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1 Mean arterial pressure (MAP), heart rate (HR) and renal sympathetic nerve activity (RSNA) were

recorded in conscious spontaneously hypertensive rats (SHR).
2 Infusion of metoprolol (41Lmolkg-'h-') or propranolol (l.5pmolkg-'h-') reduced HR and
significantly increased RSNA.
3 Administration of metoprolol caused a sustained decrease of MAP starting in the third hour of
infusion. In contrast, administration of propranolol induced a biphasic response in MAP. It is
suggested that the increase of RSNA after both P-adrenoceptor blocking drugs is due to a decrease in
arterial baroreceptor activity.

Introduction

Different modes of action have been suggested to
explain the antihypertensive effects of P-adrenoceptor
antagonists, including inhibition of sympathetic out-
flow to peripheral blood vessels (see Wallin et al.,
1984; van Baak et al., 1985). Depending on the
experimental method and set-up and the dose of the P-
adrenoceptor antagonist, both inhibitory and
excitatory responses have been obtained. The
laboratory animals used have been either normoten-
sive or hypertensive. Furthermore, a number of
studies have been carried out under anaesthesia and
different types of anaesthetics have been used (see
Korner, 1982).
The aim of this study was to examine in detail

sympathetic responses to 3-blockers. By using a model
with instrumented conscious spontaneously hyperten-
sive rats, we could follow changes in sympathetic
outflow in undisturbed rats. Our main finding is that
the delayed decrease in arterial blood pressure is
paralleled by an increase in renal sympathetic nerve
activity.

Methods

Twenty-two male spontaneously hypertensive rats
(SHR) ofthe Okamoto Aoki strain were used. One day
before the experiment, the rats were anaesthetized
with methohexitone sodium (60-70mg kg-' i.p.) and

the renal sympathetic nerve branch was exposed via a
retroperitoneal flank incision. A thin, bipolar elec-
trode was placed around the nerve and insulated with
silicone rubber (Wacker Sil Gel 604). Catheters were
inserted into the left common carotid artery and into
the right jugular vein. The catheters and the electrode
cable were exteriorised on the neck. After surgery, the
rats were allowed to recover for at least 16 h. During
that period, all rats were connected to a swivel system
and perfused with 1 cc per h of Ringer solution
through the arterial cannula. The next day, the rats
were placed in a covered perspex tube, wide enough to
allow movements backwards and forwards. Basal
heart rates before administration of drugs were nor-
mal (around 400 beats min-'). The rats thus showed
no evidence of stress at rest. The nerve signal was
amplified (Grass P511) and rectified. The mean renal
sympathetic nerve activity (RSNA), together with
mean arterial pressure (MAP) and heart rate (HR),
were continuously sampled by computer as described
earlier (Lundin et al., 1984). RSNA was expressed as
% of its own basal level (100%).

After a stabilising period of 1-2 h, baseline values of
MAP, HR and RSNA were established. After a
control recording (60 min) of MAP, HR and RSNA,
an intravenous bolus dose ofmetoprolol (4 limol kg- ')
or propranolol (1.5 jmol kg- ') was injected over
3 min. This was followed by a 4 h period ofcontinuous
infusion of metoprolol (4 gmol kg-' h') or propran-
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olol (1.5 pmol kg-' h'). In control experiments,
equivalent volumes of Ringer solution were given.
Arterial blood samples (for measurement of plasma
concentrations ofdrugs) were taken at the end ofeach
intravenous infusion. The post-mortem nerve activity
was recorded in all animals for 30 min to measure the
noise level; this was subsequently subtracted from the
recorded value of the RSNA. Student's t test was used
for statistical evaluation. A P value less than 0.05 was
considered statistically significant. Values given are
means ± s.e.mean.

Results

Metoprolol and propranolol reduced the HR to the
same extent (Figure 1). The effect appeared
immediately after the first bolus dose was given and
persisted during the 4 h of drug infusion. However
metoprolol and propranolol had different effects on
MAP. Metoprolol caused a delayed decrease in MAP.
Compared to values obtained in control SHR, the
metoprolol-treated SHR showed a significant MAP
reduction after 2 h (-8.2 ± 2.9 mmHg) and this effect
persisted throughout the experiment. After propran-
olol, two distinct phases in the effects on MAP could
be seen. During the first hour of infusion, a transient
increase in MAP was observed (compared to

0) I m)I& X
a E E E b

E E E

+20

0 Ln10

0)
-c-101

appropriate controls). However, after 2 h MAP began
to decrease and was significantly (P <0.05) lower in
the third hour of infusion (Figure 1).

Both P-adrenoceptor antagonists produced statis-
tically significant (P<0.05 propranolol, P<0.01
metoprolol) increases in RSNA in the second hour of
infusion (metoprolol 13.9 ± 6.4%; propranolol
18.0 ± 12.1%) and this effect persisted until the end of
the experiment (see Figure 1). The plasma concentra-
tions of the administered drugs, obtained from blood
samples, taken at the end of the experiments, ranged
from 494 to 840 nmol 1-' for propranolol and from
374 to 680 nmol 1-' for metoprolol. These values
correspond to the therapeutic range for P-adrenocep-
tor blockade in man (Edvardsson et al., 1978).

