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Penbutolol in hypertension, alone and In
combination with furosemide
A long-term multicentre study
E. VANDER ELST, J. LAWRENCE, M. ROSSNER, H. MERTENS

Summary
Penbutolol is a new, potent and long-acting. noncardioselective B-adrenergic blocker which has been
evaluated in a 6-month open study of patients with
moderate essential or renal hypertension. Eightytwo patients entered the study and 69 completed at
least 3 months of treatment. Two-thirds of these
showed a good response to penbutolol given alone
as a single daily dose of either 40 mg or 80 mg. The
major reduction in blood pressure occurred within
the first 2 weeks of active therapy. This response
was maintained for· the entire study period. Blood
pressure reduction after penbutolol did not correlate with the small reduction in heart rate observed.
The remaining patients were treated with a combination of penbutolol and furosemide and most had
achieved satisfactory control of their blood pressure by the end of the study.
Penbutolol was well tolerated and produced no
serious adverse effects. Some patients developed
gastro-intestinal side-effects at the beginning of
treatment which subsequently resolved. One patient
with chronic glomerulonephritis showed a marked
deterioration in renal function during the study.
This may well have been related to disease progression. No other significant changes in biochemical or
haematological parameters were observed.
S AIr Med J 1983; 63: 14:>-147.

Penbutolol (l-tertbutylamino-3-(o-cyclopentylphenoxy)2-propanol) is a non-cardioselective is-adrenergic receptor blocker
with partial agonist activity .1,2 Clinically it is approximately four
times as potent as propranolol, but has a longer duration of
action. 3 ' s Penbutolol has been shown to be an effective antianginal and antihypertensive agent,s,s and there appears to be no
loss of efficacy when the drug is administered as a single daily
dose. 9 '1 2 A preliminary review of its pharmacological propertie's
and therapeutic efficacy in hypertension and angina pectoris was
published .recently .13
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This report describes a study in which the long-term efficacy
and tolerability of penbutolol alone and in combination with
furosemide in patients with moderate hypertension were evaluated.

Patients and methods
The study was an open multicentre evaluation conducted by 8
investigators. Ambulatory patients of either sex, aged between
25 and 65 years, with moderate essential or renal hypertension
were eligible for entry to the study.
Exclusion criteria were cardiac decompensation, valvular
heart disease, chronic obstructive airways disease, diabetes mel-'
litus, atrioventricular block, bradycardia (heart rate:::; 60/min)
and concomitant vasodilator or tricyclic antidepressant therapy.
All patients gave informed consent to participation in the study.
The study commenced with a placebo run-in period lasting 2
or 3 weeks during which time each patient received I placebo
capsule (matching the penbutolol capsule in size, shape and
colour) each morning. Subsequently, active treatment comprised penbutolol40 mg given once daily. Dose adjustments or
the addition of furosemide were made according to patients'
response to treatment after fortnightly intervals. The dosage
scheme is shown in Table I.

TABLE I. SEQUENCE OF DOSE INCREMENTS
1.
2.
3.
4.
5.
.6.

Placebo once a day
Penbutolol 40 mg once a day
Penbutolol 80 mg once a day
Penbutolol 80 mg + furosemide 20 mg once a day
Penbutolol 80 mg + furosemide 40 mg once a day
Penbutolol 80 mg + furosemide 40 mg a.m. + penbutolol
40mg p.m.

Patients were seen at the beginning and end of the placebo
run-in period, at formightly intervals for the first month of active
treatment, and subsequently monthly for a further 5 months. At
each visit blood .pressure and heart rate were recorded supine
(after 5-10 minutes lying down), erect (after 1-2 minutes standing), and in most of the patients after exercise (which was
standardized for individual patients). A check-list of adverse
effects was also completed each time.
At the beginning of active treatment blood was taken for
haematological and biochemical investigation. Ophthalmological examination was carried out, as was routine urinalysis. All of
these investigations were repeated at the end of the 6-month
treatment period.

