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EFFECT OF 1-ADRENERGIC RECEPTOR BLOCKADE WITH
PROPRANOLOL ON THE RESPONSE OF PLASMA
CATECHOLAMINES AND RENIN ACTIVITY TO UPRIGHT TILTING
IN NORMAL SUBJECTS

R. VANDONGEN, L. DAVIDSON, L.J. BEILIN & A.E. BARDEN
University Department of Medicine,
Royal Perth Hospital, Perth, Western Australia 6001

1 Relationships between plasma catecholamines (measured as noradrenaline and adrenaline) and
plasma renin activity (PRA) were examined at rest and during passive head-up tilting for 30 min in nine
normal subjects, before and after treatment with propranolol 160 mg daily for 7 days.
2 Noradrenaline (NA) and adrenaline (A) increased substantially after tilting for 15 min. There were
no changes in PRA. After 30 min tilting, NA remained elevated, whereas A had returned to resting
levels. A significant increase in PRA was apparent at 30 min. Pulse rate and diastolic blood pressure
increased progressively during tilting. Systolic pressure did not change.
3 Treatment with propranolol reduced pulse rate and systolic blood pressure at rest and during tilting.
Resting catecholamine concentrations and the response of NA to tilting were unaffected. In contrast,
treatment prolonged the A response leading to significantly higher levels after 30 min tilting.
Propranolol reduced PRA in six of the nine subjects and prevented the increase with tilting observed
before treatment.

Introduction

Adaptive responses to orthostasis are characterized
by increased activity of the sympathetic nervous
(Mathias et al., 1975; Hortnagl et al., 1977; Robert-
son et al., 1979) and renin-angiotensin system
(Oparil et al., 1970; Esler & Nestel, 1973; Davies &
Slater, 1976; Robertson et al., 1979), which contri-
bute to the maintenance of systemic blood pressure.
The increase in plasma renin levels may be secondary
to stimulation of renal 8-adrenoreceptors by circulat-
ing catecholamines (Vandongen, Peart & Boyd,
1973; Johnson, Shier & Barger, 1979) and is sub-
stantially reduced by f3-adrenoreceptor blocking
drugs (Davies & Slater, 1976).

Several reports have indicated that the level of
catecholamines in plasma is influenced by concurrent
administration of 13-adrenoceptor blocking drugs
(Irving et al., 1974; Brecht et al., 1976; Rahn et al.,
1978; Distler et al., 1978). Consequences of /-
adrenoceptor blockade which may affect plasma
catecholamine concentration include alterations in
central and baroreceptor mediated sympathetic dis-
charge, or interference with the neuronal release and
disposal of catecholamines. It is conceivable, there-
fore, that the attenuation of haemodynamic and
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renin responses to upright tilting by j3-adrenoceptor
blocking drugs is due to a net reduction in plasma
catecholamine concentration. In this study we have
examined the cardiovascular, catecholamine and
renin responses to tilting in normal subjects before
and after treatment with propranolol given orally for
7 days.

Methods

Nine healthy males aged 21-38 years from the
laboratory and clinical staff participated in these
studies. The subjects were fully informed as to the
nature of the investigation and the protocol was
approved by the Hospital's Ethics Committee on
Human Experimentations. No attempt was made to
standardize sodium intake. The subjects were non-
smokers, took no drugs, and were asked to eat their
customary breakfast but avoid coffee before report-
ing to the laboratory between 09.00-10.00h. An
indwelling scalp vein needle was inserted into a
forearm vein and the subjects rested horizontally on a
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manually adjustable tilt table. Thirty minutes later,
pulse rate was recorded and blood pressure measured
with a standard mercury sphygmomanometer. Blood
samples were drawn into tubes kept on ice for assay
of PRA and catecholamines. The tubes were im-
mediately centrifuged at 4°C and the plasma stored at
-20°C until assay within 4 weeks. A recent report
has indicated that forearm venous catecholamine
concentrations are representative of those elsewhere
in the vascular system (Watson et al., 1979). The
subjects were then tilted head up within 1 min to 75°.
Three subjects experienced immediate faintness and
the tilt was reduced to 50-60° with alleviation of
their symptoms. The data obtained from these sub-
jects was included in the study. Pulse rate and blood
pressure were measured again and further blood
samples taken after 15 and 30 min of continuous
tilting. The subjects were then instructed to take
160 mg of propranolol daily in four divided doses for
7 days. The above protocol was repeated with an
additional blood sample for measurement of prop-
ranolol levels.
PRA was measured by radioimmunoassay of an-