Discussion

Our study clearly established that in conscious SHR
metoprolol and propranolol produced prolonged
increases in RSNA after a delay of about one hour.
The advantages of the design of this study compared
to those previously published are that we used cons-
cious, hypertensive rats, an animal model with many
similarities to essential hypertension in man (Folkow,
1983). In addition, the nerve recordings were perfor-
med on rats in good fluid balance one day after
surgery, thus avoiding a blunting effect of anaesthesia
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Figure 1 Effects of intravenous infusions of Ringer solution, metoprolol (4 ymolkg-'h-') and propranolol
(1.5 g&mol kg-'), for 4 h, on (a) blood pressure, (b) heart rate and (c) renal sympathetic nerve activity. The columns
represent changes from basal level expressed as % of control period; vertical lines represent s.e.mean. Open columns
represent control animals infused with Ringer solution (n = 9 rats); stippled columns, animals infused with metoprolol
(n = 7 rats); and hatched columns, animals infused with propranolol (n = 6 rats). Values of arterial blood pressure and
heart rate (beats min-') are shown above each group of columns (values are mean ± s.e.mean). Significance of the
differences from control period: *P <0.05, **P <0.01, ***P <0.001.
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on cardiovascular reflexes. Finally, we also measured
the plasma concentrations ofmetoprolol and propran-
olol, to ensure that the plasma levels were within the
therapeutic range.
The immediate response to administration of either

drug was a decrease in HR not accompanied by
changes in MAP or RSNA. One hour later, however,
we observed a significant rise in RSNA despite no
significant change in MAP. In the third and fourth
hour, we observed a significant decrease in MAP,
paralleled by a further increase in RSNA.
The fact that the administration of either drug in

this study did not cause an acute change in RSNA is
surprising because injection of P-adrenoceptor
antagonists in rats induces an immediate and marked
decrease in cardiac output (van Baak et al., 1985). This
means that arterial pressure is maintained by per-
pheral vasoconstriction, probably neurally mediated
and most likely due to increased sympathetic outflow
in some other vascular areas. Our data thus differ from
those obtained from experiments done in man by
Sundlof et al. (1983) and Wallin et al. (1984), who
observed an immediate sympathetic excitation upon
injection of metoprolol. One explanation for these
discrepancies might be differences between species.
Another explanation might be that Wallin et al. (1984)
measured sympathetic activity in muscle nerves
whereas we recorded renal nerve activity in our
preparations.

Another interesting finding in this study was that
the increase in RSNA in SHR preceded the antihyper-
tensive effect of metoprolol. Since it is unlikely that a
static unloading of arterial baroreceptors produced
the initial increase in RSNA, other mechanisms should
be considered. It is known, for example, that changes
of dynamic blood pressure components can influence
baroreceptor responses (Gero & Gerova, 1967;
Angell-James & de Burgh Daly, 1970). One may
speculate that the rapid reduction of HR induced by
either drug could have produced dynamic unloading
of the arterial baroreceptors (reduced dP/dt,,.<X) and
consequently induced the initial increase in RSNA.
The delayed decrease in MAP after metoprolol could

have additionally contributed to this effect-by static
unloading of the baroreceptors. This assumption is
supported by the observation that only when
baroreceptors were exposed to ambient arterial pres-
sure was propranolol able to produce an increase in
resistance in an isolated muscle bed (Lisander &
Nilsson, 1978).
Another possible explanation for the increased

RSNA could be that the P-adrenoceptor antagonists
were acting directly on the central nervous system. It is
likely, however, that the central action of such drugs
has inhibitory effects on sympathetic drive and
thereby contributes to the long term antihypertensive
effects on these compounds, as shown both in hyper-
tensive patients (Wallin et al., 1984) and in SHR
(Takeda & Bunag, 1980).

Previous investigations on the effect of various P-
adrenoceptor antagonists on sympathetic activity
have produced conflicting results (see Korner., 1982,
van Baak et al., 1985). It should be noted, however,
that the animals used for those studies were either
normotensive or hypertensive and either anaesthetized
or conscious, and the reported effects were monitored
for only 2 h after administration ofthe P-adrenoceptor
blockers being tested. In addition, very few studies
included measurement of the plasma level of the
administered compounds. Our data can therefore not
be compared with those from these earlier studies
because we used direct nerve recordings in conscious
unrestrained hypertensive rats.

In conclusion, direct nerve recordings of renal
sympathetic activity in conscious spontaneously
hypertensive rats show that the delayed decrease in
arterial blood pressure observed two hours after
continuous infusion of metoprolol or propranolol is
accompanied by a rise in sympathetic activity. These
results thus argue against the hypothesis that the
antihypertensive effect of 1-blockers is due to general
sympathetic inhibition to all vascular areas. However,
we do not exclude the possibility that the sympathetic
drive to other vascular beds might decrease, as has
been suggested for the muscle sympathetic outflow in
man by Wallin and coworkers (1984).
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