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Unchanged peripheral sympathetic activity following
withdrawal of chronic metoprolol treatment. A study of
noradrenaline concentrations and kinetics in plasma
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1 Noradrenaline plasma kinetics were assessed in 17 male patients, who had been
treated with metoprolol 100-200 mg daily (n = 8) or placebo for 3 years after an acute
myocardial infarction, before and 1 week after gradual withdrawal (during 1 week) of the
study treatment. Endogenous noradrenaline concentrations in plasma were measured by
high performance liquid chromatography. Noradrenaline spillover rate, plasma clearance
and the t,½2 for the rapid removal from plasma were determined by radio-tracer
methodology.
2 During treatment the plasma noradrenaline concentrations and noradrenaline plasma
kinetic variables were similar in the two groups.
3 Venous plasma noradrenaline concentrations were more closely correlated to the
spillover rates of noradrenaline to plasma than to the clearance of noradrenaline from
plasma, but the spillover rates were correlated to the clearance rates.
4 Following the withdrawal of metoprolol noradrenaline clearance from plasma
increased slightly (by 18 + 5%, P < 0.05), but the plasma concentrations and spillover
rates of noradrenaline were unchanged. In the placebo group withdrawal did not result in
any significant changes.
5 Our results indicate that a generalised increase in sympathetic nerve activity is not the
cause of so-called rebound phenomena following withdrawal of chronic 3-adrenoceptor
blockade.
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Introduction

P-adrenoceptor antagonists are widely used in agents have been found to elevate plasma
the treatment of various cardiovascular dis- noradrenaline levels at rest in some studies
orders. Although the efficacy of these drugs is (Rahn et al., 1978; Fischer Hansen et al., 1978;
undisputed, their exact mechanisms of action Morganti et al., 1979; Lijnen et al., 1979;
and their influence on sympatho-adrenal activity Vlachakis, 1979), whereas other studies have
are not entirely understood. Plasma levels of shown no such effect (de Leeuw et al., 1977;
noradrenaline have frequently been used Watson et al., 1980; Vandongen et al., 1981;
to assess sympathetic outflow, as reviewed by Planz & Planz 1981; Olsson et al.,' 1984).
e.g. Goldstein (1981) and Man In't Veld & However, caution must be exercised when
Schalekamp (1982). P-adrenoceptor blocking noradrenaline concentrations in peripheral
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venous plasma are used to assess sympathetic
nerve activity, since these concentrations to a
large extent represent noradrenaline released
from sympathetic nerves supplying skeletal
muscle and sympathetic activity in other organs
seems to be underestimated (Folkow et al.,
1983; Hjemdahl et al., 1984). Furthermore, the
concentrations of noradrenaline are determined
both by the release of the amine into plasma
and its clearance from plasma. During treat-
ment with propranolol (Esler et al., 1981) and
oxprenolol (Esler, 1982) the clearance of nor-
adrenaline from plasma is reduced, which may
explain why f-adrenoceptor blockade fre-
quently is found to elevate plasma noradrena-
line concentrations. We have previously shown
significant and transient increases of resting
heart rates and increased ischaemic symptoms
following the withdrawal of chronic metoprolol
treatment (Olsson et al., 1984). In that study
plasma noradrenaline levels were unchanged at
rest and reduced during exercise following
withdrawal (Olsson et al., 1984). However, it
has been suggested that withdrawal of -

adrenoceptor blockade may be associated with
increased sympathetic activity (Nattel et al.,
1979). The primary aim of this study was to
clarify whether sympathetic activity is increased
in the withdrawal phase, and thus if increased
noradrenaline release to plasma is masked by
P-adrenoceptor blockade induced changes in
noradrenaline plasma kinetics. Thus, we have
studied noradrenaline kinetics in plasma during
and after withdrawal of chronic metoprolol
treatment.