giotensin 1 generated from endogenous substrate
at 37°C and pH 7.4 in the presence of EDTA
(0.003M) dimercaprol (0.0014mM) and 8-hydroxy
quinoline (0.0035M). The interassay coefficient of
variation of this assay was 9.8% with a lower limit of
sensitivity of 0.04 pmol/ml.
Plasma NA and A were measured by the single

isotope radioenzymatic method described by Peuler
& Johnson (1977). This method was modified by
incorporating into the assay a calibration curve
(range 0-100 pg) for NA and A, in place of internal
standards added to each plasma sample. A further
modification was the use of chloroform ethanol:
ethylamine as the solvent system for thin-layer
chromatography. The interassay coefficient of varia-
tion is 10.9% for NA and 16.9% for A, based on
eight aliquots of the same plasma sample assayed
over a period of 5 weeks. The lower limit of sensitivi-
ty of the assay is 0.10 nmol/l for NA and A. Plasma
propranolol was measured in eight subjects by high
performance liquid chromatography using the
method of Dusei & Hackett (1979). Values given are
means ± s.e.mean and statistical analysis was per-
formed by Student's t-test for paired data.

Results

Heart rate increased substantially during head-up
tilting at 15 and 30 min in the nine normal subjects
tested (P<0.001) (Figure 1). Although treatment
with propranolol 160mg daily for 7 days lowered
heart rate, a smaller but nevertheless significant in-
crease was observed during tilting at 15 and at 30 min
(P< 0.05). Resting systolic blood pressure was re-
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Figure 1 Heart rate and blood pressure at rest (0 min)
and after head-up tilting for 15 and 30 min in normal
subjects, before (0) and after (0) treatment with prop-
ranolol 160 mg daily for 7 days. Values shown are means
+ s.e.mean (n =9). For significance of differences be-
tween untreated and treated values in this and subse-
quent figures: NS P>0.05; *P<0.05; **P<0.01;
***P<0.001.

duced from 120±3 to 110±1.7 mmHg (mean +
s.e.mean) after propranolol treatment (Figure 1). No
change in diastolic pressure was observed. Following
tilting, systolic pressure remained constant whereas
diastolic pressure increased at 15 (P<0.05) and 30
min (P<0.01). Similar increases in diastolic pres-
sure occurred after propranolol treatment
(P<0.01).
The mean plasma propranolol concentration in

eight subjects was 181 ± 25 nmol/l which generally
provides adequate f3-adrenoceptor blockade of exer-
cise induced tachycardia (Coltart & Shand, 1970).
As shown in Figures 2 and 3, resting plasma NA

and A levels were not altered by propranolol treat-
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Figure 2 Plasma noradrenaline concentration at rest (O
min) and during 15 and 30 min tilting in normal subjects,
before (0) and after (0) treatment with propranolol.

01l

ment. Treatment also did not affect the NA response
to tilting, with similar increases at 15 and 30 min
before (P< 0.001) and after propranolol (P<0.01
at 15 and P<0.001 at 30 min). Compared with
resting levels, plasma A was increased at 15
(P<0.01) but not at 30 min (P> 0.05) in untreated
subjects (Figure 3). After treatment with prop-
ranolol, plasma A was elevated at 15 (P<0.01) and
also at 30 min (P<0.00 1). These levels were higher
than before treatment, but this was significant only at
30 min (Figure 3).
Pretreatment PRA showed considerable variabili-

ty in resting levels (1.51 ± 0.35 nmol h-l 1-1) and in
response to tilting, with no change at 15 min
(1.81 ± 0.27 nmol h-l 1-1, P> 0.05) but a significant
increase at 30 min (2.5 ± 0.51 nmol h- 1-1, P<0.01).

