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Abstract

The variability in the pressor effects of the «;-adrenoceptor agonist phenylephrine was observed under placebo
conditions in ten healthy subjects in a double blind randomized study. Phenylephrine infusions were
administered before administration of placebo (baseline) and 2, 4, 8, 12, 24 and 48 h later.

The doses of phenylephrine required to increase systolic blood pressure by 20 mmHg after 8 and 12 h (5.30
and 9.30 pm, 81-4+15-3 and 71-1 % 16-0 ug min ", respectively) were significantly (P < 0-01) less than the

baseline values (8.30 am, 108-0%27-6 g min ).

These results might indicate a circadian variation in the phenylephrine-induced a-adrenoceptor-mediated
vascular response in healthy subjects. These observations lend further insight into circadian variations of
vascular tone that might contribute to circadian rhythms in cardiovascular disease.

Circadian rhythms are prominent and reproducible temporal
patterns that occur regularly over a 24 h period and have been
described in a variety of physiological and pathological events,
including heart rate and blood pressure (Bock & Kreuzenbeck
1966). There is an increased frequency of myocardial ischaemia
(Mulcahy et al 1988), myocardial infarction (Muller et al 1985),
sudden cardiac death (Muller et al 1987) and stroke (Marler et
al 1989) during the early morning hours.

Although an understanding of circadian vascular responses
might contribute towards explanation of circadian variation in
cardiovascular events, there is little information on the circadian
variation of a-adrenoceptor-mediated vascular responses in
man. Although Panza et al (1991) demonstrated increased
vascular tone during the morning as a result, either partly or
entirely, of increased a-sympathetic activity, the study was not
double blind; the response to an a-adrenoceptor agonist has not
yet been determined. The present double blind randomized
study evaluated the temporal variation in the pressor response to
the oy-adrenoceptor agonist phenylephrine under placebo
control conditions.

Methods

The study was approved by the Research Ethics Committee of
the Queen’s University of Belfast. Ten healthy male volunteers
(age 22 +2 y, mean weight 72-3 + 7-2 kg) participated in the
study after giving full written consent.

In order to prevent bias, the subjects underwent four identical
studies on different days, each separated by a week, in which,
after the first baseline infusion of phenylephrine, they received,
in a double blind randomized manner, either placebo or three
single oral doses of abanoquil, an a;-adrenoceptor antagonist.
This paper gives results for the placebo group only.

Having abstained from caffeine for at least 8 h, and after a
light breakfast, the subjects presented themselves at 8.00 am at
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weekly intervals to a temperature-controlled (22-25°C) labora-
tory. An intravenous infusion of saline was commenced into a
forearm vein. After resting supine for 15 min, baseline
measurements of heart rate (five consecutive R-R intervals on
an ECG rhythm strip) and blood pressure (Hawksley random
zero sphygmomanometer; diastolic blood pressure was taken at
Korotkoff phase 4) were made as a mean of two observations.
At about 8.30 am, phenylephrine hydrochloride, 40 ug min— L
was infused using an infusion pump (B Braun Perfusor VI).
When the initial dose of phenylephrine 0-5 g min—' had been
running for 4 min, heart rate and blood pressure were again
measured. After running for 8 min, the rate of infusion of
phenylephrine was increased to 60 ug min~' and 4 min later,
the same observations were repeated and the infusion increased
after 8 min. The rate of infusion was increased gradually
instead of being doubled in order to prevent an excessively
rapid rise in blood pressure. Serial doses of phenylephrine
through the range 40, 60, 100, 150, 200, 300, 400, 600, 1000
and 1500 ug min~! were infused in the same manner until the
systolic blood pressure increased by 30 mmHg from baseline or
the diastolic blood pressure exceeded 110 mmHg or the subject
could not tolerate the effects of phenylephrine. Phenylephrine
infusions were then performed at 2, 4, 8, 12, 24 and 48 h after
the first observations. Supine heart rate and blood pressure were
measured after a 15-min rest before each set of phenylephrine
infusions.

For each subject, individual dose-response curves for the
changes induced by phenylephrine with placebo were analysed
by a non-linear quadratic fit (non-linear regression program of
SPSS-PC (V3.0)). From the individual quadratic equation, the
doses of phenylephrine required to increase systolic and
diastolic blood pressure by 20 mmHg (PS20 and PD20,
respectively) and to reduce heart rate by 15 beats min "
(CD15) were calculated.

PS20, PD20 and CD15 at each time point for placebo were
analysed by repeated measures analysis of variance (MANOVA
program of SPSS-X (V2.0)) followed by Dunnett’s test for
multiple means comparison, comparing each time point with
the baseline. A P-value of less than 0-05 was taken as
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statistically significant. Results are expressed as means +
standard deviation.

Results

All ten subjects completed the study without any untoward
effects. The mean inter-subject variability of PS20 ranged from
92.4 to 173-3 ug min~" and the day-to-day variability ranged
from 108-0 to 127-8 ug min~ ",

The PS20 for placebo at 8 and 12 h (1730 and 2130 h;
81.4+£153 and 71.1£16-0 ug min~' respectively) were
significantly (P <0-01) lower than at baseline (0830 h;
108-0£27-6 ug min~"). The PS20 at 24 and 48 h (8.30 am)
did not differ from the baseline (Table 1, Fig. 1).

