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Summary
Beta adrenergic blocking drugs were found to be
effective hypotensive agents in the long-term treatment
of patients with hypertension. In 40% of patients they
appeared to be an extremely satisfactory antihyper-
tensive agent. The fall in blood pressure was confirmed
in a double blind study which also indicated that pro-
pranolol, prindolol, alprenolol and MK 950 (timolol)
had similar antihypertensive properties. Propranolol
and timolol reduced the pulse rate more than
prindolol and alprenolol but the fall in blood pressure
induced by the fourdrugs was not significantlydifferent.
The incidence of volunteered side effects was low, but
when questioned specifically a large number ofpatients
has disturbance of their dream pattern. This was more
frequent and severe with prindolol and alprenolol. In
this study bronchospasm was associated with the use
of propranolol and timolol but not with that of
prindolol and alprenolol.

In general, there is little difference between the
various beta adrenergic blocking drugs in the treatment
of hypertension, but in a few patients one or other may
have advantages over the remainder. The dose ratios
of the four drugs closely reflected their reported
potency in producing beta adrenergic blockade.
However, their exact mechanism of action is unknown,
though it is probable that part of their effect is media-
ted via the central nervous system.

BETA adrenergic blocking drugs are a significant
advance in the control of hypertension. If used in
large doses in combination with a thiazide diuretic
they produce a fall in blood pressure and a degree of
blood pressure control that compares favourably
with other first line antihypertensive drugs (Prichard
and Giltam, 1969; Morgan et al., 1972; Zacharias
and Cowen, 1970).

A large number of beta adrenergic blocking drugs
now exist. Chemically these have certain structural
elements in common (Fig. 1) but vary in their potency
and their biological effects (Guidicelli, Schmitt and
Boissier, 1969; Wilson et al., 1968; Dunlop and
Shanks, 1969; Vohra, Dowling and Sloman, 1969).
During the last 3 years four different beta blocking
drugs (prindolol, propranolol, alprenolol and timolol)
have been used in our hypertensive clinic. To compare
the antihypertensive effects of these drugs and the
incidence of side effects during treatment, two
separate double-blind crossover trials have been
carried out. We report here the results oftwo double-
blind crossover trials and our general results with
beta adrenergic blocking drugs.

Methods
Patients with moderate to severe hypertension,

attending as outpatients have been treated with one
or more of four beta adrenergic blocking drugs
(prindolol, propranolol, alprenolol or timolol).
The beta adrenergic blocking drugs were added to
the previous therapeutic regime and when possible
other drugs were ceased. Full details of the method
used have been reported previously (Morgan et al.,
1972). The response of the patients was graded as
follows. Good, a fall of 15 mmHg and a final
diastolic blood pressure below 100 mmHg; fair, a
fall of 15 mmHg and a final diastolic blood pressure
below 120 mmHg; poor, a fall of less than 15 mmHg
or a final diastolic blood pressure greater than 120
mmHg. In many patients a placebo was substituted
for a 2-week period to verify that there had been a
fall in blood pressure. The patients were given an
opportunity to volunteer side effects, but were not
interrogated about specific side effects.
Twenty patients who had previously responded to
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FIG. 1. Chemical structure of isoprenaline and four beta adrenergic receptor blocking drugs. LB 46 is
prindolol (Sandoz); MK 950 is timolol (Merck Sharp and Dohme).

prindolol were entered into a double-blind trial
designed initially to compare the efficacy of prindolol
with propranolol, and subsequently of alprenolol
with timolol. During the course of this trial the
dose of other antihypertensive drugs and the intake
of sodium were not varied. All patients were taking
a thiazide diuretic and patients 2, 8, 15 and 16 were
receiving a methyl dopa as well. The pattern of the
trial was as indicated in Table 1. Prindolol 5 mg,
propranolol 40 mg, alprenolol 100 mg, timolol 5 mg
and placebo were placed in identical capsules. All
previously used beta adrenergic blocking drugs were
stopped for 2 weeks and the blood pressure at the
end of this time was taken as the control value. The
placebo was then given for 4 weeks, the blood
pressure being recorded 2 and 4 weeks after its com-
mencement. The mean of these values are recorded
in the results. A capsule containing either prindolol
or propranolol was then given 3 times/day and in-
creased to 2 tablets 3 times/day if control was not
adequate at 2 weeks. The mean of the blood pressure
taken 6 and 10 weeks after commencing the active

agent is recorded in the results. At the end of this
time the patients were crossed over to the capsule
containing the other drug, and the dose again com-
menced at 3 times/day and adjusted as before. After
a further 10 weeks' treatment, a placebo was resub-
stituted and 2 weeks later a second crossover trial of
alprenolol and timolol was commenced using the
technique described above. The blood pressure was
recorded standing and lying on each occasion after a
10 min rest period. As these pressures were similar
the mean of the lying and standing pressures is pre-
sented. The pulse rate was taken lying. At each visit
the patients were asked specifically if they had any of
the symptoms listed in the results and also whether
they had any other symptoms.