In six of the nine subjects resting PRA was reduced
from 1.32±0.35 to 0.51±0.24 nmol h- 1'l
(P<0.05) after propranolol and did not change sig-
nificantly during tilting (Table 1). In the remaining
three subjects PRA was either unchanged (1) or
increased (2). Resting NA and A levels were unaf-
fected by propranolol in these subjects. As observed
for the group as a whole, the increase in A was more
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Figure 3 Plasma adrenaline concentration at rest (O
min) and during 15 and 30 min tilting in normal subjects,
before (0) and after (0) propranolol treatment.

marked and prolonged during tilting after prop-
ranolol administration.

Discussion

The haemodynamic responses to tilting are predict-
able and mediated by rapidly activated neural
mechanisms which are responsible for maintaining
blood pressure. Evidence for enhanced sympathetic
activity is provided by the increase in circulating NA
levels, occurring in parallel with the increase in pulse
rate and diastolic blood pressure, which are sustained
over the tilting period. In contrast to plasma NA the
increase in A concentration was not maintained and
returned to resting levels at the end of tilting. Persis-
tent elevation of plasma catecholamines in the up-
right position has recently been reported (Saar &

Table 1 Plasma renin activity (nmol h-' l-'), noradrenaline and adrenaline concentration (nmol/l) in six subjects, at rest
(O min) and during tilting (15 and 30 min), before and after treatment with propranolol 160 mg daily for 7 days. Values are
mean + s.e.mean.

Plasma renin activity Noradrenaline Adrenaline

0 15 30
1.32 1.98 2.12
+0.35 i0.45NS ±0.45*

0 15 30 0 15
1.42 2.43 2.66 0.25 0.36
±0.12 ± 0.24* + 0.36* + 0.08 ± 0.07*

After 0.61 0.71 1.0 1.42 2.84 2.84 0.22 0.45 0.46
propranolol +0.24 ±0.18NS ±0.45NS ±0.18 ±0.47** +0.24** +0.07 +0.11** ±0.1l**

For significance of difference from 0 min values, NS P> 0.05; *P< 0.05; **P< 0.01

Time (min)
Before
propranolol

30
0.31
+ 0.08NS
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Gordon, 1979), although NA and A were not meas-
ured separately. Although the peripheral sympathe-
tic nerves are probably the main source of the in-
creased plasma NA, reduction in hepatic and renal
blood flow during tilting could delay clearance of
catecholamines and may contribute to the increase in
plasma levels.

It is readily apparent that these changes in
catecholamines occur before there is a rise in PRA.
This is consistent with the view that the renin-
angiotensin system responds slowly to transient
stimulation and functions more in relation to long-
term circulatory adjustments (Guyton et al., 1972).
Our finding that the renin response to tilting was

considerably reduced by oral propranolol treatment
confirms published observations (Davies & Slater,
1976; Morganti et al., 1979), although the degree of
suppression was more variable and less complete
even in subjects where basal resting levels were sig-
nificantly lower. This may be related to the administ-
ration of propranolol by the oral rather than the
intravenous route employed in these other studies.
Substantial falls in systolic blood pressure occurred in
our normotensive subjects, which was not recorded
in hypertensive patients given intravenous prop-
ranolol (Morganti et al., 1979), and may have pro-
vided an additional stimulus to renin release
mediated by a local baroreceptor mechanism. How-
ever, the findings clearly demonstrate that when
basal PRA is suppressed no significant response to
tilting is seen.
The increase in plasma NA consequent to head-up

tilting is similar to that reported previously with this
manoeuvre (Hortnagl et al., 1977), and upon stand-
ing (Jones, Hamilton & Reid, 1979; Saar & Gordon,
1979). Changes in plasma A levels under these con-
ditions are less well documented, largely because
accurate determination has only recently been poss-
ible. We observed a definite increase at 15 but not at
30 min after commencing tilting. Using a similar
assay for measuring plasma catecholamines, Hort-
nagl and co-workers (1977) were unable to demon-
strate an increase in plasma A concentration after
tilting normal subjects to 400 for 5 min. The smaller
degree and shorter duration of tilt may account for
this discrepancy. Also the values quoted indicate
considerably less sensitivity compared with the mod-
ified technique employed in our study and the
changes may not have been detectable.