There was a trend for PD20 and CD15 to be lower at 8 and
12 h but the values were not statistically significant because of
larger variability than for PS20. There were no changes in
resting blood pressure or heart rate during the period (Table 1).
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Discussion

Phenylephrine is an «;-adrenoceptor agonist which produces
peripheral vasoconstriction and increases systolic and diastolic
blood pressure with a reflex decrease in heart rate (Depew
1988). This study observed greater sensitivity to phenylephrine
in the evening than in the moming in healthy volunteers under
placebo conditions, although the resting heart rates and blood
pressures remained unchanged throughout the day. This sugg-
ests that the difference in the vascular responses did not result
from a change in baseline haemodynamics. The phenylephrine-
induced pressor response was reproducible, as the PS20 value
was unchanged at the same time of the morning on three con-
secutive days (baseline, 24 and 48 h). The PD20 and CDI15
responses were more variable than the PS20 and hence, al-
though there was a trend for a similar increased response in the
evening, the result was not statistically significant. These find-
ings imply increased sensitivity to a-adrenoceptor agonists in
the evening.
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FIG. 1. Mean (+5.d.) infusion rate of phenylephrine (ug min~") required to increase systolic blood gressure by 20 mmHg

(PS20) before and after administration of placebo in ten subjects. *P < 0-01 compared with baseline.

mean +s.d.

Individual values; (]

Table 1. Mean (+s.d.) infusion rates of phenylephnne (ug min~ ") required to raise systolic and diastolic blood pressure by 20 mmHg (PS20 and

PD20), reduce heart rate by 15 beats min

! (CD15), resting systolic and diastolic blood pressure (mmHg) and heart rate (beats min '} before and
after administration of placebo in ten subjects (except CD15 where n=7).

Time (h) PS20 PD20 CD15 Systolic (nmHg)  Diastolic (mmHg) Heart rate (beats min ")
0 108.0 +27-6 108-6 +£29-2 100-1 £36-6 110-0+£9-3 67-91+8.7 622141
2 98-3+21-9 110-0 419 78.5+25.9 108-2+10-6 71-6+9:3 56-3+6-7
4 103-5+19-2 112.5436-2 100-0 + 68-6 107-3+9.7 692176 59-2+7-8
8 81.4+153 101.14+43-8 88-9+26-9 106-9+9-8 670+ 6-3 57-6+6-0
12 71-1+16-0 787+ 154 67.9+22.3 109-5+£10.7 682+ 6-0 61-0+8.0
24 95.6 +£23-5 94.9+25-3 103-0 +43.0 111.3+£92 68-4+7.7 61-5+£8.6
48 103-7+17.8 1073+ 16-0 7294312 1124160 70671 64-5+6-7

'P < 0-01 compared with baseline.
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The observations in this study suggest that circadian
variability  influences  a-adrenoceptor-mediated  vascular
responses in man. In a recent study Panza et al (1991)
demonstrated that in normal subjects forearm vascular resis-
tance as determined by plethysmography was higher in the
morning than at other times of the day. They then determined
that the increase in resistance was a result of a-adrenergic
activity because it was eliminated by intra-arterial infusion of
phentolamine, an «-adrenoceptor antagonist. Qur data are
consistent with their findings. The increased resistance to
phenylephrine in the morning could be explained by a high
basal a-adrenoceptor-mediated sympathetic vasoconstriction in
the morning, as found by Panza et al (1991). Thus our data
support the suggestion that there is increased basal «-adrenergic
activity in the morning which also results in increased vascular
resistance.

Increased a-adrenergic vasoconstrictor activity has been
demonstrated in cardiovascular conditions such as hypertension
(Amann et al 1981), coronary stenosis (Brown et al 1984) and
angina (Collins & Sheridan 1985) which show a circadian
rhythm, with worsening in the moming. Our findings of a
circadian variation in the «-adrenoceptor-mediated pressor
response might be important in elucidating the pathogenesis
of circadian rhythms in cardiovascular disease.

It is suggested that there might be a circadian variation in
baroreflex sensitivity as it increases during sleep and decreases
with mental arousal after waking (Conway et al 1983). As
baroreflex sensitivity has been shown to be inversely related to
phenylephrine pressor response (Conway et al 1984), it is
possible that the circadian variation of the phenylephrine
pressor response might be linked to this.

In conclusion, this study suggests that there is a circadian
variation in phenylephrine-induced w«-adrenoceptor-mediated
vascular response with an increased sensitivity in the evening
compared with morning. Our findings provide further insight
into circadian variations of a-adrenergic influences that directly
modulate vascular tone and which might therefore account, at
least in part, for some of the circadian rhythms in cardiovascular
disease. These observations would, in addition, be an important
consideration in the design of studies evaluating the activities of

a-antagonists by their effects on a phenylephrine-induceq
pressor response, as it would be important to compare their
effects at the same time of the day to offset this variability.
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