Methods

Patients

Seventeen randomly chosen patients from the
Stockholm metoprolol postinfarction study
(Olsson et al., 1981) were investigated. The
patients were all non-smoking men who had
been on double-blind treatment with metoprolol
100-200 mg daily (n = 8) or placebo (n = 9) for
3 years following a myocardial infarction. None
had suffered a reinfarction during the year
preceding the investigations. The mean ages of
the patients in the placebo and metoprolol
groups were 60 ± 9 and 61 + 4 years,
respectively. Three patients were taking digoxin
and five were taking diuretics in the placebo
group. The corresponding figures were one and
four in the metoprolol group.
Procedures

Noradrenaline plasma kinetics were studied

while the patients were on the full dose of
metoprolol or placebo (= day 0). Treatment
was then gradually withdrawn during 1 week
and the study was repeated on day 14. We could
not repeat the study after a longer wash-out
period, when absolutely basal conditions were
established, as ethical doubts were raised against
a third exposure of the patients to radioactive
isotopes. The study was performed in a double-
blind fashion. All medication, except the study
drug, was kept constant. The tests were per-
formed at the same time of day for each
individual patient. The subjects were in the
supine position in a quiet single-bedroom. The
patients were asked to avoid coffee and tea
during 12 h prior to investigations. All patients
gave their informed consent to participate in
the study, which was approved by the Ethical
Committee at the Karolinska Hospital and the
local Isotope Committee.

Technique for determination of noradrenaline
kinetics

[3H]-(-)-noradrenaline with a specific activity
of 30-45 Ci/mmol (TRK584, The Radio-
chemical Centre, Amersham) and a radio-
chemical purity between 96 and 98% was
prepared for administration to humans. Radio-
chemical purity, sterility and freedom from

ns were checked in each preparation of
[ ]nradrenaline.
The radio-tracer infusion studies were carried

out according to the procedure of Esler and co-
workers (1979). Following an intravenous bolus
injection of 15 ILCi/m2, a constant infusion of
0.35 1uCi/m2 x min- was administered during
90 min. This corresponds to 7.8-11.7 pmol/mz
x min-' (1.3-2.0 ng/m2 x min1) of (-)-
noradrenaline, which is a physiologically in-
active dose. Venous blood was sampled from an
indwelling cannula in an antecubital vein on the
contralateral arm after 70, 80 and 90 min of
infusion and 1, 2, 3, 6, 9, 15, 20, 30 and 40 min
after cessation of infusion. The blood samples
(10 ml) were collected in ice-cooled plastic
tubes containing EGTA and reduced glutha-
thione (final concentrations 2.5 mmol/l and 2.0
mmol/l, respectively). After centrifugation for
10 min at 4°C the plasma was removed and
stored at -700C until analyzed.

Labelled and unlabelled noradrenaline were
extracted from plasma on to alumina, which
was carefully rinsed before eluting the catechols
in 0.1 M perchloric acid. Aliquots of the same
eluate were used to determine endogenous
noradrenaline concentrations by high perfor-
mance cation exchange liquid chromatography
with electrochemical detection (Hjemdahl et
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al., 1979) and to measure [3H]-noradrenaline
(i.e. alumina-extracted radioactivity), which
was determined in a Packard 300C Liquid
Scintillation Counter using the scintillation
cocktail Pico Fluor 30 (Packard Instrument Co)
and conventional methods of compensation for
quenching. Since the same alumina eluate was
used to assay endogenous and [3H]-noradrena-
line, corrections for incomplete recovery in the
alumina extraction step could be made for both
compounds by the internal standard (a-
methyldopamine). The alumina extracted radio-
activity represents virtually only [3H]-
noradrenaline with negligible amounts of
dihydroxylated 3H-labelled noradrenaline
metabolites (Esler et al., 1979; Esler, personal
communication). The inter- and intra-assay co-
efficients of variation for measurements of
endogenous noradrenaline (at plasma concen-
trations of 1-2 nmol/l) are 2-3% in our labora-
tory.
The spillover rate of noradrenaline (NA) to

plasma and the clearance of [3H]-noradrenaline
from plasma at steady state were calculated by
the following equations (Esler et al., 1979):

NA spillover [3H]-NA infusion rate
rate Plasma NA specific activity

NA plasma [3H]-NA infusion rate
clearance Plasma [3H]-NA

concentration

t½l, was calculated from the slope of rapid
removal of [3H]-noradrenaline following the
cessation of infusion using a computerized
pharmacokinetic analysis (Statistical Analysis
Systems, SAS Institute Inc., N.C., USA).

