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INCREASED PLATELET ADHESION AND AGGREGATION IN
HYPERTENSIVE PATIENTS: EFFECT OF ATENOLOL
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1 Fourteen patients with established hypertension followed a double-blind crossover-styled trial to
study the effects of 100 mg, day atenolol compared to placebo. Atenolol was found to be an effective
antihypertensive agent, reducing both systolic and diastolic blood pressure.
2 Hypertensive patients appear to have increased in vitro platelet adhesion and aggregation.
Atenolol significantly reduced platelet adhesion, but had little effect on aggregation. This may be
important in contributing towards the now-recognised cardio-protective effect of the B-adrenoceptor
blocking agents.
3 Blood chemistry and haematological parameters were unchanged; but whereas plasma cholesterol
and plasma triglyceride levels remained normal, there was a significant fall in plasma high-density
lipoprotein cholesterol levels. Side effects were very few.
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Introduction Methods

Over the last number of years there has been sub-
stantial progress in the medical treatment of hyper-
tension. Among the medications, drugs with
properties of anti-,3-adrenoceptor activity have be-
come the first-line choice in the majority of patients
with hypertension (Laragh, 1976; Conway, 1977).
The original,B-adrenoceptor blocking drugs (pro-

pranolol and others) were not cardio-selective; that
is, their blocking effect applied to both the ,81 and f2

receptors. Much attention has been given to the de-
velopment of a specific f31-adrenoceptor blocker.
Such a drug is atenolol, which does not have the
serious side effects that were attributed to the initial
selective ,8-adrenoceptor blocker practolol (Simpson,
1977; Zacharias, 1977).
Our study was undertaken to confirm the effect

of atenolol compared to placebo in patients with
essential hypertension. Of particular interest was the
effect of the drug on platelet function since any anti-
hypertensive drug possessing also 'anti-platelet'
properties would be advantageous. Previous studies
with /8-adrenoceptor blocking drugs have yielded
contradictory results in terms of the effects on platelet
function (Frishman et al., 1976; Keber et al., 1979;
Leon et al., 1978; Vlachakis & Aledort, 1980). To the
best of our knowledge the effect of atenolol on plate-
let functions has not been reported.

Fourteen male patients (age range 42-58 years) with
essential hypertension were given either atenolol, 100
mg daily, or placebo, in a double-blind fashion. All
patients had a systolic blood pressure of 160 mm Hg
and above and a diastolic pressure of 95 mm Hg and
above on three successive examinations prior to the
commencement of the study. All medications were
terminated at least 2 weeks before onset of the trial.
Half of the group of patients started with the drug and
half with the placebo. After 1 month a cross-over
took place, whereby those on placebo received the
specific drug and vice versa. The drug or placebo was
administered at 08.00 h each day.
Measurements of blood pressure and pulse rate

were undertaken prior to the commencement of the
study, after I month, and at the end of the study,

I after 2 months. The blood pressure and pulse were
measured at between 07.00 h and 08.00 h, between
12.00 h and 13.00 h and between 16.00 h and 17.00 h.
The determination was made with the patient lying,
sitting and after exercise which comprised climbing

I up and down two stairs at a maximum speed over 2
min. The blood pressure was measured on both upper
arms by the same examiner, using a standard sphyg-
momanometer. Of the two measurements, the higher
was taken as representative of the blood pressure.

Before commencement of therapy both platelet
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adhesion and platelet aggregation were determined in
the hypertensive patients, and compared with plate-
let function in a group of age-matched normotensive
controls. No differences existed between the hyper-
tensive patients and controls in terms of smoking,
alcohol consumption, degree of physical activity and
lipid levels.
On the same morning as the blood pressure

measurement, in vitro platelet adhesion and platelet
aggregation was determined. For purposes of platelet
adhesion, whole blood was drawn into 3.8% sodium
citrate (v/v = 9/1) and then pumped through an inert
silicon tube and applied to a glass slide in the form of a
stagnation point flow field (Berkowitz et al., 1981;
Viener etal., 1981). The number of platelets adhering
to the slide/unit area was determined and represented
the degree of platelet adhesion.