In a later study, patients who had previously failed
to respond to a beta adrenergic blocking drug were
given prindolol, propranolol, alprenolol or timolol
to a maximum dose of 80, 480, 800 or 80 mg/day
respectively. The drugs were doubled in dose each 2
weeks and were used for a total of 10 weeks. This
study was designed to determine whether patients

TABLE 1. Outline of trial

Week

0-3 4-13 14-23 24-25 26-35 36-45

Group 1 Placebo Prindolol Propranolol Placebo Alprenolol Timolol
Group 2 Placebo Propranolol Prindolol Placebo Timolol Alprenolol

Patients 2, 3, 7, 8, 9, 10, 12, 15, 18 and 20 were in Group 1.
Patients 1, 4, 5, 6, 11, 13, 14, 16, 17 and 19 were in Group 2.
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Blocking drugs in hypertension 255

resistant to one beta blocking drug were also resis-
tant to other beta blocking drugs. These patients had
previously been resistant to other commonly used
antihypertensive drugs.
Results
Long-term results of treatment with beta blocking
drugs
When prindolol, propranolol, alprenolol or

timolol were used in a large number of ambulant
hypertensive patients the fall in blood pressure was
similar with approximately the same percentage
having a good, fair or poor response to each drug
(Table 2). Overall between 40-60% of patients
benefited from this form of therapy.
The incidence of side effects for each beta blocking

drug was similar, but the pattern was different.
Prindolol and alprenolol were associated with a
high incidence of dreams and nightmares whereas
bronchospasm was only seen in patients given
propran4lol or timolol (Table 3). In most cases the
side effects were of a minor nature and treatment had
to be ceased because of side effects in less than 10%
of patients (Table 2).
Double-blind crossover trial
Twenty patients commenced the double-blind

evaluation of the four beta adrenergic blocking
agents and all except patients 2 and 4 completed the
trial. These two patients who were female have not

been included in the analysis. The eighteen patients
who form the basis of the trial were males with
serum creatinine below 1 8 mg %.
The full results are indicated in Table 4 and the

statistical assessment by means of a paired 't' test is
indicated in Table 5.
On the first occasion the placebo produced a small

but statistically significant fall in systolic and dia-
stolic blood pressures, but the pulse rate was un-
altered. When the patient received the placebo on
the second occasion the systolic blood pressure was
slightly lower than before, but the diastolic blood
pressure and pulse rate did not differ.
The systolic and diastolic blood pressures on all

four drugs were significantly below either control or
placebo values. The fall in blood pressure occurred
promptly and was present in all cases by 2 weeks
though increased doses then produced a further
fall. Similar falls in systolic and diastolic blood
pressures were achieved with all beta adrenergic
blocking drugs. The mean doses used were, prindolol
23 ±8 (s.d.) mg, propranolol 176±60 mg, alprenolol
460±156 mg, and timolol 24±7 mg. In Table 5 it
can be noted that timolol did not cause as large a
fall in diastolic blood pressure as was achieved with
propranolol and alprenolol. The dose of timolol
was not able to be increased beyond 15 mg/day in
patients 1 and 11 due to bronchospasm and if these
two patients were excluded, the fall in diastolic
blood pressure was not different. However, it should

TABLE 2. Long term effectiveness of beta adrenergic blocking drugs in the treatment of hypertension
Any beta
blocking Prindolol Propranolol Alprenolol Timolol

drug
Good response 85 62 20 25 17
Good response but ceased
due to side effects 12 9 5 3 5

Fair response 33 24 5 10 3
Poor response 61 51 16 17 10
Number of patients 191 146 46 55 35