Statistical analysis

Student's t-test for unpaired samples was used
for comparisons between the two groups. When

comparing results from the two different in-
vestigations within a group Student's paired t-
test was used. Analysis of variance was used in
the comparison of the two groups with regard to
intra-group changes between the two different
investigations. Sequential multiple linear re-
gression analysis and analysis of variance were
used to determine and compare correlations
between the different parameters of noradren-
aline kinetics. A P-value < 0.05 was regarded
as indicative of a significant difference. In the
text mean values and standard errors of the
mean (s.e. mean) are given.

Results

Resting heart rate did not change significantly
in the placebo group (64 t 3 beats/min before
and 68 ± 4 beats/min after withdrawal) whereas
a significant increase from 55 ± 2 beats/min on
day 0 to 66 ± 3 beats/min (P < 0.01) was seen
after the withdrawal of metoprolol. Blood
pressures did not change in either group (136 ±
7/84 ± 2 mm Hg vs 131 ± 5/82 4 mm Hg and
128 4/78 ± 2 mm Hg vs 136 6/84 ± 3 mm
Hg in the placebo and metoprolol groups,
respectively).
Data on the plasma concentrations of nor-

adrenaline, spillover rates to plasma, nor-
adrenaline clearance and t½, are shown in Table
1. Endogenous venous plasma noradrenaline
concentrations at rest were similar in connec-
tion with the two investigations in both groups
and there were no significant differences be-
tween the two groups on either occasion.
Similarly, no significant changes in noradrena-
line spillover rate to plasma or in t½, were found
in either group and the two groups displayed
similar values for these variables on both
occasions. Values for tl,½ were not obtained
from one patient in each group due to diffi-
culties with rapid blood sampling following the
cessation of the [3H]-noradrenaline infusion.

Table 1 Venous plasma NA concentrations, NA spillover rates to plasma, NA clearance from plasma and t,
for the rapid removal of [3H]-NA from plasma following cessation of infusion in the two study groups day 0 (on
drug) and day 14 (off drug, i.e. 1 week after gradual withdrawal of the study treatment). For numbers see Table
2. * P < 0.05.

Placebo group Metoprolol group
On drug Off drug On drug Off drug

Plasma NA (nmol/l) 2.27 ± 0.16 2.50 ± 0.18 2.82 ± 0.37 2.24 ± 0.37
NA spillover rate 0.59 ± 0.07 0.71 ± 0.10 0.68 ± 0.12 0.77 ± 0.23
(>ag min-' m2)
NA clearance 1.53 ± 0.13 1.64 ± 0.14 1.46 ± 0.21 1.72 ± 0.26*
(1 min-' m-2)
t½ (min) 2.14 ± 0.25 2.15 ± 0.30 2.11 ± 0.37 1.95 ± 0.35
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The clearance of [3H]-noradrenaline from
plasma during infusion was constant in the
placebo group. In the metoprolol group, on the
other hand, a significant (P < 0.05 as estimated
by Student's t-test) increase of the noradrenaline
plasma clearance rate amounting to 18 ± 5%
was found after withdrawal of treatment. How-
ever, analysis of variance revealed no significant
difference with regard to withdrawal induced
changes in noradrenaline concentrations be-
tween the two groups. Furthermore, no signifi-
cant difference between the two groups was
found on either occasion. The individual values
for endogenous noradrenaline concentrations,
spillover rates and noradrenaline clearance are
shown in Figure 1.

Correlations between the different parameters
of noradrenaline kinetics are shown in Table 2.