Platelet-rich plasma was prepared from citrated
blood by low-speed centrifugation (200 g, 10 min,
room temperature). Platelet aggregation was deter-
mined according to the method of Born (1962) using
a Chronalog aggregometer. The aggregating agents
were adrenaline (10 AM), ADP (10 AM), collagen
(1,ug/ml) and 5-hydroxytryptamine (10 Mm). The ex-
tent of aggregation was determined as the area under
the aggregation curve. Thiswas weighed and expressed
in milligrams. Blood was also taken for determination
of cholesterol, triglycerides, high density lipoprotein
cholesterol (HDL-C), fibrinogen, bilirubin, trans-
minase, alkaline phosphatase, urea, sugar, creatinine,
uric acid and electrolytes. A full blood count and
electrocardiogram were performed. All biochemical
determinations were by conventional methods.
HDL-C was determined by the heparin manganous
chloride precipitation method (Burstein et al., 1970).
Spirometry was performed on all patients before
commencement of treatment and subsequent to
atenolol or placebo administration. Values for forced
vital capacity (FVC) and forced expiratory volume
during the first second of expiration (FEV,) were
determined.
On each visit all patients were questioned regard-

ing the appearance of side effects.

Statistics

Student's paired t-test and the Wilcoxon rank test
were employed in each group.

Results

Blood pressure and pulse rate deterninations

There was a significant fall in syst6lic blood pressure
after commencement of atenolol treatment. This was
apparent on comparison with values before the treat-
ment commenced (P < 0.01) as well as on comparison
with values obtained while the patients were on
placebo (P < 0.01) (Table 1).

Similar results as the above were also obtained on
the diastolic blood pressure measurements (Table 1).
The average diastolic pressure before atenolol was
105.8 mm Hg, and after treatment 96.3 mm Hg (P <
0.0.1). After placebo treatment, no differences what-
soever were apparent.
The pulse rate dropped from an average of 93

beats/min before treatment to 77 beats/min during
treatment (P < 0.001). No change was noted with the
patients on placebo.
The changes in the above three parameters were

the same for each position of the patient, lying, sitting
or after exercise. They were also completely inde-
pendent of the time of day.
The long-acting effect of the atenolol was also

demonstrated by the fact that the blood pressure and
pulse measurements at 08.00 h, i.e. 24 h subsequent
to taking the tablets, were significantly lower in the
atenolol group compared with the placebo group.

Plateletfunction

The hypertensive patients revealed both increased
platelet adhesion and increased platelet aggregation
in comparison with normotensive controls (Table 2).
The effect of atenolol is demonstrated in Table 3.
There was a reduction in platelet adhesion subse-

Table 1 Systolic and diastolic blood pressure levels before and after atenolol and placebo (means ± s.d.).
(Comparisons were made between the values obtained before treatment with those obtained after atenolol and after
placebo administration).

Before treatment
Systolic Diastolic

After atenolol
Systolic Diastolic

After placebo
Systolic Diastolic

Morning Lying
Standing
Exercise

159 ± 16
156 ± 19
204 ± 30

108 +6
109+9
101 ± 10

143 ± 19*
141 + 19*
181 ± 17*

94 ± 10*
99± 13*
95 ± 14*

*P = (< 0.01 to < 0.05)
N.B. Similar results were obtained at both the afternoon and evening determinations.

152 ± 19
147 ± 17
184 ± 24

104 ± 9
106 ± 14
102 ±13
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Table 2 Platelet function in normal and hypertensive subjects.

Normals Hypertensives

Platelet adhesion (platelets/2500 M2)
ADP-induced platelet aggregation

(area weight in mg)

quent to treatment, but atenolol evoked little effect
on platelet aggregation. The placebo had no effect on
either platelet adhesion or platelet aggregation. No
further changes in these parameters were noted.

