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Synopsis: Hexoprenaline', N,N-{2-(] ,4 -dihydroxyphenyl)-2 -hydroxyethyl] hexamethyl
enediamine, sulphate is a selective ~2-adrenoreceptor agonist which is active in man as a 
bronchodilator by the oral or intravenous routes and by inhalation. I( is indicated for use in the 
treatment of bronchospasm associated with obstructive airways diseases, including asthma, 
bronchitis and emphysema. 

Clinical experience and double-blind studies have ,established that hexoprenaline is an 
effective bronchodilator. Its major advantage over many other brochodilators of equal ejJicacy 
is its generally low production of Side-effects, particularly tremor, palpitations, and tachycar
dia. In comparative trials, it has generally been rated as superior to orciprenaline or trimeto
quinol, but comparisons with salbutamol have provided equivocal results. Oral hexoprenaline 
was superior to fenoterol as long-term maintenance therapy in asthma, principally because its 
somewhat lesser bronchodilatory effects were more than compensated for by a lesser incidence 
of Side-effects. 

Pharmacodynamic Studies: Both in animals and humans, hexoprenaline is markedly 
longer in action than other catechol-containing ~2-agonists, such as isoprenaline and 
rimiterol. It protects asthmatic patients against bronchoconstriction induced by histamine, 
acetylcholine and allergens. Hexoprenaline is effective by inhalation and by the oral and in
travenous routes, and is similar to salbutamol in onset and duration of action. Significant 
effects on the cardiovascular system are seen after oral or inhaled doses, only at levels several 
fold greater than those required for significant bronchodilatation, though a pronounced in
crease in heart rate occurs a few minutes after intravenous administration, and a moderate in
crease may occur after repeated oral dosage. Hexoprenaline has been given to asthmatic 
patients with hypertension of all grades of severity, and to others with cardiac disease, by all 
three routes of administration without causing adverse cardiovascular effects. Like other 
sympathomimetic amines, hexoprenaline has a lipolytic and glycogenolytic effect, but this 
does not apparently interfere significantly with glucose utilisation in diabetic patients inhaling 
the drug or receiving it intravenously. In general, hexoprenaline does not affect blood-gas 
values or acid-base status, though one trial reported a significant hypoxemia following inhala-

I 'Ipradol' (Chemie Linz), 'Etosc:ol' (Byk Gulden). 
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tion of 400)1g hexoprenaline. Its inhibition of uterine activity, which reflects activity at ~2-
adrenoreceptors, in the absence of significant cardiovascular effects, may have therapeutic ap
plication in the suppression of labour contractions, at least by the intravenous route. 

Pharmacokinetics Studies with tritium-labelled hexoprenaline in rats have shown that it is 
rapidly absorbed after intratracheal or intramuscular administration, and is also absorbed 
from the intestine. Hexoprenaline undergoes only slow O-methylation compared with 
isoprenaline, but its long duration of action may also be due to .the initial 3-0-methyl 
metabolite being ~n effective bronchodilator. Excretion is mainly in the urine in the form of 
sulphates and glucuronides of the mono- and di-3-0-methyl derivatives, although unchanged 
hexoprenaline predominates initially. 

Therapeutic Trials: Single- and multiple-dose studies of oral hexoprenaline in asthmatic 
patients have shown the drug to have superior bronchodilator properties to placebo and tri
metoquinol, but to be not significantly different from orciprenaline. Direct, comparison sug
gests that hexoprenaline by metered aerosol is more selective than orciprenaline or 
salbutamol, producing less cardiac stimulation for a greater or similar degree of 
bronchodilatation. Inhaled solutions of hexoprenaline at concentrations of 0.025 % and I % 
are at least as effective as orciprenaline or isoprenaline 2 %, with fewer side-effects and a 
greater degree of bronchodilation. Intravenous hexoprenaline 5)18 was as effective as 
orciprenaline at 100 times this dose, and produced significantly fewer side-effects and a lesser 
degree of tachycardia. 

In long-term studies, patients have usually been treated initially, and particularly in severe 
or hospitalised cases, by intravenous hexoprenaline. Oral hexoprenaline has then been 
substituted for maintenance therapy, supplemented in many patients by inhaled drug from 
metered aerosols. The average long-term improvement in pulmonary function has been about 
20 to 25 %. In a I-year study, oral hexoprenaline was significantly better than fenoterol in 
terms of fewer side-effects, though fenoterol produced a greater degree of improvement in 
pulmonary function; hexoprenaline was particularly suitable in a sub-group of patients with 
cardiac disease, who experienced tachycardia, anginal pain and palpitations with fenoterol but 
not with hexoprenaline. Hexoprenaline alone is not recommended in status asthmaticus, by 
any route of administration, though it may be given intravenously together with 
aminophylline and corticosteroids for severe acute attacks of asthma. Subsequent mainte
nance therapy can then be carried out with oral and! or inhaled drug. 

Side-effects: There have been few reports of significant side-effects following the acute 
administration of hexoprenaline by inhalation, An initial transient mild tachycardia may·oc
casionallyoccur, which is usually not subjectively apparent to the patient. After intravenous 
injection, and sometimes after inhalation, a transient reddening of the skin may be observed 
in particularly sensitive vascular areas. Palpitations and skeletal muscle tremor have been ob
served after high or cumulative doses of oral or inhaled hexoprenaline over a short period of 
time, and occur in a dose-dependent manner following intravenous administration. Over
dosage may produce fine tremor, general unrest, dizziness, and perspiration but gastroin
testinal effects are rare. 

Contraindications and Precautions: There are no specific oontraindications to hexo
prenaline, though the same precautions as to its use apply as they do to other sym
pathomimetic substances. It should be used with caution in patients with thyrotoxicosis, 
hypertension, cadiac disease, diabetes mellitus, and renal or hepatic dysfunction, and in those 
who are hypersensitive to sympathomimetic drugs. 
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Dosage and Administration: Hexoprenaline can be given by metered aerosol in doses of 
200 to 400)lg, up to 5 times daily. Children may receive half the adult dose. Frequent repeti
tion of dosage should be avoided, in view of the long duration of action of inhaled hex
oprenaline. The drug is also available for inhalation as a 0.021% solution, for use in com
pressed air or ultrasound aerohalers. Dosage of the undiluted solution is I. to 20 breaths, 
several times daily, but inhalation may be continued for up to 10 minutes depending upon 
respiratory rate and quantity delivered by the inhaler. Hexoprenaline solution may also be 
used for damp inhalation with air-humidifying substances in a plastic tent. 

By the oral route, hexoprenaline should be given in doses of 0.5 to 1.0mg, 3 times daily, 
30 minutes before meals, though some patients may require up to 1.0mg 4 times daily. In
fants and babies should receive about 1/4 of the adult dose, preferably dissolved in milk, and 
older children about 112 of the adult dose. Symptoms of overdosage may only become ap
parent after several days of oral treatment, due to the prolonged action of the drug. Initial 
side-effects may subside with continuing treatment. 

The dose by the intravenous route is 5 to 10)lg, injected slowly over 2 minutes. Up to 15 
or 20)lg may be given during 24 hours, though some patients may require 30)lg. Infants and 
babies may receive I to 3)lg, I to 3 times daily, with older children receiving 3 to 4)lg, I to 3 
times daily. 

Hexoprenaline consists of two noradrenaline 
molecules joined through their amino groups by a 
hexamethylene chain (fig. 1). It is a selective ~2-

adrenoreceptor agonist, but unlike most other drugs 
of this type it retains the catechol moiety. This struc
ture is susceptible to degradation by catechol-O
methyl transferase, and some change in its nature is 
usually regarded as necessary in order to prolong the 
duration of action of ~2-agonists (Leifer and Wittig, 
1975). Nevertheless, hexoprenaline has a markedly 
longer duration of action than either isoprenaline or 
rimiterol, which also contain the catechol moiety. 