Placebo Metoprolol

i I

I l

I 3
l I

t I I I I I

On drug Off drug On drug Off drug

Figure 1 Noradrenaline concentrations in venous

plasma (top), spillover rates (middle) and clearance
rates (bottom) during resting conditions before and

after withdrawal of placebo and metoprolol. Values
for individual patients are shown. The mean values

and s.e. mean are indicated by the vertical bars.
* = P < 0.05.

Statistically significant correlations were found
between noradrenaline spillover rates and clear-
ance rates in both groups. Noradrenaline plasma
concentrations and spillover rates tended to be
correlated in both groups. In the metoprolol
group there was a significant correlation between
plasma concentrations and clearance rates for
noradrenaline from plasma after the withdrawal
of metoprolol. This correlation was not found
during metoprolol treatment or in the placebo
group.
The relationships between noradrenaline

spillover rates and clearance rates, as well as
noradrenaline spillover rates and venous plasma
noradrenaline concentrations in the metoprolol
group are shown in Figure 2. The former
showed a slight but significant parallel shift of
the curve (P < 0.05) after the withdrawal of
metoprolol, due to the 18% increase in nor-
adrenaline plasma clearance. A significant
change in the slope of the relation between
noradrenaline spillover rates and venous plasma
concentrations (P < 0.05) following the with-
drawal of metoprolol was also found (Figure 2).
In the placebo group the positions and slopes of
these regression lines were unchanged follow-
ing the withdrawal.
The different parameters concerning nor-

adrenaline plasma kinetics were also tested in a
sequential multiple linear regression analysis in
order to elucidate the relative degree of ex-
planation offered by the various parameters
determined (Table 3).

Discussion

In the present study, the plasma concentrations
and spillover rates of noradrenaline to plasma
and the t½/2 for the rapid removal of noradrena-
line from plasma were unchanged after the
withdrawal of metoprolol treatment. The
clearance of noradrenaline from plasma was
slightly increased one week following gradual
withdrawal of chronic metoprolol treatment,
although analysis of variance revealed no signi-
ficant difference when compared to the placebo
group. In previous non-placebo controlled re-
ports similar reductions of the clearance of
plasma noradrenaline have been shown during
treatment with propranolol (Esler et al., 1981)
and oxprenolol (Esler, 1982). The patients in
the studies of Esler and co-workers (1981, 1982)
were investigated in the reverse sequence as
compared to our patients. The change in
noradrenaline clearance from plasma observed
by us following withdrawal of metoprolol there-
fore probably does not represent transient
rebound phenomenon, but rather a return to
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Table 2 Correlation matrix for variables concerned with NA kinetics in
plasma in the placebo group (n = 9, except for t,½2 when n = 8) and the
metoprolol group (n = 8, except for t,A, when n = 7) before and after
withdrawal of study treatment.

Placebo group Metoprolol group
On drug Off drug On drug Off drug

NA vs SO 0.56 0.81** 0.65t 0.91**
NA vs CL -0.08 0.47 -0.19 0.79*
NA vs t1 -0.50 0.09 0.44 0.37
SO vs CL 0.77* 0.90*** 0.61 0.97***
SO Vs t½/2 0.23 -0.16 0.03 0.59
CL vs t½ 0.67t -0.23 0.61 0.60

SO = NA spillover rate to venous plasma; CL = clearance of [3H]-NA
from plasma; t,½ = half life for the rapid removal of [3H]-NA from
plasma upon cessation of [3H]-NA infusion. tP < 0.1, *P < 0.05, **P <
0.01, ***P < 0.001

normal values. Neither of t
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he two studies noradrenaline, indicating that peripheral sym-
agonists lacking pathetic nerve activity at rest is not significantly
tivity, i.e. pro- altered by chronic 3-adrenoceptor blockade.
:oprolol (present Results obtained by the sequential multiple
changes in spill- linear regression analysis suggest that the
oncentrations of clearance of noradrenaline from plasma is not

the main determinant of plasma noradrenaline
levels at rest. Thus, the spillover rates were
more closely correlated to the plasma concen-

.. trations of noradrenaline than were the

..Day 14 clearance rates. tl, for the rapid removal of the
r=0.97 infused [3H]-noradrenaline contributed little to

the 'explanation' of inter-individual variability
Da 061 of endogenous noradrenaline concentrations.

