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Metabolic and haemodynamic effects of increased
circulating adrenaline in man
Effect of labetalol, an alpha and beta blocker
A D STRUTHERS, R WHITESMITH, J L REID
From the University Department ofMateria Medica and the Department ofBiochemistty, Stobhill General Hospital,
Glasgow

suMMARY To simulate increased sympathoadrenal activity adrenaline was infused in normotensive
subjects to achieve plasma adrenaline concentrations similar to those seen after myocardial infarction
or hypoglycaemia. Adrenaline was infused after pretreatment for five days with labetalol 200 mg
twice daily or placebo given in a random order.
The rise in systolic blood pressure and the fall in diastolic blood pressure observed after the

infusion of adrenaline (0.06 ,g/kg/min) were prevented by labetalol and no increase in blood
pressure was seen. Adrenaline infusion after pretreatment with placebo caused a profound fall in the
serum potassium concentration (4.12-3*20 mmol(mEq)/l). Pretreatment with labetalol completely
blocked adrenaline induced hypokalaemia (3.92-3.95 mmol(mEq)/l). Adrenaline induced T wave
flattening and QTc prolongation were also prevented by labetalol. Thus labetalol can prevent the
electrocardiographic, haemodynamic, and hypokalaemic effects of increased circulating adrenaline
in man. The combination of alpha and beta blockade appears to be required to block the
haemodynamic effects of adrenaline, and labetalol may, therefore, be useful in controlling both the
metabolic and circulatory responses during increased sympathoadrenal activity.

Intravenous beta blockade has been shown to have a
beneficial effect when given early during the acute
myocardial infarction.1 3 Early intravenous atenolol
and propranolol have been shown to decrease infarct
size and metoprolol to decrease mortality at one year
after definite or suspected myocardial infarction.
There are, however, little data on the metabolic and
haemodynamic effects of different beta blockers dur-
ing increased sympathoadrenal activity.
We have previously treated normotensive subjects

with different beta blockers and infused adrenaline
intravenously to produce similar concentrations of
plasma adrenaline to those seen in patients during
pathophysiological states such as myocardial infarc-
tion.4-6 Increased concentration of plasma adrenaline
was associated with significant and substantial falls in
serum potassium concentration, which could be of
importance after myocardial infarction since
hypokalaemia is a predisposing factor for ventricular
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arrhythmias.78 In a previous study adrenaline
induced hypokalaemia was completely prevented by
non-selective beta blockade with timolol but only par-
tially reduced by cardioselective beta blockade with
atenolol.6 In addition to these metabolic differences
between non-selective and selective beta blockers
there were also haemodynamic differences.
Adrenaline infused intravenously caused a small
increase in systolic blood pressure and a decrease in
diastolic blood pressure in untreated normotensive
subjects. When they were pretreated with a non-
selective beta blocker, however, adrenaline caused an
increase in diastolic blood pressure which appeared to
be due to peripheral alpha adrenoceptor stimulation
unopposed by peripheral vascular beta2 adrenocep-
tors. This caused vasoconstriction and an increase in
afterload, which in turn would be expected to increase
myocardial oxygen requirements9 and may be unde-
sirable after myocardial infarction.
We proposed that the combination of alpha and

non-selective beta blockade should prevent the vas-
oconstrictor responses to adrenaline and also prevent
hypokalaemia, as alpha blockade should prevent the
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alpha adrenoceptor mediated increase in vascular
resistance. This hypothesis has been examined using
pretreatment with labetalol, an agent with both alpha
and beta blocking properties.

Subjects and- methods.

Six normotensive subjects aged 23 to 31 years were
studied. They had no symptoms or signs of cardiovas-
cular disease and their resting electrocardiograms,
chest x-ray films, full blood counts, and serum elec-
trolyte concentrations were normal. The study was
approved by the local research and ethical committee
and each subject gave informed written consent. Each
subject was studied on two occasions on the fifth day
of treatment with either labetalol 200 mg twice daily
(Trandate, Allen and Hanburys Ltd) or placebo in a
randomised single blind fashion.
On each study day intravenous cannulae were

inserted into the antecubital veins of both arms. After
a 30 minute rest period the subjects were given their
morning dose of either labetalol or placebo and were
then infused with 5% dextrose for one hour. They
then received four 10 minute infusions of 0-01, 0.02,
0.04, and 0*06 ,g/kg/min of 1-adrenaline (Antigen
Ltd, Roscrae, Ireland) and blood pressure and heart
rate were monitored frequently. Adrenaline 0-06 ,ug/
kg/min was then infused for 90 minutes followed by
5% dextrose for a further two hours. Each infusion
was delivered by a Braun Perfuser VI pump (Tewkes-
bury, UK) at 55 mI/hour. Blood pressure, heart rate,
serum electrolyte and plasma catecholamine concent-
rations were measured at frequent intervals for one
and a half hours before, during, and for two hours
after the adrenaline infusion.