TABLE 3. Side effects due to beta adrenergic blocking drugs
Any

blocking Prindolol Propranolol Alprenolol Timolol
drug

Total number of patients 191 146 45 55 35
Dreams, nightmares,

halucinations 35 28 7 7 4
Bronchospasm 4 - 4 - 4
Depression 9 6 3 3 3
Nausea, vomiting, diarrhoea 5 3 2 3 2
Tingling, cold extremities or
cramp 10 3 4 8 3

Other side effects 9 7 3 3 2
No. of patients who com-
plained of any side effects 44 35 14 12 9
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TABLE 4. Blood pressure and pulse rate on beta adrenergic blocking drugs and placebo
Patient Control Placebo Prindolol Propranolol Placebo Alprenolol Timolol

no. S D P S D P S D P S D P S D P S D P S D P
1 170 130 80 170 130 78 140 95 66 140 95 68 165 135 76 140 100 72 170 115 70t
2* 170 120 80 170 115 72 150 100 66 150 95 64
3 205 135 72 200 130 72 175 105 68 175 100 68 205 130 72 180 100 68 170 100 68
4 200 115 96 200 115 92 170 110 68 180 110 70
5 199 125 80 145 105 80 130 85 60 125 88 60 150 110 61 130 85 64 130 95 64
6 190 115 70 170 105 68 145 105 72 145 95 60 170 115 87 145 95 70 140 100 60
7 170 125 96 170 120 94 135 95 70 140 95 70 150 110 80 140 90 70 135 95 70
8* 190 130 84 170 125 80 160 105 70 165 100 60 160 110 88 165 100 64 150 105 60
9 160 110 96 160 120 96 150 100 74 145 95 68 160 110 100 150 95 72 120 90 62
10 195 135 76 170 120 80 140 95 70 160 115 68 170 120 72 150 105 72 150 115 70
11 195 135 72 195 135 72 140 105 72 135 95 62 175 120 82 140 100 68 160 115 68t
12 190 140 80 180 115 88 169 100 84 160 100 68 190 125 98 160 105 72 190 120 80
13 165 115 64 165 95 68 160 100 57 180 120 60 155 110 78 155 100 70 160 105 62
14 190 130 80 190 125 80 170 105 68 150 100 60 165 120 74 150 100 64 150 100 66
15* 180 130 70 170 125 75 160 100 65 160 100 60 170 120 72 155 100 60 155 100 60
16* 185 120 88 180 110 84 135 80 68 135 80 72 170 110 85 135 80 68 150 95 68
17 180 120 92 180 105 90 140 95 60 165 95 58 180 120 72 155 95 60 150 95 60
18 160 120 68 160 110 70 140 95 66 140 90 64 160 115 80 140 90 64 130 90 54
19 165 105 74 160 100 78 125 75 74 120 70 66 160 100 75 120 70 66 135 80 54
20 180 110 86 180 110 82 145 105 78 125 90 60 160 115 76 135 105 64 130 90 60
Mean 182 123 80 174 115 80 148 98 69 149 96 64 167 116 79 147 95 67 148 100 64
s.d. 13 10 10 15 11 9 15 9 6 18 11 5 14 8 9 14 9 4 18 10 6
* On methyl dopa as well; t Full doses not able to be used because of bronchospasm; S, systolic blood pressure (mmHg);

D, diastolic blood pressure (mmHg); P, pulse rate.

TABLE 5. Paired 't' test and P value derived from Table 2

Control Prindolol Propranolol Placebo Alprenolol Timolol

(a) Systolic B.P.
Placebo 2-82 8-1 5-77 2-32 7-92 6-85

0-01 <P<005 <0.001 <0.001 0.01 <P<0 05 <0-001 <0 001
Prindolol 0-30 6-15 0-16 0-36

<0.001
Propranolol 5-05 0-61 0-14

<0-001
Placebo 7-43 6-16

<0-001 <0-001
Alprenolol 0-54

(b) Diastolic B.P.
Placebo 3 97 10-5 5-92 0-25 8-05 5-88

<0-001 <0-001 <0-001 <0-001 <0-001
Prindolol 0-58 9-28 1-46 1-34

<0.001
Propranolol 7-90 0-27 2-06

<0 001 0.05<P<0 1
Placebo 12-12 7-86

<0-001 <0-001
Alprenolol 2-64

0-01 <P<0.05
(c) Pulse Rate

Placebo 0-48 5-10 8-46 0-16 6-03 6-74
<0.001 <0.001 <0-001 <0.001

Prindolol 3-30 5-77 1-28 2-70
<0.005 <0001 0.01 <P<005

Propranolol 7-11 3-76 0-17
<0.001 <0-005

Placebo 6-18 6-22
<0-001 <0-001

Alprenolol 2-34
0.01 <P<0-05
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Blocking drugs in hypertension 257

