. This is
not a contradiction because the spectral con-
tent of any signal can change without change
of its mean value. In addition, it has been
shown that time domain heart rate variability
can change without change of mean heart
rate during antiarrhythmic treatment.30 In
summary, these findings can hardly be
explained by a simple fixed delaying effect of
the drugs on atrioventricular conduction
because in this case the R wave would be
delayed only to the preceding atrial activation
by a fixed lag time and the time series of the
RR intervals would be shifted in time but not
changed in time or frequency domain charac-
teristics. Hitherto it is not clear whether gal-
lopamil exhibits a more complicated
modulating effect on atrioventricular conduc-
tion, which may be related to sinus cycle
duration and results in the observed decrease
of low frequency power spectral density with-
out significant increase in mean RR interval
duration. Furthermore, the site of action of
gallopamil is not clear. As is known from ani-
mal experiments, it may act as an inhibitor of
calcium dependent exocytotic noradrenaline
and neuropeptide Y release'5-38 at the sites of
signal transmission at the synaptic cleft or act
directly as a modulating substance of the
electromechanical coupling at the myo-
cardium.3839 To assess the sinus cycle dura-
tion related atrioventricular conductivity
studies with continuous measurements of
sinus rate and the atrioventricular conduction
time should be undertaken.
With nifedipine the normal increase in low

frequency power spectral density after the
change to sitting was seen at baseline and
after three hours but not after one hour.
Time domain analysis showed that this can
be explained by the reflex sympathetic activa-
tion which was still effective one hour after
administration. Therefore the change to sit-
ting body position did not add further mea-
surable sympathetic activation.
With metoprolol there was the expected

increase in low frequency power spectral den-
sity when posture changed to sitting at base-
line. This was not observed after one hour
and three hours, indicating that reflex sympa-
thetic activation was blocked. Time domain
heart rate variability accordingly increased
showing increased parasympathetic activity.

In conclusion, gallopamil and metoprolol
inhibit cardiac sympathetic activation.
Whereas metoprolol also lowers heart rate
which may be explained by a lower basal
sympathetic tone, the inhibition of sympa-
thetic activation by gallopamil may be related
to a modulating effect on sinus rate and atri-
oventricular conduction but without signifi-
cant decrease of heart rate. In contrast,
nifedipine causes strong reflex sympathetic
activation which lasts approximately 100
minutes.
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