Blood pressure was measured by a semiautomatic
sphygmomanometer (Bosomat, Medical Electronics,
Blackpool, UK) and heart rate from precordial elec-
trocardiographic leads (Grass Model 7D, Grass
Instrument Co, Quincy, Massachusetts, USA). The
electrocardiogram was displayed continuously on an
oscilloscope and was also recorded at intervals at 50
mm/s as a permanent record. On these tracings the T
wave height was measured and the QT interval calcu-
lated from the onset of the Q wave to the point where
a tangent to the descending limb of the T wave cros-
sed the baseline. The QT interval was also corrected
for heart rate (QTc) by the Bazett correction for-
mula.10
The blood samples for estimation of serum electro-

lyte concentration were centrifuged within 30 minutes
of collection and subsequently analysed on a Techni-
con SMA 6/60 (Technical Instrument Corporation,
Tarrytown, New York, USA) using standard
methods. The samples for estimating plasma
adrenaline concentrations were collected into chilled
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heparinised tubes, centrifuged at 4°C, and stored at
-70°C until assay. The sensitive radioenzymatic
method of Da Prada and Zurcher"I was used to meas-
ure the plasma adrenaline concentrations. The overall
profiles of systolic blood pressure, diastolic blood
pressure, heart rate, and serum potassium concentra-
tion were analysed by repeated measures analysis of
variance.

HAEMODYNAMIC EFFECTS

Results

Fig. 1 shows the haemodynamic effects of adrenaline
between the end of the control dextrose infusion and
the end of the 0.06 ,ug/kg/min adrenaline infusion. On
the placebo study day at the end of the control dex-
trose infusion the blood pressure was 106+ 12/68+11
mmHg and the heart rate was 59+11 beats/minute
(mean±+SD, n=6). After the adrenaline infusion the
systolic pressure rose and the diastolic pressure fell to
126+12/55±14 mmHg (p<0-005) while the heart rate
rose to 70±9 beats/minute (p<0.01). On the labetalol
study day the blood pressure was 111 +±11/65±5
mmHg and the heart rate 60±7 beats/minute at the
end of the control dextrose infusion. After the
adrenaline infusion on the labetalol study day the
blood pressure and heart rate were unchanged at
108+14/66+10 mmHg (not signiflcant/not
significant) and 58+8 (not significant) beats/minute
respectively. Adrenaline, therefore, caused a
significant increase in systolic pressure and a decrease
in diastolic pressure after placebo treatment. These
haemodynamic changes were blocked by labetalol.
Adrenaline produced no significant haemodynamic
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Fig. 1 Haemodynamic changes (mean+tSD) between the end
of the control dextrose infusion and the infiusion of 0.06
pglkglnmn adrenaline after pretreatmentforfive days with either
placebo or labetalol 200mg twice daily. Statistical analysis by
repeated measures analysis ofvanance.
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effects in the presence of labetalol: in particular no
increase in diastolic pressure was seen as has been
observed previously when adrenaline was infused in
the presence of a non-selective beta blocker.612

HYPOKALAEMIC EFFECTS
Figs. 2 and 3 show the serum potassium concentra-
tions after the infusion of adrenaline. At the end of the
control infusion the concentration of serum potassium
was not significantly different on the placebo or
labetalol study days (placebo: 4*12+0- 18
mmol(mEq)/l; labetalol: 3*92+0423 mmol(mEq)/l
(mean± SD, n=6)). At the end of the adrenaline infu-
sion the mean (SD) serum potassium concentration
had fallen significantly to 3-20+0-35 mmol(mEq)/l
(p<0-05) after placebo pretreatment whereas there
was no significant change in the serum potassium con-
centration when adrenaline was given after labetalol
pretreatment (3.95+0.24 mmol(mEq)/l (not
significant)). Labetalol, therefore, completely
antagonised adrenaline induced hypokalaemia.

ELECTROCARDIOGRAPHIC EFFECTS
The electrocardiographic changes were examined at
the end of the control infusion and at the end of the
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adrenaline infusion and the results compared by
paired t tests. Adrenaline caused pronounced flatten-
ing of the T wave which was prevented by labetalol
pretreatment (T wave height: placebo -0.18±0-15
cm, p<0*05: labetalol: +0*01*0-07 cm (not
significant) (mean ±SD, n=6)). The QTc was pro-
longed by adrenaline from 0*36±001 s to 0*43±0.03 s
(p<0.002). Pretreatment with labetalol prevented
these adrenaline induced changes in QTc intervals
(0.36±0.01 s to 0*37±0-03 s, not significant).