Lipid levels and other laboratory investigations

Plasma cholesterol and triglyceride levels did not
change following either atenolol therapy or placebo
administration. However, a significant drop in HDL-
C levels occurred following the drug which was not
apparent after the period on the placebo (Table 4).
The serum levels of glucose, creatinine, uric acid,

bilirubin, transaminase, alkaline phosphatase and
fibrinogen were unaltered after therapy with atenolol.
Similarly, no effect on the blood count was observed.

Pulmonary function tests

Various spirometric parameters were evaluated, and
in no case did atenolol result in impairment of respira-
tory function (Table 5).

Side effects

No serious side effects were demonstrated by any of
the patients receiving atenolol. A few complained
of weakness, drowsiness and headache. Most of the
patients reported feeling better and were more relaxed
subsequent to taking the drug.

Discussion

Atenolol has already been established as an effective
anti-hypertensive agent. We have confirmed this find-
ing. The effectiveness of the single-dose administra-
tion of atenolol has been demonstrated by others

8.2 + 3.9 10.6 ± 3.5 (P < 0.01)
2.38 + 0.88 3.35 + 0.61 (P < 0.01)

(Knapp, 1979; Sleight, 1979). Atenolol also has an
effect on exercise-induced tachycardia.

Platelets appear to play an important role in the
pathogenesis of atherosclerosis (Mustard & Packham,
1975); and in conditions such as hyperlipidaemia
(Aviram & Brook, 1982), diabetes (Kwaan et al.,
1972) and chronic renal failure (Viener et al., 1982),
in which accelerated atherosclerosis is a feature, en-
hanced platelet activity has been described. Hyper-
tension is another important risk factor for athero-
sclerosis. Platelet function in hypertensive individuals
has rarely been studied. We report here that our
hypertensive patients appear to have increased in
vitro platelet activation, as evidenced by increased
adhesion and increased aggregation in response to
ADP. The effect of j3-adrenoceptor blockers on
platelet aggregation has been determined by others.
In most instances propranolol was the (3-adrenoceptor
blocker tested (Nathan et al., 1977; Frishman et al.,
1976, 1978; Vlachakis & Aledort, 1980; Weksler et
al., 1977; Leon et al., 1978; Keber et al., 1979), but
pindolol (Nathan et al., 1977) and more recently
timolol (Thaulow et al., 1981) and carteolol (Small et
al., 1982) have been examined. The in vitro addition
of the 3-adrenoceptor blocker invariably resulted in
inhibition of platelet aggregation (Nathan etal., 1977;
Weksler et al., 1977; Thaulow et al., 1981). However,
contradictory results were reported in patients taking
f3-adrenoceptor blockers. Propranolol induced de-
creased in vitro platelet aggregation in patients with
angina pectoris (Frishman et al., 1976, 1978) and
hypertension (Vlachakis & Aledort, 1980) in whom a
hyperaggregability state had been diagnosed before
the onset of 8-adrenoceptor blocker therapy. In con-
trast, propranolol failed to decrease in vitro platelet
aggregation in either ischaemic heart disease patients
(Keber et al., 1970) or healthy volunteers (Leon etal.,
1978) who did not demonstrate any underlying hyper-

Table 3 The effect of atenolol treatment on platelet function in hypertensive patients.

Before treatment
After treatment

Platelet adhesion
(plateleti2500 m2)

9.4 + 3.2
7.9 + 3.8
(P<0.02)

ADP

3.85 ± 0.48
3.67 ± 1.31

NS

Platelet aggregation (area in mg)
Adrenaline Collagen

0.76 + 0.70
0.79 + 0.88

NS

1.39 + 1.20
1.71 + 1.62

NS

NS not significant.

S-HT

0.31 + 0.11
0.34 + 0.26

NS
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Table 4 Plasma cholesterol, triglycerides and high-density lipoprotein cholesterol levels
after atenolol and placebo administration (means + s.d.).