1. Pharmacodynamic Studies 

1.1 Animal Studies 

1.1.1 ~-Adrenoreceptor Selectivity 
A study of the effects of hexoprenaline on five isol

ated guinea-pig tissues, hexoprenaline clearly deline
ated between those tissues classified as containing ~2-
adrenoreceptors (trachea, hind limb blood vessels, 
uterus) and those classified as containing ~I

adrenoreceptors (atria and ileum). The potencies of 

hexoprenaline compared with isoprenaline (100) on 
trachea (219), hind limb (I 10) and uterus (76) were 
markedly higher than those on atria (3.3) and ileum 
(I .0). However, hexoprenaline differed from some ~2-
adrenoreceptor-selective bronchodilators (e.g. feno
teral and terbutaline) in being only two-fold less po
tent as a vasodilator than as a tracheal relaxant. Stor
mann and Turnheim (I973) found the ~I

adrenoreceptor activities of hexoprenaline (1/50), or
ciprenaline (I/87), and salbutamol (I/172) to be 
markedly less than that of isoprenaline on isolated 
guinea-pig atria. 

Hexoprenaline had a weak sympathomimetic ac
tion, which was less pronounced than that of 

~ ~ 

HO -0 CHOH· CH,' NH ICH,I,' NH· CH, CH~ -0- OH 

Fig. 1. Chemical structure of hexoprenaline. 
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isoprenaline and negligible compared with its effect 
on tracheal muscle, on isolated rat uterus and rabbit 
intestinal smooth muscle (Stormann and Turnheim, 
1973). 

Hexoprenaline (3Jlg/kg, iv) was much more effec
tive on peripheral vascular smooth muscle (~2-recep
tors) than on the heart (~I)' in anaesthetised open
chest dogs (see section 1.1.3). Salbutamol 
OJlg/kg/min for 10 minutes) exhibited the same 
selectivity as hexoprenaline but to a slightly lesser 
degree, while isoprenaline (0.75Jlg/kg/min for 10 
minutes) showed no selectivity (Turnheim and 
Kraupp, 1971). 

The relative potencies and durations of action of 
isoprenaline and hexoprenaline in decreasing the ten
sion and degree of fusion of incomplete tetanic con
tractions of the soleus muscle of anaesthetised cats 
were similar to those obtained when their effects on 
bronchi were compared (Stormann, 1970). Both pro
duced threshold effects at intravenous doses of 
O.oJ Jlg/kg, but the effects of hexoprenaline were 
markedly more prolonged. Since effects on the cat 
soleus are regarded as analogous to the muscle tremor 
that often occurs in man, these results suggest that 
hexoprenaline may produce tremor as a side-effect 
(see section 4). 

1.1.2 Bronchodilator Effects 
In general, the bronchodilator effect of hexo

prenaline in animals is similar in potency to that of 
isoprenaline though of longer duration, and hexo
prenaline is markedly more potent than either 
salbutamol or orciprenaline. 

Intravenous hexoprenaline (EDso, 0.062Jlg/kg) 
was equipotent with isoprenaline, and 8 and 32 times 
as potent as salbutamol (EDso, 0.5Jlg/kg) and 
oricprenaline (EDso, 2Jlg/kg) respectively, in sup
pressing bronchoconstriction induced in anaesthetised 
guinea-pigs by intravenous acetylcholine, histamine 
or 5-hydroxytryptamine (Stormann, 1970; Stormann 
and Turnheim, 1973). Hexoprenaline was effective 
for about 60 minutes, and afforded longer-lasting 
protection than isoprenaline or orciprenaline. 

5 

In conscious guinea-pigs with bronchospasm in
duced by histamine aerosol, I 00 % protection was 
provided for 5 hours by oral hexoprenaline 
(2.5mg/kg), for 2 to 3 hours by subcutaneous hex
oprenaline OOOJlg/kg), and for over 60 minutes by 
inhaled hexoprenaline (0.25 % aerosol). Dose-depen
dent effects occurred at lower dose levels, but oral 
hexoprenaline (I mg/kg) continued to provide greater 
than 50 % protection for 3 to 4 hours, subcutaneous 
hexoprenaline (20Jlg/kg) for over 2 hours, and in
haled hexoprenaline (0.1 % aerosol) for 30 to 60 
minutes (Stormann, 1970; Stormann and Turnheim, 
1973). Isoprenaline was significantly shorter in dura
tion by all routes of administration, when given in 
similar doses, and oral salbutamol provided greater 
than 50 % protection for only I to 2 hours. 

1.1.3 Cardiovascular and Circulatory Effects 
Significant effects of hexoprenaline on the car

diovascular system in animals are seen only after 
doses several fold greater than those causing signifi
cant bronchodilatation (Stormann, 1970; Stormann 
and Turnheim, 1973; Turnheim and Kraupp, 197 J). 

The cardiac effects of hexoprenaline are usually 
weaker than its peripheral vasodilating effects, but 
last for over 60 minutes and are more prolonged than 
those of isoprenaline or salbutamol. 

Tachycardia in anaesthetised dogs was signifi
cantly less after hexoprenaline (3Jlg/kg, iv) than 
following isoprenaline (0.7 5Jlg/kg/ min), despite the 
fact that hexoprenaline caused a significantly larger 
decrease in systemic blood pressure, indicating that 
the intrinsic positive chronotropic properties of hex
oprenaIine are less than those of isoprenaline. In
creases in pulmonary blood pressure and decreases in 
left atrial blood pressure were significantly less with 
hexoprenaline than isoprenaline, suggesting a weaker 
action of hexoprenaline on myocardial contractility. 
Salbutamol had similar effects to hexoprenaline on 
pulmonary blood pressure and heart rate, but had a 
weaker vasodepressor effect. None of the 3 drugs 
actively dilated pulmonary vessels but all increased 
pulmonary blood pressure because of the rise in car
diac output. The resulting increase in right ventricu-
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lar load was smallest with salbutamol and hexo
prenaline, which have weak chronotropic properties 
compared with isoprenaline. Increases in pulmonary 
blood flow were significantly less with hexOprtlOaline 
than with isoprenaline, but the reverse applied to 
femoral blood flow. PQ- and QT-intervals were 
lowered to a significantly greater extent by 
isoprenaline (I to 3)lg/kg, iv) than by similar doses of 
hexoprenaline, though the effects of hexoprenaline 
lasted longer. 

Hexoprenaline produced a dose-dependent fall in 
blood pressure in anaesthetised rats, averaging 30mm 
Hg after an intravenous dose of 15)lg/kg (Storm;;tnn 
and Turnheim, 1973). It was similar in potency to 
salbutamol, more potent than orciprenaline, -but less 
potent than isoprenaline. Blood pressure returned to 
normal within 10 to 15 minutes of injection of 
isoprenaline, orcipenaline, or salbutamol, but the 
hypotensive effects of hexoprenaline lasted for at least 
I hour. 

1.1.4 Metabolic Effects 
Sympathomimetic drugs in general increase 

lipolysis and glycogenolysis, though hexoprenaline 
does so only at high dose levels. 

In vitro studies showed that hexoprenaline and 
orciprenaline were approximately equipotent (effec
tive concentration, to- 5M) and about 100 times less 
active than isoprenaline in increasing the release of 
fatty acids from rat adipose tissue. Salbutamol was 
even -less active (Stormann, 1970; Stormann and 
Turnheim, 1973). 

In anaesthetised dogs, high doses (I O)lg/kg, iv) of 
hexoprenaline produced highly significant and 
prolonged (about 4 hours) increases in blood levels of 
free fatty acids, glucose and lactate, changes which 
were hardly significant at a dose of 3)lg/kg (Stor
mann, 1970; Stormann and Turnheim, 1973). 
These metabolic effec~ were almost completely 
prevented by pretreatment with propranolol 
0.5mg/kg. 

Isoprenaline, tested in conscious animals in a 
single dose of IO)lg/kg IV did not alter glucose and 
lactate levels at 30 minutes after injection, though its 
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generally short duration of action probably militated 
against detection of an effect at this time. 