Table 1 shows the plasma adrenaline concentra-
tions; these did not differ significantly between the
placebo and the labetalol study day. In addition, the
plasma adrenaline concentrations found during infu-
sion of 0-06 ,ug/kg/min adrenaline were similar to
those observed in patients with acute myocardial
infarction or patients with hypoglycaemia.5 13

Discussion

Pretreatment with labetalol can prevent both the
haemodynamic and hypokalaemic effects of increased
circulating adrenaline. In particular, during increased
sympathoadrenal activity no peripheral vasoconstric-
tion is seen as occurs when the concentration of
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Fig. 2 Serum potassium concentrations (mean +SD) during
infusion of5% dextrose, 0-06 pg/kg/mnm adrenaline, and 5%
dextrose after pretreatment with placebo forfive
days Conversion: SI to traditional units-Potassium: I
mmol/l = I mEqnl
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Fig. 3 Serum potassium concentratiom (mean +SD) during
infusion of5% dextrose, 0-06 pglkg/nin adrenaline, and 5%
dextrose after pretreatent with labetalol 200 mg twice daily for
five days. Conversion: SI to traditonal units-Potassium: I
mmol/l = I mEq/l
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Table Plasma adrenaline nmolll concentrations (mean ±SD)
during the initial dextrose infusion, the 0.06 pglkg/min
adrenaline infusion (60 min and 90 min), and thefinal dextrose
infusion afier pretreatment with either labetalol or placebo

Infusion Placbo Labetal

Dextrose 0-23+0-23 0-13+0-14
0-06 Lgfg/lmin

aline (60 min) 4.38+2-56 4.57±1.09
0*06 g//min
Ad Je 90 min) 3-16+1-75 3-98+1-40
Dextrose 0-13±0.07 0.21±0.07

Difference in values between placebo and labetalol study day was not
significant (repeated measures analysis of variance).

Coxversion: SI to traditional units-Adrenaline: 1 nmol-0-183 lAg.

plasma adrenaline is increased in the presence of
non-selective beta blockade.12 Although these conclu-
sions might be predicted from the pharmacological
profiles of labetalol there are reasons why this might
not have been the case in practice. Labetalol has grea-
ter beta blocking than alpha blocking activity.14 At
the dose used there might not have been sufficient
alpha blocking activity to prevent the alpha-
adrenoceptor mediated vasoconstriction which was
seen with non-selective beta blockade. In addition,
the circulatory effects of infused adrenaline have been
studied previously after labetalol treatment.
Adrenaline caused a pronounced increase in diastolic
blood pressure in the presence of labetalol.1s In that
study, however, the adrenaline infusion rates were
much higher than we have used and would lead to
plasma adrenaline concentrations substantially in
excess of those reported during increased sym-
pathoadrenal activity in acute myocardial infarction,S
hypoglycaemia,'3 or other severe stress in man.

Labetalol has been compared with propranolol in
the treatment of patients with coronary artery dis-
ease.16 Pulmonary artery wedge pressure rose after
intravenous infusion of propranolol but was
unchanged after that of labetalol. The cardiac output
fell after propranolol but was increased by labetalol.
The additional alpha-adrenoceptor antagonism or
vasodilator action of labetalol appears able to compen-
sate for and overcome the left ventricular depression
which is seen with beta blockade alone. Experience
with intravenous labetalol in myocardial infarction is
limited to those patients with both myocardial infarc-
tion and hypertension.17 In patients with increased
pulmonary artery end diastolic pressures labetalol
induced falls in pressure whereas in those with normal
pressures they were unchanged. In addition to these
haemodynamic improvements there is some evidence
also that alpha-adrenoceptor mediated vasoconstric-
tion may contribute to coronary artery spasm.8'19
Whether the alpha-blocking action of labetalol is
relevant in this regard remains to be established.

Adrenaline induced hypokalaemia in man has been
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reported previously12 and is confirmed in this study.
At the cellular level adrenaline induced potassium
influx appears to be mediated by a beta2 receptor
linked to membrane bound adenosine triphosphatase.
This has been demonstrated in skeletal muscle and in
erythrocytes20 (HH Bodemann et al., 16th Annual
Meeting of the European Society of Clinical Investiga-
tion, abstract No. 23) and may be a factor contribut-
ing to restoration of intracellular potassium and
sodium concentration after depolarisation. In cardiac
muscle, however, the effect of adrenaline is different,
causing loss of intracellular potassium.21
The T wave flattening which we found in this study

may reflect myocardial intracellular hypokalaemia and
be due to loss of potassium from both the intracellular
and extracellular compartments in the myocardium,
while potassium is correspondingly taken up by
skeletal muscle tissue, red blood cells, and other
unidentified tissues. The effect of adrenaline on
potassium fluxes in vascular smooth muscle is not well
established.
Thus increased concentration of plasma adrenaline

causes pronounced hypokalaemia, T wave flattening,
and QTc prolongation on the electrocardiogram. Both
hypokalaemia and QTc prolongation can precipitate
ventricular arrhythmias,622 and the arrhythmogenic
effect of catecholamines may therefore be mediated
both directly by effects on cardiac beta receptors and
indirectly by hypokalaemia. Adrenaline induced QTc
prolongation can be antagonised by atenolol, timolol,
and in the present study also by labetalol. Adrenaline
induced hypokalaemia is completely blocked by
timolol and labetalol but not by atenolol. Of these
three drugs, however, only labetalol is able com-
pletely to block the haemodynamic effects as well as
the electrocardiographic and hypokalaemic effects of
increased circulating adrenaline. These theoretical
benefits of the combination of alpha and beta block-
ade remain to be tested in practice in acute myocardial
infarction and in other clinical conditions in which
increased sympathoadrenal activity is present.
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