Despite the fall in systolic blood pressure after
propranolol treatment there was no increase in rest-
ing plasma NA or A concentrations in our subjects. It
is conceivable that administration of propranolol for
one week results in baroreceptor adaptation and
resetting, a situation that may not occur when blood
pressure is lowered abruptly by acute administration.
It is of interest that treatment with propranolol ex-

tends the increase in A during tilting to 30 min. This
difference between NA and A levels after prop-
ranolol was also observed during severe exercise
(Galbo et al., 1976). Possible explanations include an
exaggerated adrenal medullary response induced by
propranolol administration or reduced uptake into
tissues or nerves due to receptor occupancy. Since
plasma A increased during tilting before PRA, it is
unlikely that an effect of angiotensin II on the adrenal
medulla (Reit, 1972) is involved.
Although there are a number of reasons why

changes in plasma catecholamines may follow ad-
ministration of 13-adrenoceptor blocking drugs, no
firm agreement on the direction of these changes, if
any, has ensued. Perusal of published reports indi-
cates that noradrenaline levels have been found in-
creased (Galbo et al., 1976; Philipp, Cordes & Dis-
tler, 1977; Distler et al., 1978; Hansen, Hesse &
Christensen, 1978; Rahn et al., 1978; McGrath et al.,
1979; Lijnen et al., 1979), unchanged (Irving et al.,
1974; de Leeuw etal., 1977) or even reduced (Brecht
et al., 1976; Mueller & Ayres, 1980) after treatment
with f3-adrenoceptor blocking drugs in normotensive
or hypertensive subjects.

It is not possible at this stage to reconcile the
conflicting evidence of the influence of 13-
adrenoceptor blocking drugs on plasma
catecholamines. Some of the differences could be
attributable to the variable conditions under which
blood samples were drawn, the sensitivity and
specificity of the catecholamine assays employed,
and the pharmacological properties of the individual
3-adrenoceptor blocking drugs. The effect of age and
duration of treatment should be considered (Watson,
Stallard & Littler, 1979) and important differences
may also exist in baroreceptor sensitivity, and there-
fore sympathetic activity, in response to blood pres-
sure changes in normal and hypertensive subjects
(Mancia etal., 1978).
Our findings clearly demonstrate parallel increases

in NA and A, with a delayed rise in PRA, during
head-up tilting in man. Basal catecholamine concent-
rations were not affected by propranolol treatment
despite a substantial reduction in systolic blood pres-
sure. Although the NA response to tilting was unal-
tered, A levels during tilting were higher after prop-
ranolol. We have also shown that suppression of
PRA by propranolol treatment is not due to a reduc-
tion in circulating catecholamines, but most probably
to blockade of intrarenal receptors mediating renin
release (Vandongen et al., 1973).

This investigation forms part of a project supported by the
Life Insurance Medical Research Fund. We express our
sincere thanks to the subjects who volunteered to take part
in this study, and to Sister Catherine May for valuable
assistance. Plasma propranolol was measured by the De-
partment of Pharmacology, University of Western Aus-
tralia.



CATECHOLAMINE AND RENIN RESPONSES TO TILTING 373

References

BRECHT, H.M., BANTHIEN, F., ERNST, W. & SCHOEPPE, W.
(1976). Increased plasma noradrenaline concentrations
in essential hypertension and their decrease after long-
term treatment with a beta-receptor-blocking agent
(Prindolol). Clin. Sci. mol. Med., 51, (suppl. 3),
485S-488S.

CELUCH, S.M., DUBOCOVICH, M.L. & LANGER, S.Z.
(1978). Stimulation of presynaptic f-adrenoreceptors
enhances (3H) noradrenaline release during nerve
stimulation in the perfused cat spleen. Br. J. Pharmac.,
63,97-109.