Glycogenolysis and lactate formation in isolated 
rat skeletal muscle were stimulated to the same extent 
by hexoprenaline and isoprenaline, but only at con
centrations of to -7M (Stormann and Turnheim, 
1973). Hexoprenaline produced a dose-dependent 
decrease in the ability of prednisolone to increase the 
glycogen content of the liver in vivo. 

Hexoprenaline increased oxygen consumption in 
animals at doses which are effective for 
bronchodilatation. There was a significant ( + 160 %) 
and long-lasting (about 2 to 3 hours) increase in oxy
.gen consumption in conscious rats given sub
cutaneous hexoprenaline I 25)lg/kg, which is at the 
upper end of the range for effective bronchodilatation 
in guinea-pigs (see section 1.1.2) [Stormann and 
Turnheim, 1973]. 

1. J .5 Drug Interactions 
As a typical ~-adrenoreceptor agonist, the effects 

of hexoprenaline in animals are generally blocked by 
~-antagonists such as propranolol, and enhanced by 
methylxanthines such as theophylline (Stormann and 
Turnheim, 1973). 

J .1.6 Toxicological Studies 

Acute Toxicity 
LDso values for hexoprenaline in rats have been 

given as 75mg/kg (iv), 642.5mg/kg (po), 180mg/kg 
(sc), and I 37.7mg/kg (jp). The intravenous and oral 
LDso values in mice are 38.5mg/kg and 488mg/kg 
respectively (Chemie Linz, unpublished data). 

Chronic Toxicity 
During oral administration for 6 months of daily 

doses of hexoprenaline 10 to 100mg/kg, rats and 
dogs showed only a decrease in non-protein-bound 
thiol groups in the liver. There was an increase in 
heart weight at the higher dose levels, associated with 
increases in the size of myocardial fibres, isolated cell 
degeneration, and infiltration and proliferation of 
connective tissues. These changes are typical of ~-
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sympathomimetic drugs, and are about the same as 
those observed with isoprenaline at the same dose 
levels (Chemie Linz, unpublished data). 

After intensive inhalation treatment in guinea
pigs, with hexoprenaline aerosols at many times the 
human therapeutic dose levels for 3 weeks, there was 
no evidence for metaplasia in the mucosae of the 
respiratory tract. No pathological changes occurred in 
bronchi or lungs (Stockinger, 1970). 

Dysmorph%gy and Reproduction Studies 
A slight decrease in the fertility index was the only 

change from controls in rats given 5mg/kg hexo
prenaline orally between days 6 and IS of pregnancy. 
There were no embryotoxic or dysmorphogenic 
effects. In rabbits given oral daily doses of 500J.lg/kg 
between days 16 and 18 of pregnancy, there was an 
increase in the number of stillborn and a decrease in 
the weight of fetuses, as observed after other sym
pathomimetic drugs such as adrenaline and 
isoprenaline. Again there were no dysmorphogenic 
effects (Chemie Linz, unpublished data). 

1.2 Human Studies 

1.2.1 Bronchodilator Effects 
Hexoprenaline protects asthmatic patients against 

the bronchoconstriction produced by histamine, 
acetylcholine, and allergens. It is effective by inhala
tion and by the oral and intravenous (Kaik, personal 
communication) route of administration, and is com
parable with salbutamol in onset and duration of 
action. 

There was no significant difference between the 
protective effects provided by aerosols of hexo
prenaline (0.025 %) and orciprenaline (2 %) in 50 
asthmatic patients against histamine-induced 
bronchoconstriction. Both drugs completely reversed 
the histamine-induced increase (200 %) in airways 
resistance within 5 minutes, and continued to provide 
significant (though lesser) protection upon further 
histamine challenge at 4 hours (Schindl, 1970). In 
another study which also used body plethysmo-
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graphy, inhaled hexoprenaline solution (0.1 % for 3 
minutes; 100 to 300J.lg) protected asthmatic patients 
against bronchoconstriction induced by either 
acetylcholine or mould fungus (Oppolzer, 1970; Op
polzer et al., 1973). Its protective action was maximal 
within the first hour, decre?~ed to about 20 % after 
the second hour, and then gradually declined. Similar 
results followed administration of the same dose by 
metered aerosol. 

In the most comprehensive study, Benjamin 
(1972) compared the bronchodilator effects of five ~
adrenoreceptor agonists in asthmatic patients after 
histamine challenge. There was no significant 
difference in maximum PEFR changes induced by 
metered aerosol administration of hexoprenaline 
(200J.lg), orciprenaline (t ,500J.lg), or fenoterol 
(400J.lg), but all were superior to placebo and acted 
more rapidly and for a longer time than isoprenaline 
(2,000J.lg). The durations of action of hexoprenaline 
and salbutamol (200J.lg) were about 3 to 4 hours, and 
were shorter than those of orciprenaline or fenoterol 
(fIg. 2a). Similar results were obtained after oral ad
ministration (fig. 2b). Cardiovascular side-effects 
were insignificant for all five bronchodilators except 
isoprenaline, which significantly increased heart rate 
(see section 1.2.2). Most patients bad objective tremor 
on all the drugs, but only I patient complained of this 
side-effect. 

Benjamin (J 972) also gave repeated doses of 
histamine by inhalation to 5 asthmatic patients, who 
received single aerosol doses of several bronchodila
tors. Base-line values of PEFR, that is after the first 
histamine inhalation, were reached with isoprenaline 
at 65 minutes after 4 histamine inhalations, with hex
oprenaline and salbutamol at 95 and 100 minutes 
respectively after 6 challenges, and with orciprenaline 
at 110 minutes after 7 challenges. Fenoterol alone 
continued to provide significant protection after 8 
histamine challenges. All drugs were consistently 
superior to placebo. 

Aerosol preparations of hexoprenaline (400J.lg), 
salbutamol (200J.lg), terbutaline (500J.lg) and fenoterol 
(400J.lg) were compared in 16 asthmatic patients by 
Scbindl (t 976) [fig. 3]. There was no significant 
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difference in the effect of single doses of the drugs in 
reducing airways resistance measured by body
plethysmography at 10 minutes and at hourly inter
vals for up to 4 hours after inhalation. Histamine 
challenge (aerosol) revealed a trend for a shorter dura
tion of action for salbutamol at the dosage used. 

Dose-response studies with inhaled hexoprenaline 
solutions, using both the Bird respirator and the 
PARI aerosol apparatus, have established that the 

lowest effective concentration lies between 0.00 I and 
0.00001 %, corresponding to about 0.025 to 2.5J.1g 
when given for I minute (Schindl, 1970; Witek, 
1970, 197 I). However, within the dosage range of 
0.00 I and 0.5 %, the reduction in airways resistance 
was only 21 to 27 % of pretreatment values, though 
2 % hexoprenaline almost normalised airways con
ductance in most patients (Schindl, 1970). The 
response appeared to depend upon the total dose ab-
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Fig. 2. Mean percentage changes in peak expiratory flow rate (PEFR) in 6 asthmatic patients following histamine inhalation 
challenge. and after treatment with ~-adrenoreceptor agonists (a) by aerosol (2 puffs) and (b) as tablets (from Benjamin. 1972). 
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sorbed and not the concentration, for the bronchodila
tor effects of a 0.05 % solution given for I minute 
were identical to those of a 0.025 % solution given 
for 2 minutes (Witek, 1970, 1971). A satisfactory 
therapeutic concentration of hexoprenaline solu
tion, given by these aparati, appeared to be about 
0.025%. 

However, a study in 10 patients in whom the 
effects of hexoprenaline aerosol and solution on the 
mechanical behaviour of the lungs were measured 
(Colebatch, personal communication) suggests that a 
solution of 0.025 % is too weak for optimum effect. 
A dose of 0.2 to 0.25mg of hexoprenaline as solution 
had only a limited bronchodilator effect compared 
with O.4mg administered by metered aerosol. 