Results
Of the 82 patients admitted to the study 13 did not complete at
least 3 months' treatment. The characteristics of the remaining
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TABLE 11. CHARACTERISTICS OF PATIENTS STUDIED
No.
Age (yrs)
Mean ± SO
<30
30-45
46-60
>60
Body weight (kg)
Mean ± SO
Range
Essential hypertension
Renal involvement
Retinopathy
Grade I
Grade 11
Grade Ill/IV
Serum creatinine (mg/dl)
Mean ±SO
Range
Baseline diastolic BP (mmHg)
(standing)
Mean ± SO
< 100
100 - 109
110 - 119
> 119

Male
25

Female
44

51,0 ± 10,2

46,1 ± 10,3
4
11

o
6
14
5
76,0 ± 12,7
59 - 100

28
1

3

66,S ± 11,9
43- 97
41
3

16
7
2

12
4

1,02 ± 0,29
0,5 - 2,0

1,01 ± 0,67
0,6 - 4,9

± 12,9

109,2 ± 13,3
8
10
15
11

22

110,3

2
4
13
6

28

Alterations in blood pressure are commonly expressed as
mean readings during therapy (Fig. 1). Such a method has the
advantage of showing clearly the time profiles of changes resulting from therapy, but its potential disadvantage is possible concealment of interindividual variability in response to therapy.
Patients receiving penbutolol alone had a lower baseline blood
pressure (mean ± SD 173,3 ± 22,4/107,3 ± 11,9 mmHg) at the
end of the placebo run-in period compared with patients subsequently requiring a diuretic (188,9± 26,3/111,4 ± l4,4mmHg).
Penbutolol alone was associated with a fall in mean blood pressure overthe first 2 weeks oftherapy to 148,2 ± 16,8/91,7 ± 1l,0
mmHg (P < 0,01), but much less change occurred thereafter
(final mean blood pressure 136,1 ± 12,7/86,7 :f 8,3 mmHg).
Patients ultimately requiring a diuretic, as well as beiiJ,g more
hypertensive at the onset, showed a much smaller reduction in
blood pressure on penbutolol alone, with a mean fall, c~mpared
with placebo, of 9,113,0 mmHg on 40 mg of the drug and a
, further small drop (3,2/5,3 mmHg) when this dose was doubled.
The addition of furosemide produced an additional mean fall of
11,7/9,3 mmHg. Increasing the dose of furosemide to 40 mg or
that of penbutolol above 80 mg produced little additional effect.
The final mean blood pressure on combined therapy was 157,3 ±
19,4/90,9 ± 10,0 mmHg at 6 months.
A picture of the pattern of response is given by the frequency
histograms in Fig. 2. These data have been analysed statistically,
using a 2 x k contingency test. The clear leftward shift for both
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69 patients are shown in Table II. The majority of patients (63)
were diagnosed as having essential hypertension, and 6 patients
had hypertension associated with renal disease.

Blood pressure
To avoid excessive duplication, only the results of the supine
blood pressure and pulse readings will be referred to in detail.
Conclusions based on measurements with the patient supine can
readily be extrapolated to the other observations made in the
erect position and after exercise because excellent correlation
coefficients (P < 0,(01) werefound for all comparisons (supine v.
erect and supine v. exercise).

SYST BP
(21)

,,

-L

..