COLTART, D.J. & SHAND, D.G. (1970). Plasma propranolol
levels in the quantitative assessment of beta-adrenergic
blockade in man. Br. med. J., 3,731-734.

DAVIES, R. & SLATER, J.D.H. (1976). Is the adrenergic
control of renin release dominant in man? Lancet, ii,
594-596.

DE LEEUW, P.W., FALKE, H.E., KHO, T.L., VANDONGEN,
R., WESTER, A. & BIRKENHAGER, W.H. (1977). Effects
of beta-adrenergic blockade on diurnal variability of
blood pressure and plasma noradrenaline levels. Acta
Med. Scand., 202,389-392.

DISTLER, A., KEIM, H.J., CORDES, U., PHILIPP, T. &
WOLFF, H.P. (1978). Sympathetic responsiveness and
antihypertensive effect of beta-receptor blockade in
essential hypertension. Am. J. Med., 64, 446-451.

DUSEI, L.J. & HACKETT, L.P. (1979). Analysis of prop-
ranolol in human serum using HPLC. Clin. Toxicol., 15,
63-66.

ESLER, M.D. & NESTEL, P.J. (1973). Renin and sympathetic
nervous system responsiveness to adrenergic stimuli in
essential hypertension. Am. J. CardioL, 32, 643-649.

GALBO, H., HOLST, J.J., CHRISTENSEN, N.J. & HILSTED, J.
(1976). Glucagon and plasma catecholamines during
beta-adrenergic blockade in exercising man. J. appl.
PhysioL, 40, 855-863.

GUYTON, A.C., COLEMAN, T.G., COWLEY, A.W., SCHEEL,
K.W., MANNING, R.D. & NORMAN, R.A. (1972). Arteri-
al pressure regulation: Overriding dominance of the
kidneys in longterm regulation and in hypertension.
Am. J. Med., 52,584-594.

HANSEN, J.F., HESSE, B. & CHRISTENSEN, N.J. (1978).
Enhanced sympathetic nervous activity after intraven-
ous propranolol in ischaemic heart disease: plasma
noradrenaline, splanchnic blood flow and mixed venous
oxygen saturation at rest and during exercise. Eur. J.
clin. Invest., 8, 31-36.

HORTNAGL, H., BENEDICT, C.R., GRAHAME-SMITH, D.G.
& MCGRATH, B. (1977). A sensitive radioenzymatic
assay for adrenaline and noradrenaline in plasma. Br. J.
clin. Pharmac., 4, 553-558.

IRVING, M.H., BRITTON, B.J., WOOD, W.G., PADGHAM, C.
& CARRUTHERS, M. (1974). Effects of /3 adrenergic
blockade on plasma catecholamines in exercise. Nature,
248,531-533.

JOHNSON, M.D., SHIER, D.N. & BARGER, A.C. (1979).
Circulating catecholamines and control of plasma renin
activity in conscious dogs. Am. J. PhysioL, 236,
H463-H470.

JONES, D.H., HAMILTON, C.A. & REID, J.L. (1979). Choice
of control groups in the appraisal of sympathetic nervous

activity in essential hypertension. Clin. Sci., 57,
339-344.

LANGER, S.Z. (1976). The role of a- and P-presynaptic
receptors in the regulation of noradrenaline release
elicited by nerve stimulation. Clin. Sci. mol. Med., 51,
423-426.

LEWIS, P.J. & HAEUSLER, G. (1975). Reduction in sym-
pathetic nervous activity as a mechanism for hypoten-
sive effect of propranolol. Nature, 256, 440.

LUINEN, P.J., AMERY, A.K., FAGARD, R.H. & REYBROUCK,
T.M. (1979). The effects of /3-adrenoceptor blockade on
renin, angiotensin, aldosterone and catecholamines at
rest and during exercise. Br. J. clin. Pharmac., 7,
175-181.

MANCIA, G., LUDBROOK, J., FERRARI, A., GREGORINI, L.
& ZANCHETTI, A. (1978). Baroreceptor reflexes in
human hypertension. Circulation Res., 43, 170-177.