Hexoprenaline had no effect on blood-gas values 
or acid-base status in asthmatic patients given the 
drug intravenously (5J.lg; 0.07 to 0.14J.lg/kg) or by in
halation (100 to 300J.lg) [Coleman and Leary, 1973; 
Schindl, 1970; Van As et aI., 1973]. In contrast to 
some bronchodilators, particularly isoprenaline, hex
oprenaline did not induce any reduction in arterial ox
ygen tension, except for a very slight decrease in those 
patients who showed increased tension upon 
ergometric exercise (see also section 3.2.2). In 
patients showing a decrease in oxygen tension during 
work, however, hexoprenaline produced a marked 
increase towards normal values of saturation. 
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J .2.2 Cardiovascular Effects 
Inhaled or oral hexoprenaline does not signifi

cantly affect the cardiovascular system, though pro
nounced ~,-actions may follow intravenous adminis
tration. Hexoprenaline has been given safely to hyper
tensive patients by all three routes of administration. 

Hexoprenaline, 200 to 300J.lg by inhalation, was 
without effect upon the cardiovascular system in 5 
healthy volunteers (Coleman and Leary, 1973). In 
contrast, intravenous administration of hexoprenaline 
0.07J.lg/kg to the same subjects resulted in significant 
increases in heart rate (mean 17.6 beats/min) and 
cardiac output (I to 2 LI min), and a significant 
decrease in peripheral vascular resistance. An in
crease in heart-rate after 5 minutes (90 to 123.6pm) 
was also observed after intravenous administration 
by Kaik (personal communication). Stroke volume 
did not change significantly, and there were no 
changes in blood-gas or acid-base values. At double 
this dose, intravenous hexoprenaline caused a further 
increase in heart rate and cardiac output, while 
peripheral vascular resistance fell to 50 % of control 
values. There was no change in arterial oxygen level. 
The changes seen with hexoprenaline were similar to 
those after salbutamol at doses of I J.lg/kg and 3J.lg/kg 
respectively. 

In a study comparing the cardiovascular effects of 
five bronchodilators given by inhalation to 12 
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Fig. 3. Reduction in airways resistance in 17 asthmatic patients following single inhaled doses (2 puffs) of fenoterol (0.4mg). 
terbutaline (0.5mgl. salbutamol (0.2mg) and hexoprenaline (O.4mg). Based on data from Schindl (1976). 
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asthmatic patients, Benjamin (I 972a) found that only 
isoprenaline produced significant effects on heart rate 
(fig. 4). Hexoprenaline was without significant effects 
at a dose of 300}Jg, on either heart rate or blood pres
sure. Kiesewetter (t 970, 197 t) gave hexoprenaline 
I O}Jg intravenously to I 0 patients with obstructive 
emphysema, and observed no effect on heart rate or 
cardiac output. Peripheral vascular" resistance was, 
however, reduced significantly, and blood pressure to 
a lesser extent. Two emphysemic patients who also 
had symptoms of cardiac failure experienced cardiac 
arrhythmias after intravenous hexoprenaline. There 
were no cardiovascular changes of any type in 20 
patients with emphysema who received oral hex
oprenaline I mg daily for 2 to 3 weeks. 

It was originally suggested on the basis of case 
reports that hexoprenaline caused a marked increase 
in blood pressure in patients with severe hyperten
sion, that is with systolic pressure above 200mm Hg 

j 
III .s::; 
..5 .. --_. Fenoterol(600"g) 

--- Orciprenaline (2,250"g) 
-------- Hexoprenaline(300"g) 
... ...... ........ Isoprenaline (3,OOOpg) 
_._._.- Salbutamol (300"g) 
........... Placebo 

... 
---~;;."'.<~.~.-::::.:-.~.~.~ - ---- ---

- -.7:7 ..... ;-;:- .. ~~ 
o 10 "'2;; 30 40 50 60 
Minutes 

Fig. 4. Mean percentage changes in heart rate in 12 
asthmatic petients following administration of 3 puffs of five 
bronchodilators by aerosol. Similar insignificant changes in 
blood pressure occurred for all drugs except isoprenaline, 
which produced a significant increase (from Benjamin, 1972). 
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(see Deutsch et aI., 1970). However, in a study in
volving 31 hypertensive patients, 12 of whom had 
systolic blood pressures above 195mm Hg, in
travenous hexoprenaline 5}Jg produced only minimal 
changes in blood pressure, heart rate, and on the ECG 
(Lageder et ai., 1974). Inconsistent changes were ob
served in general, with hypotensive and hypertensive 
effects being seen in both moderately and severely hy
pertensive patients, and there was no significant 
difference between the two groups of hypertensive pa
tients. In a subsequent double-blind crossover trial in 
3 severely hypertensive patients, oral hexoprenaline 
0.5mg 3 times daily for 3 weeks was not significantly 
different from placebo in terms of cardiovascular 
effects. 

1.2.3 Actions at Other ~-Adrenoreceptors 
Hexoprenaline acts as an agonist at ~2-

adrenoreceptors other than those in bronchi, namely 
those in skeletal muscle and uterine muscle. The 
tremor caused by hexoprenaline is usually seen after 
intravenous administration, but may also follow in
halation or oral ingestion (see section 4). Inhibition of 
uterine activity by hexoprenaline may have 
therapeutic application in the suppression of labour 
contractions since it appears to be an effective uterine 
~2-agonist with little effect on cardiac ~I-receptors. 

De Villiers (t 975) found that intravenous hex
oprenaline was effective and safe in rapidly suppress
ing premature labour contractions in 6 patients, when 
given in an initial loading dose of 10}Jg followed by 
maintenance infusion for 24 hours. In most cases, 
further suppression of labour contractions could be 
maintained with oral hexoprenaline 0.5mg 4 times 
daily . 

The uterine and cardiovascular effects of hex
oprenaline have been compared with those of 
fenoterol, ritodrine, and salbutamol, given either as 
an intravenous bolus (Lipshitz et ai., 1976) or by in
fusion (Lipshitz and Baillie, 1976). The drugs were 
administered in doses having an equivalent inhibitory 
effect on oxytocin-induced labour to 28 patients un
dergoing elective induction. All the drugs were effec
tive by intravenous infusion over 20 minutes in 
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reducing uterine activity and the frequency and inten
sity of contractions by more than 70%, 40 % and 
SO% respectively. Hexoprenaline (0.38pg/min) was 
significantly more effective in suppressing uterine 
activity than either fenoterol (2.Spg/min) or 
salbutamol (J Opg/min), and its post-infusion effects 
lasted longer than those of fenoterol and salbutamol 
but less than those of ritodrine (3OOpg/min). In 
general, hexoprenaline had a significantly greater and 
longer-lasting effect than the other drugs on the inten
sity and frequency of contractions. All the drugs pro
duced a moderate tachycardia and a widening of the 
pulse pressure by raising the systolic and lowering the 
diastolic blood pressure. Hexoprenaline produced the 
lowest increase in heart rate (20 beats/ min), which 
was significantly less than with the other drugs, and 
the lowest increase in systolic blood pressure 
(J 3.7 mm Hg). The effect on fetal heart rate was 
slight, and there were no ill-effects in the neonates. 

Bolus administration (Lipshitz et aI., 1976) 
showed that the rise in maternal heart rate (30 
beats / min) was significantly less with hexoprenaline 
(7.Spg) than after fenoterol (SOpg), ritodrine (6mg) or 
salbutamol (200pg), which all produced increases 
exceeding SO beats/ minute. Differences in blood pres
sure changes were less significant, thQugh hex
oprenaline produced the lowest increase in systolic 
blood pressure. Uterine contractions were stopped for 
the longest time with hexoprenaline (12.94 minutes), 
which also had the least effect on the heart for an 
equivalent effect on the uterus. 

1.2.4 Metabolic Effects 
Like other sympathomimetic amines, and in con

frrmation of its effects in animals (see section 1.1.4), 
hexoprenaline has a lipolytic effect in humans and 
raises blood sugar levels. However, this effect seems 
unlikely to preclude its use in asthmatic patients who 
also have disturbances of glucose utilisation, such as 
diabetic patients. 