be noted that in some patients better control ap-
peared to be achieved with one drug than others
(patients 10, 12, 13 and 20).
The pulse rate in patients on beta adrenergic

blocking drugs fell below the control values but the
depression was greatest with propranolol and
timolol. The pulse rates on these last two drugs were
similar and the pulse rate on prindolol did not differ
from that on alprenolol.
The side effects in this group of patients are indi-

cated in Table 6. The incidence of dreams frequently
of a bizarre or nightmarish quality was high when
the patients were specifically questioned. These
appeared to be most frequent and severe in patients
taking prindolol. However, they also occurred during
treatment with the other beta adrenergic blocking
drugs, though they were least frequent on timolol.
Three patients developed bronchospasm while on
propranolol and timolol, but the same patients were
free of this while taking prindolol or alprenolol.
The incidence of tingling, cold extremities and

cramp was low. Two patients taking propranolol
developed symptoms suggestive of vertebro-basilar
insufficiency unrelated to hypotension. These symp-
toms were not present when taking the other anti-
hypertensive drugs when the blood pressure was at
the same or lower levels. Certain positive features of
this table are worthy of comment. Headaches and
angina disappeared when beta adrenergic blocking
drugs were started and reappeared when a placebo
was substituted.

Effects of changing beta blocking drug in resistant
patients

Patients resistant to one beta adrenergic blocking
drug were, in general, resistant to the others even

when used for a prolonged time (Table 7). An
occasional patient resistant to propranolol responded
to prindolol (patients 30 and 32), and other minor
differences in response were noted (patients 29 and
34). In three patients (Table 8), prindolol was
ceased due to severe incapacitating side effects; the
blood pressure response had been good in one of
these and propranolol was able to be used success-
fully. In the other two, propranolol was able to be
used without side effects but did not successfully
lower the blood pressure. Likewise in two patients
propranolol had to be ceased because of broncho-
spasm and prindolol was able to be used without
this effect (Table 8).
Discussion
The results presented in this study indicate that

each of the four beta adrenergic receptor blocking
drugs produced a significant fall in blood pressure in
approximately 65% of patients with moderate to
severe hypertension. This fall occurred promptly
and was usually present within 2 weeks; likewise
when the beta adrenergic blocking drugs were ceased
the blood pressure rapidly returned to its pre-treat-
ment level. This contrasts with the slower onset of
the antihypertensive effect reported by Prichard and
Giltam (1969), but is similar to the findings of Waal-
Manning (1970). While we found a significant hypo-
tensive effect with the beta adrenergic blocking drugs,
it should be emphasized that approximately 35%
of hypertensive patients did not respond even if
high doses were given for a prolonged period.
Although all four beta adrenergic receptor anta-

gonists used in this study were structurally related to
isoprenaline (Fig. 1), the different ring substituents
produce considerable changes in beta receptor

TABLE 6. Side effects in patients while on beta adrenergic blocking drugs
Patient

no. Control Placebo Prindolol Propranolol Placebo Alprenolol Timolol

I B++ B++
5 Headaches Headaches D+ + D+ Headaches

angina angina Tingling
6 Headaches Headaches D+ + D + D+ D+ +- Depressed
7 Cramp
8 Headaches Headaches D+ + D+ + D+ +

Tingling Tingling Tingling
9 D+ D+ D+++ D++ D+ D++
10 D+++ D++
11 Unwell Unwell B+ Unwell B+
13 Cramps VBI Cramps
14 D+ D+ D++ D+
15 Insomnia Insomnia VBI
16 D--++ B+ D+ + B+
17 D+ D+
19 Angina Angina D+ D+ Angina D+ D+

The patients not listed had no side effects. D +, frequent dreams; D+ +, frequent bizarre dreams;
D + ++, nightmares; B+, bronchospasm; B+ +, severe bronchospasm; VBI, symptoms of
vertebro-basilar insufficiency.