MATHIAS, C.J., CHRISTENSEN, N.J., CORBETT, J.L.,
FRANKEL, H.L., GOODWIN, T.J. & PEART, W.S. (1975).
Plasma catecholamines, plasma renin activity and plas-
ma aldosterone in tetraplegic man, horizontal and tilted.
Clin. Sci. mol. Med., 49,291-299.

MCGRATH, B.P., BEILIN, L.J., SCHOFIELD, T., BENEDICT,
C.R., BARKER, N.P. & COOPER, R. (1979). Home blood
pressure monitoring and changes in plasma
catecholamines during once or twice daily treatment
with atenolol in patients with mild hypertension. Aust.
N.Z.J. Med., 9,374-381.

MORGANTI, A., SEALEY, J.E., LOPEZ-OVEJERO, PICKER-
ING, T.G. & LARAGH, J.H. (1979). The substitute role of
AC17H in supporting aldosterone response to head-up
tilt during acute renin suppression in patients with essen-
tial hypertension. Hypertension, 1, 130-135.

MUELLER, H.S. & AYRES, S.M. (1980). Propranolol de-
creases sympathetic nervous activity reflected by plasma
catecholamines during evolution of myocardial infarc-
tion in man. J. clin. Invest., 65, 338-346.

OPARIL, S., VASSAUX, C., SANDERS, C.A. & HABER, E.
(1970). Role of renin in acute postural homeostasis.
Circulation Res., 41,89-95.

PEULER, J.D. & JOHNSON, G.A. (1977). Simultaneous sing-
le isotope radio enzymatic assay of plasma norepine-
phrine, epinephrine and dopamine. Life Sci., 21,
625-636.

PHILIPP, T., CORDES, U. & DISTLER, A. (1977). Sympathe-
tic responsiveness and antihypertensive effect of beta-
receptor blockade in essential hypertension: the effect
of atenolol. Deutsche Med. Wochensch., 102,569-574.

RAHN, K.H., GIERLICHS, H.W., PLANZ, G., PLANZ, R.,
SCHOLS, M. & STEPHANY, W. (1978). Studies on the
effects of propranolol on plasma catecholamine levels in
patients with essential hypertension. Eur. J. clin. Invest.,
8,143-148.

REIT, E. (1972). Actions of angiotensin on the adrenal
medulla and autonomic ganglion. Fed. Proc., 31,
1338-1343.

ROBERTSON, D., SHAND, D.G.. HOLLIFIELD, J.W., NIES,
A.S., FROLICH, J.C. & OATES, J.A. (1979). Alterations in
the responses of the sympathetic nervous system and
renin in borderline hypertension. Hypertension, 1,
118-124.



374 R. VANDONGEN, L. DAVIDSON, L.J. BEILIN & A.E. BARDEN

SAAR, N. & GORDON, R.D. (1979). Variability of plasma
catecholamine levels: age, duration of posture and time
of day. Br. J. clin. Pharmac., 8, 353-358.

SANCHO, J., RE, R., BURTON, J., BARGER, A.C. & HABER,
E. (1976). The role of the renin-angiotensin-
aldosterone system in cardiovascular homeostasis in
normal subjects. Circulation, 53, 400-405.

WATSON, R.D.S., PAGE, A.J.F., LITTLER, W.A., JONES, D.H.
& REID, J.L. (1979). Plasma noradrenaline concentra-
tions at different vascular sites during rest and isometric
and dynamic exercise. Clin. Sci., 57, 545- 547.

WATSON, R.D.S., STALLARD, T.J. & LITTLER, W.A. (1979).
Effects of ,B-adrenoceptor antagonist on sino-aortic
baroreflex sensitivity and blood pressure in hypertensive
man. Clin. Sci., 57,241-247.

VANDONGEN, R., PEART, W.S. & BOYD, G.W. (1973).
Adrenergic stimulation of renin secretion. Circulation
Res., 32, 290-296.

VON EULER, U.S. & LISHAJKO, F. (1968). Inhibitory action
of adrenergic blocking agents on reuptake and net up-
take of noradrenaline in nerve granules. Acta Physiol.
Scand., 74, 501- 506.

(Received September 11, 1980)