Following intravenous infusion over 4 minutes of 
I Opg hexoprenaline, there was a pronounced increase 
(40 to SO % increase) in free fatty acids in 10 normal 
subjects, the levels of which peaked at 20 minutes and 
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returned to normal within 60 minutes. Blood sugar 
values increased by only 13 % and there was no 
change in serum trigylcerides (Irsigler et aI., 1970, 
1971). This dose of hexoprenaline also resulted in 
pronounced impairment of glucose utilisation lasting 
about 30 minutes in S patients with maturity-onset 
diabetes, who were given an intravenous glucose load 
and who were not receiving insulin. However, in S 
other diabetics, some of whom were on insulin and 
some on oral antidiabetic agents, oral hexoprenaline 
O.Smg 3 times daily for several weeks had no effect 
on carbohydrate metabolism. In a comparison of the 
lipolytic effects of intravenous hexoprenaline (Spg) 
and orciprenaline (SOOpg) given in equivalent doses 
for bronchodilatation to I 0 subjects with borderline 
diabetes, the lipolytic effect of hexoprenaline was sig
nificantly less than that of orciprenaline. Only or
ciprenaline produced a significant impairment of 
glucose utilisation. Patients already receiving cor
ticosteroids appeared to respond to intravenous hex
oprenaline to a greater degree, in terms of increased 
blood sugar levels and a fall in serum potassium (Ben
jamin and Van As, 1972). 

Hexoprenaline 10pg intravenously over 10 
minutes produced a considerable increase in energy 
turnover during ergometric exercise in 7 obese 
patients, which was significantly greater than that in 
similarly-treated normal weight subjects (Schlick et 
aI., 1970). 

1.2.5 Effects on Blood Coagulation and 
Fibrinolysis 
Hexoprenaline does not affect blood coagulation 

and fibrinolysis after oral or intravenous administra
tion to normal subjects or to patients receiving anti
coagulant therapy. Fischer (I 970, 197 I) gave 
hexoprenaline by 10-minute intravenous infusion to 
6 patients with normal blood coagulation (S, 10 and 
ISpg) and to 2 patients during therapy with 
phenprocoumon, and also orally in doses of 1.Smg 
daily to 4 patients with normal coagulation and 2 
patients receiving heparin therapy. Though a heparin
neutralising effect was observed in vitro at a dose 
many times greater than the bronchodilatory dose, 
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hexoprenaline had no influence on the anticoagulant 
action of heparin in vivo. 

2. Pharmacokinetic Studies 

Studies with tritium-labelled hexoprenaline in rats 
have shown that it is rapidly absorbed after in
tratracheal or intramuscular administration, and is 
also absorbed from the intestine. Hexoprenaline 
undergoes only slow O-methylation compared with 
isoprenaline, but its long duration of action may also 
be due to the initial 3-0-methyl metabolite being an 
effective bronchodilator. Excretion is mainly in the 
urine in the form of sulphates and glucuronides of the 
mono- and di-3-0-methyl derivatives, although 
unchanged hexoprenaline predominates initially. 

2.1 Absorption 

Following intramuscular or intratracheal adminis
tration to rats of 3H-hexoprenaline, absorption was 
virtually complete and similar to that of intravenous 
hexoprenaline. The oral absorption rate was about I 
to 5 % of the dose. Radioactivity levels in the blood 
decreased rapidly after intravenous administration, 
falling to about 3 to 4 % of the dose at I hour, 0.3 % 
after 4 hours, and 0.05 % after 128 hours (Kamper et 
aI., 1973). 

2.2 Distribution 

The distribution of radioactivity in the tissues 
following intravenous administration of 3H-hex
oprenaline did not indicate that the drug was taken up 
into sympathetic nerve endings. The liver showed 
about 30 to 40 % ofthe administered radioactivity for 
up to 8 hours, with about I to 1.5 % after 128 hours. 
Kidney (20 % at 8 hours) and skeletal muscle (6 % at 
4 hours) also contained significant amounts, and 
there were lesser amounts in the brain and myocar
dium (0.1 % after 4 hours). In contrast to 
isoprenaline, hexoprenaline also showed a tendency to 
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accumulate in the lungs after intravenous or in
tramuscular administration (Kamper et ai., 1973). 
Hexoprenaline is also non-specifically adsorbed onto 
various surfaces, and its presence in the body, partic
ularly after intramuscular administration, can be 
detected for several weeks. 

2.3 Metabolism and Excretion 

Like other catecholamines, hexoprenaline is 
methylated in the 3-position and then excreted as con
jugates. In vitro incubation with catechol-O-methyl 
transferase produced both the mono-3-0-methyl 
derivative (methylation in one ring) and the di-3-0-
methyl derivative (methylation in both rings). The 
former retains bronchodilator activity, which is ab
sent from the dimethylated metabolite (Kamper et ai., 
1973). 

Following intravenous administration about 44 % 
of the dose was eliminated in the urine and 5 % in the 
faeces within 24 hours, with 54 % and 15.5 % 
respectively during 8 days. A total of about 10% was 
eliminated in the bile, including approximately 6 % 
within the first 8 hours. After oral dosage less than 
5 % appeared in the urine. Intra-tracheal dosage 
followed the elimination pattern of intramusuclar 
dosage, except that some of the radioactivity remained 
at the site of application (Kamper et al., 1973). 

After intravenous or intratracheal administration, 
initial urinary excretion consisted of free hex
oprenaline and both methylated metabolites, and as 
their respective sulphate or glucuronide conjugates. 
After 48 hours, however, only conjugated di-3-0-
methyl-hexoprenaline was detected in urine. After in
tramuscular administration, only the di-3-0-methyl
ated derivative was found in urine. The biliary 
metabolites usually consisted of conjugates of the 0-
methylated metabolites, and some reabsorption 
clearly occurs in view of the lower percentage of the 
dose found initially in the faeces than in the bile. 
Urinary excretion after oral dosage consisted entirely 
ofthe glucuronide derivative of the di-3-0-methylated 
metabolite (Kamper et ai., 1973). 
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3. Therapeutic Trials 

Clinical experience and double-blind studies in 
asthmatic patients have established that hex
oprenaline is an effective bronchodilator. It is active 
by inhalation, and by the oral and intravenous routes 
of administration. Comparative studies suggest that 
its selectivity for ~-adrenoreceptors depend upon the 
route of administration. 

3.1 Controlled Trials 

3.1.1 Oral Hexoprenaline 

Single-Dose Studies 
In a single-dose study in 13 chronic asthmatic 

patients, oral hexoprenaline 0.5mg was significantly 
superior to placebo in consistently decreasing airways 
resistance and intrathoracic gas volume (Ulmer and 
Baving, 1974). The decrease in airways resistance 
was significantly greater after hexoprenaline than 
after placebo at 30, 60, and 120 minutes, and its 
bronchodilatory effects lasted for about 3 hours. The 
maximum decrease in airways resistance was about 
33 % after I to 2 hours, associated with a reduction 
in intrathoracic gas volume of about 350ml (fig. 5). 
Heart rate increased by about 10 beats/min on hex
oprenaline in the first I to 2 hours after ingestion, 
with a slight increase in blood pressure (5 to 10mm 
Hg) and blood sugar (25mg %). 

Gomi et al. (1973) found no difference between 
the spirometric changes in 104 asthmatic patients 
who received single oral doses of hexoprenaline I to 
2mg or orciprenaline 10 to 20mg, but only hex
oprenaline was significantly superior to placebo. Hex
oprenaline was significantly better than orciprenaline 
in terms of reducing respiratory symptoms such as 
wheezing and sputum, and by the physician's overall 
evaluation of efficacy. The latter showed a good to 
excellent response in 23/34 patients on hex
oprenaline, 17/36 on orciprenaline and I 1/34 in the 
placebo group. However, hexoprenaline produced a 
significantly greater increase in heart rate, and, unlike 
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orciprenaline, it induced subjective palpitations in 
some patients. This finding is not in general agree
ment with most multi-dose comparisons of hex
oprenaline and orciprenaline. 