Noradrenaline spillover rates to and clearance
rates from plasma were correlated. After meto-
prolol withdrawal the regression line for nor-
adrenaline clearance vs spillover rate showed a
significant shift. The parallelism of these re-
gression lines (Figure 2) indicates that the
metoprolol induced reduction of noradrenaline
clearance from plasma is constant and indepen-
dent of the spillover rate.
The relationship between noradrenaline spill-

over rates and venous plasma concentrations
was altered by metoprolol treatment in such a

-Day 14 way that the plasma concentrations of nor-
r=0.91 adrenaline showed a steeper increase with

increasing spillover rates of noradrenaline. This
might explain why the plasma concentrations of
noradrenaline may be unchanged at rest, but
significantly increased in connection with
exercise during chronic p-adrenoceptor

1.5 2.0 blockade (Watson et al., 1980; Planz & Planz,
Lg/min/m2) 1981; Olsson et al., 1984). Similarly, metoprolol
)radrenaline spill- and propranolol administration elevates plasma
d venous plasma levels of noradrenaline when the spillover rate
:om) in the meto- is 'artificially' increased, such as during intra-
= day 0, filled venous infusions of noradrenaline (Hjemdahl et
ment (= day 14, al., 1983). The latter study showed similar

effects of the two ,-adrenoceptor blockers on
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Table 3 Explained variance of venous plasma NA levels in a sequential multiple
linear regression analysis. Symbols etc. as in Table 2.

Placebo group Metoprolol group
On drug Offdrug On drug Offdrug

NA vs SO 0.312 0.653 0.428 0.822
NA vs (SO + CL) 0.950 0.989 0.986 0.928
NA vs (SO + CL + t,½) 0.949 0.993 0.995 0.966

noradrenaline concentrations during intra-
venous infusions.

In a previous study we found reduced plasma
noradrenaline concentrations during exercise 1
week after the complete withdrawal of chronic
metoprolol treatment, the reduction being 48%
at 100 W (Olsson et al., 1984). Part of this
reduction of noradrenaline concentrations in
plasma may be explained by the change in
clearance. However, the exact importance of
variations in noradrenaline clearance during
exercise cannot be evaluated, since so far only
data concerning noradrenaline kinetics at rest
have been reported. It is possible that reduced
sympathetic nerve activity may have contributed
to the findings, since there are indications that
,-adrenoceptor sensitivity is increased after
withdrawal of ,B-adrenoceptor blockade
(Boudoulas et al., 1977; Rangno et al., 1982 a,
b). This may result in a reduced need for
sympathetic nerve activity during exercise. The
present findings of unchanged plasma levels and
spillover rates for noradrenaline were obtained
during the period when patients have transient
increases of heart rate at rest (Olsson et al.,
1984). Increased sensitivity to isoprenaline after
withdrawal of ,-adrenoceptor blockade has
been demonstrated (Boudoulas et al., 1977;
Rangno et al., 1982 a,b). Taken together, the
results of these various studies support the

concept of increased P-adrenoceptor sensitivity
rather than increases in sympathetic nerve
activity following withdrawal of chronic P-
adrenoceptor blockade.

In conclusion, chronic metoprolol treatment
reduces the clearance of noradrenaline from
plasma slightly without changing the nor-
adrenaline spillover rates or plasma concentra-
tions at rest. Following withdrawal of treatment
we observed a slight increase in noradrenaline
clearance from plasma but no signs of altered
noradrenaline release at rest indicative of any
major change in peripheral sympathetic nerve
activity. Our findings are compatible with
increased P-adrenoceptor sensitivity as an
explanation for the clinical and laboratory
findings followed withdrawal of chronic treat-
ment with P-adrenoceptor blockade. The
kinetic determinants of noradrenaline concen-
trations in venous plasma seem to be (in order
of importance): spillover rate and clearance,
but probably not t½, for the rapid removal of
[3H]-noradrenaline following the cessation of
infusion.
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