Before
treatment

Total cholesterol (mg,'100 ml)
Total triglycerides (mg, 100 ml)
HDL-cholesterol (mg,'100 ml)

256 ± 36
187 + 82
44 + 13

After
atenolol

242 + 43
179 + 65
35 + 9*

After
placebo

244+39
163+60
45 + 13

*P < 0.01. HDL is high-density lipoprotein.

aggregability. In patients taking timolol on a long
term basis there was no effect on platelet aggregation
(Thaulow et al., 1981).
To the best of our knowledge the effect of atenolol

on platelet function has not been reported. Certainly
the modality of platelet adhesion has not been in-
vestigated.

Interestingly, in our patients atenolol significantly
reduced platelet adhesion, but there was little effect
on platelet aggregation as measured in vitro.
Most workers consider the anti-aggregatory

properties of the 83-adrenoceptor blockers to be re-
lated to the membrane stabilizing activity (MSA) of
the drug (Nathan et al., 1977; Weksler et al., 1977;
Keber et al., 1979) Propanolol which possesses
MSA affects platelet aggregation whereas practolol
which lacks MSA has no effect on platelet function
even when administered at doses ten times greater
than that of propranolol (Weksler et al., 1977).
Atenolol also devoid of MSA (Barrett, 1977) had
no effect on platelet aggregation.
The differential effect of the drug on adhesion but

not aggregation is unusual. Its significance is open
to speculation, but further investigation with larger
groups of patients is indicated before firm conclusions
can be reached. Our finding adds a further dimension
to the therapeutic application and importance of
atenolol. It also indicates a possible mechanism for
the cardio-protective effect of the f8-adrenoceptor
blocking drugs.
The effects of /8-adrenoceptor blocking drugs on

plasma triglyceride levels appear somewhat confusing.
Some workers have described small increases in tri-
glyceride levels in short-term experiments (6 months
or less) (Day et al., 1979; Leren et al., 1980). Others
have reported no change or, indeed, a small reduction,

particularly in studies of a longer duration (Berglund
et al., 1976; Tanaka et al., 1976; Berglund & Anders-
son, 1981). It was suggested that the cardio-selective
and non-selective f3-adrenoceptor blocking agents may
behave differently in their effect on the lipids; but in a
recent double-blind, randomized cross-over study on
53 patients by Day et al., (1982), plasma triglycerides
increased during 3 months' treatment with pro-
pranolol, atenolol, metoprolol and oxprenolol. Both
our short-term and long-term results show that
atenolol has little effect on plasma triglyceride levels.

It is generally agreed that ,8-adrenoceptor blocking
agents do not affect plasma cholesterol levels; how-
ever, HDL-cholesterol concentrations are usually
significantly reduced in patients on propranolol
(Tanaka et al., 1976; Helgeland, 1978; Streja, 1978).
We have confirmed both these observations in this
study with atenolol. Day etal (1982) described a fall in
HDL-cholesterol levels with all four ,3-adrenoceptor
blocking agents tested. The importance of this obser-
vation lies in the now well-known inverse correlation
between HDL-C levels and prevalence of coronary
artery disease (Miller, 1975; Rapoport et al., 1978;
Brook et al., 1982). However, there is much evidence
in the recent literature favouring a reduction in
mortality and morbidity with long-term /8-adreno-
ceptor blockers over an increase as might have been
expected from the change in HDL-C (Lambert, 1976;
Berglund et al., 1978; Trafford et al., 1981). A small
drop in the HDL-C levels may well be an irrelevant
price to pay for the effective control of hypertension
in any one patient. It would appear, then, that on the
basis of morbidity and mortality data during treatment
with /3-adrenoceptor blockers, the changes observed in
HDL-C concentrations are of little consequence.

Table 5 FVC and FEV1 values before and after atenolol and placebo
administration.

Before
treatment

After
atenolol

After
placebo

76.3+8.4 75.7+6.8 74+11
98.1 + 9.9 94.2 + 14.3 96.1 + 17.1

FVC is forced vital capacity; FEV1 is forced expiratory volume during
the first second of expiration.

FEV1 %
FVC %
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