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.50.583.253 on 1 M

ay 1974. D
ow

nloaded from
 

http://pmj.bmj.com/


258 T. O. Morgan et al.

TABLE 7. Use of beta adrenergic blocking drugs in patients resistant to one or other drug
Control Prindolol Propranolol Alprenolol Timolol

Patient
no. S D S D S D S D S D

21 240 120 200 120 (60)* 190 140 (480) 190 130 (600)
22 250 140 190 130 (80)* 190 130 (480)
23 200 150 200 140 (80)* 200 140 (480) 190 140 (600)
24 240 150 190 130 (80)* 240 150 (480) 220 135 (600)
25 190 140 180 125 (60)* 190 135 (480)
26 205 145 195 135 (80)* 200 140 (480)
27 190 115 190 115 (60)* 185 115 (480) 185 110 (900)
28 190 130 190 140 (30)* 200 135 (300)
29 200 140 190 125 (80)* 160 105 (600)
30 190 120 130 85 (60) 190 115 (480)*
31 185 105 170 105 (30) 180 100 (240)* 170 105 (600)
32 205 145 165 110 (60) 195 135 (360)*
33 170 115 170 110 (60) 165 105 (240)* 170 110 (600)
34 180 110 190 110 (30)* 170 95 (80)
35 200 140 190 140 (600)* 170 130 (15)
36 185 115 180 110 (30) 190 120 (600) 185 110 (30)*
37 190 110 185 105 (400) 180 110 (45)*
38 200 120 180 115 (45) 190 120 (400) 190 125 (45)*

S, systolic B.P. (mmHg); D, diastolic B.P. (mmHg); * first beta adrenergic blocking drugused
and said to be resistant; daily dose of drug indicated in brackets.

TABLE 8. Substitution of prindolol for propranolol or vice versa due to severe
side effects

Control Prindolol Propranolol

PatientB.P. B.P. B.P.Patient
- Side effects Side effectsno. S D S D S D

39 200 120 180 100 Hallucinations 170 95 Nil
27 190 115 190 115 Depression 185 115 Nil
22 250 140 190 130 Abnormal 190 130 Nil

movements
1 170 130 140 95 Nil 140 95 Bronchospasm

26 205 145 195 135 Nil 200 140 Bronchospasm
S, systolic blood pressure (mmHg); D diastolic blood pressure (mmHg).

blocking potency. In all patients the dose of beta
adrenergic blocking drug needed to produce a fall in
blood pressure was much larger than the beta
blocking dose. However, the ratio of the dosage
needed to produce an antihypertensive effect was
similar to the relative beta adrenergic blocking
potency of the four drugs. While the falls in blood
pressure may be in part due to depression of cardiac
output, the high incidence of central nervous
system side effects and the relative lack of postural
hypotension with these drugs suggest that an action
on central vasometer centres may also be important
(Morgan et al., 1972). If these drugs do indeed
reduce blood pressure by an action at a central site,
then the variation in dose required for different
drugs may reflect the ease with which these substances
enter the brain. The differing incidence of central
nervous system side effects supports this suggestion.

In the double-blind crossover studies no one

drug appeared to have particular superiority. In-
dividual patients occasionally responded better to
one or other drug although there were no statistically
significant differences in the effects of the various
agents. In general, if a patient had a good response
with one drug this also occurred with the other
three. There was no difference in the magnitude of
the antihypertensive action but propranolol and
timolol reduced the pulse rate more than alprenolol
or prindolol.

In patients resistant to one beta blocking drug
changing to another did not help in controlling the
patient's blood pressure. This also suggests that the
drugs are acting in a similar fashion despite dif-
ferences in structure and potency. It is of interest to
speculate that the reason one group of patients do
not respond is that they may be an aetiological
subgroup of essential hypertension. Failure to
respond may also have been due to failure to take
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Blocking drugs in hypertension 259

tablets or differences in absorption, however, this
could not have been the case in all patients as some
patients developed severe side effects which dis-
appeared with placebo, but showed no change in
blood pressure.

Serious side effects were not often volunteered by
patients. However, when questioned systematically,
multiple symptoms related to the nervous system
were reported. Disturbances of sleep were common
and in certain instances there were bizarre night-
marish dreams. In four patients hallucinations caused
the drug to be stopped. These disturbances were
most common with prindolol and alprenolol and
were less frequent and less severe with propranolol
and timolol. Propranolol and timolol caused
bronchospasm in three patients in the controlled
trial, but in this small group of patients this was not
observed when prindolol or alprenolol were used.
Certain patients noted a feeling of euphoria when
given he beta adrenergic blocking agents. This was
undoubtedly due in part to relief of angina and dis-
appearance of headaches, but it may also have been
a specific action of the drugs on the central nervous
system.
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