A significant amelioration of the exercise-induced 
fall in PEFR was provided by oral hexoprenaline I mg 
in 20 asthmatic patients (Anderson et aI., in press). 
All patients had experienced a fall of at least 20 % 
before hexoprenaline and after a placebo. In previous 
studies by the same investigators no consistent 
amelioration of exercise-induced asthma had been 
found in similar groups of patients treated with oral 
terbutaline (5mg), salbutamol (4mg) or theophylline 
(125 or 375mg). 
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Fig. 5. Changes in airways resistance and intrathoracic gas 
volume in 13 asthmatic patients following ingestion at 8am of 
O.5mg hexoprenaline or placebo (after Ulmer and Baving, 
1974). Significant differences are asterisked. 
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Mutiple-Dose Studies 
Other studies have measured pulmonary function 

in patients receiving daily doses of hexoprenaline. 
Olinsky and W olfsdorf (1972) found no significant 
difference by spirometry between the bronchodilator 
effects of hexoprenaline 0.25 to 0.5mg 3 or 4 times 
daily and orciprenaline 10 to 20mg 3 or 4 times daily, 
in 10 asthmatic children during a double-blind 
crossover trial in which each drug was given for 2 
weeks. Both drugs were efficacious, and neither pro
duced significant cardiostimulatory effects nor side
effects such as tremor and palpitations. 

Hexoprenaline I mg 4 times daily, orciprenaline 
10mg 4 times daily, and placebo were indistinguish
able over 7 days of treatment in 168 adult patients 
with bronchial asthma (Gomi et aI., 1973). 
Spirometric changes were similar and maximal after 
I hour, and a good to excellent clinical response was 
recorded in 32/55 patients on hexoprenaline, 22/58 
of the orciprenaline group, and 24/55 ofthose receiv
ing placebo. There was also no significant difference 
overall in side-effects, but more patients experienced 
palpitations (6) and digital tremor (5) on hexo
prenaline than on orciprenaline (1 of each). 

Hexoprenaline appeared to be superior to trimeto
quinol in many respects, in a 4-week trial in 104 
children and adults with chronic asthma (Shiota et aI., 
1974). Following a 2-week run-in period on orci
prenaline, only hexoprenaline (Img, 3 times daily) 
produced a further significant fall in asthma severity, 
and it was also significantly more effective than tri
metoquinol (3mg, 3 times daily) in patients with 
more severe grades of disease. FEV. and FVC im
proved significantly more over 4 weeks of treatment 
in the hexoprenaline group (by more than 20 % in 
41 % of patients, and by 10 to 20 % in a further 
40 %) than in those taking trimetoquinol (56 % ex
perienced less than I 0 % improvement), and this 
difference was especially evident after the first dose. 
However, there was no significant difference in the 
physician's overall assessment of efficacy, and 
respiratory symptoms such as cough, sputum and 
rale improved to the same degree on either drug. 
Heart rate was increased to a slightly lesser degree by 
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hexoprenaline than by trimetoquinol, and there were 
no significant changes in blood pressure and on the 
ECG. Palpitations and tremor occurred in 4 patients 
on hexoprenaline. 

3.1.2 Inhaled Hexoprenaline 

Metered aerosol 
Two controlled comparisons of hexoprenaline 

delivered by metered aerosol have given divergent 
results, though both established its superiority to 
placebo (Dubi et aI., 1974; Schindl, 1970) 

The results of Schindl (I 970) are the more reliable 
however, as the drugs studied were compared in the 
same patients in a single trial, whilst Dubi et al. 
(1974) compared the findings with those of earlier 
studies in different patients. Also, the two groups in 
the present study of Dubi et al. (1974) were not com
parable with regard to age and the severity of asthma. 
The seven patients in the hexoprenaline group were 
older and had more severe asthma than those in the 
placebo group. The extent to which the hexoprenaline 
group is comparable with the patients given 
isoprenaline, salbutamol or isoprenaline in previous 
studies by these investigators is not clear. 

In a double-blind trial (Schindl, 1970), hex
oprenaline was more selective than salbutamol, pro
ducing less cardiac stimulation for a greater degree of 
bronchodilatation. Hexoprenaline (400J.lg) was found 
to be significantly superior to orciprenaline (1500J.lg) 
or salbutamol (200J.lg), in terms of the mean decrease 
in airways resistance and it also produced a lesser 
mean increase in heart rate (ftg. 6). All drugs were 
significantly better than placebo as bronchodilators, 
but all drugs except hexoprenaline produced a signifi
cant increase in heart rate compared with placebo. 
Hexoprenaline produced a mean decrease in airways 
resistance in 80 patients of about 33.5 to 34.7 %, 
compared with the 20 % of orciprenaline and the 
27.9 % of salbutamol. 

In another double-blind trial (Dubi et aI., 1974), 
14 asthmatic patients received either placebo or hexo
prenaline (400J.lg) twice, 1 to 3 days apart, from ~ 
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pressurised aerosol. FEV, and FVC values increased 
significantly 30 minutes after I}exoprenaline inhala
tion compared with placebo. There was also a signifi
cant rise in pulse rate similar to that seen (by 
retrospective comparison with trials carried out by 
the same investigators with identical protocols) with 
orciprenaline but not with salbutamol in equieffective 
doses for bronchodilatation. Hexoprenaline did not 
affect blood pressure, minute volume, oxygen re
quirements or arterial pC02• Compared with placebo, 
and retrospectively with isoprenaline, salbutamol and 
orciprenaline, however, hexoprenaline caused signifi
cant hypoxemia (but see also sections 1.2.1; 4). 

Inhaled Solution 
Controlled trials with inhaled solutions of hex

oprenaline have generally provided better evidence for 
the efficacy of the drug than when it is delivered by 
pressurised aerosol. It appears to be at least as effec
tive as orciprenaline and salbutamol. 
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Fig. 7. Changes in FEV, in 16 elderly patients with chronic 
bronchitis a.nd emphysema after the inhalation of solutions of 

placebo (saline), hexoprenaline (250"g), orciprenaline (1,OOO"g), 
and salbutamol (1.ooo"g), on successive days (after Van As et 
aI., 1973). 

Increases in FEV I values in 16 elderly patients 
with chronic obstructive airways disease (bronchitis 
and emphysema) were similar following inhalation 
(from a pressurised respirator) of solutions of hex
oprenaline (250llg), orciprenaline (J OOOllg), or 
salbutamol (I ,000llg). All drugs were clearly superior 
to placebo in this group of patients with a relatively 
fixed degree of airways obstruction as compared with 
asthmatic subjects (fig. 7) [Van As et aI., 1973]. 

Hexoprenaline is indistinguishable from 
isoprenaline in terms of its peak bronchodilator 
effects, but seems to have a longer duration of action 
and to produce significantly less cardiac stimulation. 
In a double-blind trial in 39 patients suffering from 
bronchial asthma or chronic bronchitis, there was no 
significant difference between the bronchodilatory 
effects of I % isoprenaline solution and two con
centrations of hexoprenaline solution (0.025 and 
0.1 %), inhaled over 2 minutes (Titscher, 1972). All 
three aerosol preparations were equally effective in 
improving dyspnoea, but a significant increase in 
heart rate during the first three minutes after inhala
tion occurred only with isoprenaline. There were no 
side-effects with either hexoprenaline solution during 
27 inhalations in 19 patients, but I % isoprenaline 
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Table I. Comparison of the maximum degree of improve
ment in airways resistance in two groups of 50 asthmatic pa
tients following 10 inhalations of 0.025% hexoprenaline or 2% 
orciprenaline from the PARI aerosol apparatus (data from 
Witek, 1971). Airways resistance was measured by body 
plethysmography 

% Decrease in 
airways resistance 

< 10 
10-20 
20-25 
25-30 
30-35 
35-40 
40-50 
>50 

Percentage of patients 

0.25% hexo- 2% orci-
prenaline prenaline 

4 8 
18 12 
14 16 
18 18 
12 14 
18 8 
12 14 
4 10 

produced tremor, flush and sensations of heat in 7 
patients. 