Withdrawals
Of the 13 patients who were not included in the analysis, 7
stopped coming to the clinic for reasons unknown. Six of these
had been receiving penbutolol 40 mg daily for 1-2 months but
there was no indication of any particular problem with it. Similarly, the 7th patient had been taking penbutolol80 mg and again
had appeared to tolerate it well.
One patient stopped the treatment (after 10 weeks on penbutolol 40 mg) because she was 'feeling better' and subsequently
her blood pressure was noted to be 130/80 mmHg. Two patients
were withdrawn because of lack of response on the highest dose
of penbutolol (120 mg) plus furosemide (40 mg) (one after 2
months' treatment and the other after 3 months).
Three patients withdrew because of unwanted effects, 1 after
only 1 week on penbutolo140 mg because of nausea and dyspepsia. Another discontinued treatment for no apparent reason after
3 months (on 80 mg penbutolol), having experienced two anginal
attacks; and the third also stopped taking the capsules (after 1
month on penbutolol 80 mg plus furosemide 20 mg) and then
developed symptoms of dizziness, sweating and depression. This
last patient appears to have suffered withdrawal effects on discontinuing B-blocker therapy abruptly.
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Fig. 1. Influence of addition of furosemide (Lasix) to penbutolol
treatment and doses of the two drugs.
SYSTOlIC B.P.ISUPINE)

N

OIASTOllC B.P. (SUPINE)

N

BEFORE
PENBUTOLOL

30

30

20

20

10

10

BEFORE
PENBUTOLOL

0
30

2 WEEKS
PENBUTOLOL
THERAPY

20
10

30

2 WEEKS
PENBUTOLOL
THERAPY

20
10

0
30

3 MONTHS
PENBUTOLOL
THERAPY

20

30

3 MONTHS
PENBUTOLOL
THERAPY

20
10

10

0

0
30

6 MONTHS
PENBUTOLOL
THERAPY

20

30

10

6 MONTHS
PENBUTOLOL
THERAPY

20
10

0
0

0>

V

9

N

0>
~

§l

~ ~

~

~

0>

N
N

i2 ~ 9
N

g;
A

mm He

:E
V

:il

~

0>
0

0>

:iJ g g 9

~

~

~

g

0>
M

mm Hg

A

Fig. 2. Frequency histograms showing therapeutic response to
penbutolol.
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systolic and diastolic pressure (note: the class interval for systolic
pressure is 20 mmHg and that for diastolic pressure 10 mmHg) at
2 weeks is attributable to 40 mg of penbutolol alone. What is
more impressive in practical terms is the consistent leftward
trend apparent at 6 months. '.X'hile this result has been produced
by combined therapy, these figures represent the high yield in
terms of responsiveness to be expected from a simple step-Wise
combined therapy approach such as used here.
A further global assessment of efficacy of the different treatment regimens was obtained by differentiating 'responders' and
'non-responders'. Defined as 'responders' were those patients
showing a reduction in blood pressure of> 10% of the baseline
value (final placebo visit) Gnd/or those who achieved a blood
pressure of < 155/95 mmHg. These results (Figs 3 and 4) show
that about 60% (systolic pressure), or 40% (diastolic pressure) of
patients exhibited a good response to treatment with penbutolol
40 mg alone. \X hen the penbutolol dose was doubled and again
when furosemide 20 mg was added to 80 mg penbutolol, an
additional gain in the responder frequency was observed. Only
very few patients benefited from a further increase of penbutolol
to 120 mg daily or a higher concomitant dose of furosemide.

60

Heart rate
The frequency histograms for the supine heart rate are shown
in Fig. 5. As expected, there was a significant reduction in heart
rate at 2 weeks after the start of therapy bur little change thereafter. When changes in blood pressure were plotted against
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Fig. 3. Percentages of 'responders' and 'non-responders' at each
visit (supine systolic blood pressure).
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Fig. 4. Percentages of 'responders' and 'non-responders' at each
visit (supine diastolic blood pressure).
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Fig. 5. Frequency distribution of the heart rate (supine) before
and during treatment with penbutolol.
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changes in heart rate, no significant correlations emerged (correlation coefficient for change in systolic pressure v. alrerarion in
heart rare r = 0,29; corresponding figure for diastolic pressure
r = 0,06).

gasrro-imestinal complainrs (in 8 parients) - norably nausea and
abdominal cramps.
In several cases this was clearly an initiation effect and the
symproms disappeared as treatment was conrinued; in others the
symproms resolved when the medication was taken with food.
There was no relationship with the dose.

Adverse effects
A number of symproms which are known ro be associared with
rrearment wirh R-blockers occurred during the course of rhe
srudy. One patienr developed signs of congesrive cardiac failure,
3 orhers complained of mild shortness of brearh (bur nor sufficient for rhem ro srop rrearment) and I developed paraesthesiae
in her fingers which persisred for some 3 monrhs bur subsequently resolved, alrhough rrearment wirh penburolol (plus furosemide) was conrinued.
A number of parients complained of vague symproms of dizziness, weakness, drowsiness and unsreadiness, bur in none was
rhis sufficiently severe for rhem to disconrinue rrearment. The
only apparenr adverse effecrs nor relared ro R-blockade were

Schirmer test
Most parienrs had a Schirmer resr ro measure rear production
ar the beginning of the study and at the end of the 6-monrh
period. Two patienrs in whom the pre-test was normal showed
evidence of hyposecretion at the end of the study. Neither of
these patienrs was symptomatic and both conrinued .on treatment. Three other patienrs had abnormal tests ar the end of the
study bur none of these had had a pre-test. In 2 of these patients
the test subsequently became normal, in one after a further 4
months (10th month) and in rhe other afrer a further 6 months
(12th month) of treatment with penburolol. It was not necessary

TABLE Ill. MEDIAN (25 - 75% QUANTILES) OF HAEMATOLOGICAL AND BIOCHEMICAL
FINDINGS IN PATIENTS BEFORE AND AFTER 3 - 6 MONTHS' TREATMENT WITH PENBUTOLOL
ALONE OR IN COMBINATION WITH FUROSEMIDE
No.

Before
treatment

After 3-6 months'
treatment

14,5
(13,5 - 15,6)
43
(40 - 46)
4,6
(4,4 - 5,0)
6,7
(5,5 - 8,2)
64
(58 - 70,5)
32
(27,5 - 37)
250
(218 - 320)
85
(76,5 - 94,5)
30,5
(25,5 - 37,5)
0,9
(0,8 - 1,1)
6,2
(5,2 - 6,9)
140
(138 - 143)
4,3
(4 - 4,8)
104
(101 - 106)
146,5
(110 - 184)
7,2
(7,0 - 7,6)
255
(232 - 300)
14
(10 - 20)

14,3
(13,5 - 14,9)
43
(40 - 45)
4,7
(4!6 - 4,9)
6,4
(5,5 - 7,7)
60
(56 - 66)
34
(29,5 - 39,5)
279
(225 - 313)
84,5
(76 - 96)
34,0
(28,0 - 40,0)
0,9
(0,8 - 1,0)
6,2
(5,2 - 6,8)
140
(138-142)
4,4
(4 - 4,7)
104,5
(102 - 107)
149
(123-190)
7,2
(6,8 - 7,4)
264
(230 - 294)
13
(10-16)
14
(12 - 19)
112
(81 - 131)

Haemoglobin (g/dl)

66

Haematocrit (%)

66

RBC (x10 6/pl)

56

WBC (x10 3 /pl)

67

Neutrophils (%)

64

Lymphocytes (%)

64

Thrombocytes (%)

61

Glucose (mg/dl)

60

Urea (mg/dl)

52

Creatinine (mg/d1)

67

Uric acid (mg/dl)

65

Sodium (nmol/I)

67

Potassium (nmol/I)

67

Chloride (nmol/I)

66

Triglyceride (mg/dl)

66

Protein (g/dl)

61

Cholesterol (mg/dl)

67

SGOT (mU/nl)

61

SGPT (mU/nl)

61

17

49

(11 - 22)
111
(76 - 140)

Alkaline phosphatase
(mU/nl)
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ro discontinue treatment in any patient and there were no complaints attributable ro the study drug.