Given by the PARI aerosol apparatus to 6 patients 
with chronic asthma, 10 inhalations of 1 % hexo
prenaline solution produced a significant 
bronchodilatation lasting for 2 to 3 hours (Witek, 
1971). Onset of maximum bronchodilatory effects 
was slower with hexoprenaline (15 to 30 minutes) 
than with isoprenaline 1 % (less than 15 minutes), 
but effects persisted longer with hexoprenaline. This 
is a rather high concentration of hexoprenaline (see 
section 6.1), but there was no significant difference 
between the bronchodilatory effects of the commer
cially available solution (0.025 %) and 2 % or
ciprenaline (Witek, 1971). Given as 10 inhalations 
from the PARI apparatus, the decrease in airways 
resitance, as measured by body plethysmography, 
was similar in 50 asthmatic patients who received 
0.025 % hexoprenaline and 50 others who received 
an identical administration of 2 % orciprenaline 
(table n. Side-effects in these trials were few with hex
oprenaline, though the I % solution produced a high
er degree of general restlessness, fine tremor and 
tachycardia, usually beginning within I 0 to 15 
minutes after inhalation and lasting for 2 to 3 hours. 
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Double-blind trials involving 193 asthmatic 
patients have established the superiority of 0.025 % 
hexoprenaline solution over placebo or 2 % or
ciprenaline, in terms of the maximum decrease in air
ways resistance measured by body plethysmography 
(table II) [Schindl, 1970]. Hexoprenaline was signifi
cantly more effective as a bronchodilator whether the 
drugs were inhaled by the Bird respirator (excess 
pressure respiration) or the conventional table aero
haler (PARI apparatus). Significant reductions in air
ways resistance were still evident 4 hours after in
halation of hexoprenaline. There were no subjective 
complaints in the hexoprenaline or placebo groups, 
but a few patients reported palpitations and tremor 
while receiving orciprenaline. Only orciprenaline pro
duced a significant increase in heart rate compared 
with placebo (see table II). 

Hexoprenaline is also effective by prolonged in
halation of very dilute solutions. Debelic (I 974) 
showed that the bronchodilatory effects of I 0 drops 
of 0.025 % hexoprenaline solution inhaled over 10 
minutes in 2ml distilled water were not significantly 
different from those of 2 % orciprenaline ad
ministered in the same way to 54 patients with 
chronic obstructive airways disease. Previous studies 
had already demonstrated the efficacy of even low 
concentrations of hexoprenaline compared with 
placebo (see section 1.2.1), the lowest effective con
centration being about 0.00 I % (Schindl, 1970). Both 
hexoprenaline and orciprenaline exerted a good 
bronchodilator effect lasting for about 4 hours. Pulse 
rate increased significantly more after orciprenaline 
than after hexoprenaline. Side-effects, particularly 
tremor and palpitations, occurred in 36 patients 
(67 %) on orciprenaline but in only 5 patients taking 
hexoprenaline. 

3.1.3 Intravenous Hexoprenaline 
Airways resistance fell by an average of 

1.53cmHzO/L/sec in 20 asthmatic patients follow
ing intravenous injection over I minute of 5Jlg hex
oprenaline in 2ml (Schindl, 1970). This highly sig
nificant decrease was accompanied by an insignificant 
increase (4.4 beats/ min) in pulse rate. However, most 
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Table II. Changes in airways resistance and heart rate in groups of asthmatic patients given placebo, hexoprenaline, or or
ciprenaline by two methods of inhalation during double-blind studies (data from Schindl, 1970). Airways resistance was measured 
by body plethysmography 

Treatment' Bird respirator PARI apparatus 
(20 inhalations) (15 inhalations) 

No. pts. Mean maximum No. pts. Mean maximum Mean in-
% reduction % reduction crease in 
in airways in airways heart rate 

Placebo 

Hexoprenaline (0.025 %) 

Orciprenaline (2 %) 

31 

28 

23 

resistance 

3 

25 

21 

resistance (beats/ 
min) 

48 8 2.18 

41 29 1.39 

22 15 5.69 

1 Differences between hexoprenaline and other treatments were statistically significant in each comparison, except that 
there was no difference between it and placebo for effects on heart rate. 

patients reported transient palpitations. In the same 
group of patients, orciprenaline 500)lg was somewhat 
more effective in reducing airways resistance (mean 
decrease 2.3cmH20/L/sec), but increased pulse rate 
by an average of 34 beatsl min. Throughout adminis
tration of orciprenaline, and for up to 20 minutes 
thereafter, the drug produced complaints of heavy 
palpitations and muscle tremor in all patients. 

3.2 Open Trials 

Oinical experience with hexoprenaline given for 
prolonged periods to large groups of patients with 
chronic obstructive airways disease has generally 
been good (Deutsch et aI., 1970; Dierel, 1971; Hartl, 
1972; Schrenier, 197 I). The drug has been effective 
in reducing airways resistance and dyspnoea in a 
variety of conditions, including asthma, bronchitis 
and emphysema. Side-effects have tended to be fewer 
than with many other bronchodilators, particularly in 
terms of tachycardia and palpitations. As with other 
~-agonist type bronchodilators, hexoprenaline does 
not appear to be very effective in the treatment of 

status asthmaticus, except in conjunction with in
travenous aminophylline and corticosteroids (see also 
Van As et al., 1973; section 3.3). 

Patients have usually been treated initially, and 
especially in severe or hospitalised cases, by in
travenous hexoprenaline 5 to 10)lg twice daily. Oral 
hexoprenaline has then been substituted in doses of 
0.5 to 1.0mg 3 times daily, supplemented in many 
cases by hexoprenaline from metered aerosols. On 
discharge, hospital patients have shown an average 
increase of about 20 to 25 % in vital capacity and 
FEV I' which has generally been maintained for 
several·months by oral and I or inhaled hexoprenaline. 
Initial bronchodilatory responses to intravenous, oral 
and inhaled drug have occurred within 5 to I 0 
minutes, about 30 minutes, and 15 to 30 min
utes respectively after administration, with dura
tions of action between 3 and 5 hours on each 
preparation. 

Children (Stur, 1970; Wilk, 1971) and the elderly 
(Titscher, 1971) have responded particularly well to 
oral hexoprenaline, usually following initial treat
ment with intravenous drug. All authors have 
emphasised the particularly good tolerance and wide 
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Fig. 8. Changes in airways resistance and pulse rate following oral administration of 0.5mg hexoprenaline in 41 asthmatic 

patients. 10 breaths of 0.01 'J6 hexoprenaline solution were subsequently inhaled after 4 hours (after Schindl. 1970). 

Fig. 9. Maintenance of decreased airways resistance (induced in a patient with bronchial asthma by inhaled hexoprenaline) 
with orally administered drug given every two hours (after Vermaak et al .• 1972). 



Hexoprenaline: A Review 

therapeutic range of hexoprenaline in these special 
groups of patients. 