Haematological and biochemical findings
Table III gives the median (25-75% quantiles) of the laborarory measurements before and at the end of the 3 - 6-month
period. No clinically relevant change in any of the haemarological values were observed. One patient with chronic glomerulonephritis demonstrated a marked deterioration in renal function
during the 6-month treatment period (pretreatment levels: urea
49 mg/dl, creatinine 2,0 mg/dl; post-treatment levels: urea 96
mg/dl, creatinine 3,2 mg/dl). Marked proteinuria persisted
throughout the trial in spite of a reduction in blood pressure so it
seems likely that this rise in urea reflected progress of the underlying disease. Otherwise there were no changes in the biochemical values of any clinical significance. Similarly, urinalysis
revealed no relevant abnormalities attributable ro the treatment.

Discussion
The results of this study confirm other published reports of the
efficacy of penburolol in moderate hypertension when administered as a single daily dose. No long-term trials have been
published previously. Our results show that 60 - 70% of an
unselected group of patients with moderate essential or renal
hypertension will respond adequately ro treatment with penbutolol alone. In these patients the most marked reduction in blood
pressure was seen within the first 2 weeks of treatment and this
effect was then maintained for the several months of the study.
Some patients experienced gastro-intestinal side-effects at the
beginning ofrreatment. These were not severe and subsequently
resolved while the drug was continued. Similar side-effects have
been noted in a previous study with penburolol'2 and may be
avoided by administering penburolol with food.
The addition of furosemide in the more severely hypertensive
patients who showed a poor response ro penburolol alone produced an additional hypotensive effect. No adverse reactions ro
the combination were seen. The combined use of penburolol and
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furosemide has been studied previously in a double-blind controlled studY and was shown ro re ult in lower doses of each
component -for a similar or better antihypertensive effect.
(Vander Elst el al. - Hoechst internal report). Furosemide has
also been shown ro be as effective as hydrochlorothiazide in
enhancing the hypotensive effects of propranolol. Penburolol
therefore appears ro be effective and well rolerated in the
long-term treatment of hypertension. Its combination
with small doses of furosemide in the more serious cases
re ults in a clinically relevant additional antihypertensive effect
\\·ith excellent rolerance.
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News and Comment/Nuus en Kommentaar
Vidarabine therapy and herpes zoster
Herpes zoster, a common infection in immunocompromised
patients, can threaten life. In consequence, such infeerions have
become targets for experimental antiviral trials, as we recently
pointed out in an editorial on acyclovir (S Afr Med] 1982; 62:
631). Another antiviral agent, vidarabine, has also attracted
considerable interest in the prevention of these infections.
The latest study, by Whitley er al. (N Engl] Med 1982; 307:
971), deals with 128 patients with herpes zoster of 72 hours'
duration or less, all of whom were in a state of
immunosuppression and had developed either localized or
disseminated herpes zoster. The patients were drawn from 18
collaborating centres; 121 patients had localized and 7
disseminated infeerion. In the former group, 63 patients received
vidarabine intravenously at a dose of 10 mg/kg body weight per
day over a period of 12 hours in concentrations not exceeding 0,5

mg/ml for 5 days; 58 patients received a placebo given
intravenously. Both groups were on cytotoxic chemotherapy.
The outcome showed (hat vidarabine therapy accelerates skin
healing in localized herpes zoster in immunocompromised
patients, irrespeerive of the severity of the disease or the way it
had been treated. Early therapy (less than 72 hours after onset)
can reduce (he systemic spread of the virus, as demonstrated by
the decrease in occurrence of both skin dissemination and
visceral disease. The authors also suggest that the pain is reduced
by therapy but that the latter does not prevent postherpetic
neuralgia, although it may diminish the severity and persistence
of the pain, especially in older patients. Toxicity due to
vidarabine therapy was limited to nausea, vomiting and a slight
rise in liver enzyme levels; these adverse reaerions subsided
spontaneously and did not require cessation of therapy.
However, (he author warn that the results of this study should
nor be extrapolated to the treatment of herpes zos(er in normal
subjects.