3.2. J Oral Administration 
Following oral administration of a single 0.5mg 

dose of hexoprenaline to 41 asthmatic patients, air
ways resistance decreased by a maximum of 37 % 
after 60 minutes (Schindl, 1970). The onset of 
bronchodilator effects was slow, but bronchodi-

50 

40 

30 

"I. 10 

6 months 12 months 6 months 
Hexoprenaline Fenoterol 
(PEFRl (PEFR) 

D Hexoprenaline. 0.5mg qid (12 patients) 

19 

latation was still significantly evident after 2 to 3 
hours. 
A subsequent inhalation of 0.0 I % hexoprenaline (10 
breaths) showed that the decrease in airways resis
tance after oral administration was approximately 
equivalent to that after inhalation ·(fig. 7). Pulse rates 
in this study actually fell during oral hexoprenaline 
administration, to the maximum extent of 19 to 
46 %, due principally to the relaxation of overt ven-

12 months Hexoprenaline Fenoterol 
(Pulse rate. (Pulse rate. 
12 months) 12 months) 

• Hexoprenaline. 0.5mg qid. plus cortisone 4-15mg daily (10 patients) 

~ Hexoprenaline. O.Smg qid (8 asthmatics with concomitant cardiac disease) 

ETI Fenoterol. 2.Smg qid (12 patients) 

IIllIill Fenoterol. 2.Smg qid. plus cortisone (10 patients) 

~ Fanoterol. 2.Smg qid (10 asthmatics with concomitant cardiac disease) 

Fig. 10. Mean increases in PEFR and pulse rate over 6 and 12 months in 6 groups of asthmatic patients receiving therapy with 
oral hexoprenaline or fenoterol. All patients continued to receive bromhexine and antibiotics throughout the trial; patients on oral 

hexoprenaline or fenoterol also received. when needed. inhalations of hexoprenaline or fenoterol respectively. Pulse rate changes 
refer to the total population of 30 patients for hexoprenaline and 32 patients for fenoterol (data from Benjamin. 1974). 
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tilatory obstruction in patients with pre-existing 
tachycardia. 

Oral hexoprenaline in doses of O.5mg every 2 
hours was effective in maintaining the decrease in air
ways resistance induced by inhalation of the drug 
(Vermaak et aI., 1972). Normal diurnal variations in 
airways resistance were unaffected, but the overall 
reduction in resistance continued throughout hex
oprenaline administration (fIg. 9). In 8 asthmatic 
patients, an average reduction in airways resistance of 
36 % was maintained during administration of oral 
hexoprenaline. There was no increase in pulse rate as
sociated with regular oral administration in this 
short-term study. 

In a long-term study lasting one year, Benjamin 
(1974) treated 66 asthmatic patients with oral doses 
of cortisone, sodium cromoglycate, hexoprenaline or 
fenoterol, the latter two either alone or combined 
with cortisone. Eighteen other patients suffering 
from allergic bronchospasm and concomitant cardiac 
disease received either hexoprenaline or fenoterol. All 
patients received antibiotics and bromhexine to con
trol airway infections and secretions. Pulmonary 
function was unaffected in 12 patients receiving cor
tisone (5 to 20mg daily), and the usual side-effects 
were frequent and prominent. Di~odium cromogly
cate showed activity only during the fIrst 5 months of 
treatment, but produced no side-effects; its effects on 
pulmonary function were excellent in some patients, 
but response was inconsistent and irregular. Both 
hexoprenaline (2mg daily) and fenoterol (I Omg daily) 
produced a signifIcant improvement in mean PEFR 
over 12 months, an effect which was not improved 
by addition of cortisone to either drug regimen but 
which was already signifIcant (17 to 34 %) after only 
1 month of treatment (fIg. 10). The improvement in 
PEFR was somewhat greater with fenoterol, though 
the drug produced a signifIcantly greater increase in 
heart rate. Furthermore, side-effects were signifI
cantly more common in patients treated with 
fenoterol, with tremor in 63 % of patients, insomnia 
in 41 % and anxiety in 18.5 %. Hexoprenaline was 
well tolerated, particularly in patients with cardiac 
disease, causing only isolated instances of tremor, 
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palpitations and other effects. The high incidence of 
anginal pains (26 %) and palpitations (30 %) with 
fenoterol, together with its marked tachycardiac effect 
(heart rate increased 13.4 %), suggests that hex
oprenaline is more suitable for treating asthmatic 
patients with concomitant cardiac disease. 

3.2.2 Inhaled Hexoprenaline 
Hexoprenaline is given by inhalation most often in 

combination with oral or intravenous therapy (see, 
for example, Deutsch et aI., 1970), although the drug 
does appear to be effective for up to 4 hours by in
halation alone (Schindl, 1970) [see section 1.2.1]. 

Vermaak et al. (1972) found signifIcant mean in
creases in FEV! (43%) and maximum expiratory 
flow volume (45.3%), and a mean decrease of 43% 
in airways resistance, in 10 patients with 
emphysema, bronchitis or asthma. These peak 
effects, which were reached within 20 minutes of a 
single inhalation of 100 or 200pg hexoprenaline, 
were maintained for up to 90 minutes. 

A satisfactory response to aerosol hexoprenaline 
200pg in children aged between 7 and 9 years and to 
400pg in children aged between I 0 and 14 years was 
noted by Schindl (in press). A signifIcant decrease in 
airways resistance (body-plethysmograph) was evi
dent 10 minutes after inhalation and persisted for at 
least 4 hours after a single inhalation. The magnitude 
of the btonchodilatation tended to be greater in the 
younger children. 

The performance of a bronchodilator should 
ideally be judged by the potential of subjects to res
pond" from a resting value in relation to a predicted 
normal value of pulmonary function. Van As et al. 
(1973) studied 23 allergic asthmatics who had values 
of FEV!, FVC, and maximum voluntary ventilation 
(MVV), which were 52 %, 80.2 % and 52 % of nor
mal predicted values respectively. Single inhalations 
of 100pg hexoprenaline produced signifIcant im
provements after 15 minutes in all 3 parameters, in 
FEV! of 44 %, in MVV of 55 %, but in FVC of only 
26 %. Response to inhaled hexoprenaline is clearly 
related to initial degrees of impairment of pulmonary 
function (fig. 11). Measurement of pulmonary func-
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tion in 12 of these 23 patients showed that peak 
effects lasted for at least 150 minutes after inhalation 
of hexoprenaline; increments of FEY1, FVC, and 
MYY were highly significant even after 150 minutes 
(fig. 12). Inhaled doses of 100 or 250)1g did not pro
duce any unwanted cardiovascular effects, but tremor 
occurred in 2 of 35 patients receiving such therapy. 
Arterial oxygen tension was unaffected in 14 
asthmatic patients despite adequate bronchodilatation 
following inhalation of 100)1g hexoprenaline. 

3.2.3 Intravenous Administration 
In a mixed group of 35 patients with emphysema, 

bronchitits and asthma, who had bronchospasm, 
there was a 23.4 % improvement in vital capacity and 
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a 28.9% improvement in the FEY1 after injection of 
5)1g hexoprenaline intravenously. This improvement 
lasted for at least 90 minutes and was not accom
panied by a significant increase in pulse rate; side
effects were minimal (Yermaak et aI., 1972). 

Subjective complaints of palpitations were also ab
sent in a study in 20 patients with chronic obstructive 
airways disease, who received a slow (over 2 min) in
travenous injection of hexoprenaline 5)1g (Pall and 
Schlick, 1971). Pulse rate increased to only an insig
nificant degree. Maximum voluntary ventilation and 
FEY1 were already significantly improved within 5 
minutes of injection, reaching peak levels after 60 
minutes. Significant effects lasted for about 2 to 3 
hours (fIg. 13). Despite individual fluctuations in vital 

D Forced vital capacity (FVCI 

II Forced expiratory volume (FEV.I 

0 Maximum voluntary ventilation (MWI 

100 100 

.. 
!l 80 II 80 
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~ 
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'i 40 3l 40 
Is. e" 
0 .~ 
"* 20 "* 20 

Resting values After hexopranaline 

Fig. 11. Resting values of FVC, FEV. and MVV as a percentage of predicted normal values in 23 allergic asthmatics, and the in
creases therein following inhalation of l00llg hexoprenaline (data from Van As et aI., 19731. 
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capacity in some patients, FEV, as a percentage of the 
vital capacity also increased in a similar manner 
following injection. 

Hexoprenaline may not be as satisfactory as 
aminophylline for intravenous bronchodilator 
therapy over a period of 60 minutes (Kaik, 1976). 
Administration of aminophylline (240mg, iv) to 24 
patients with chronic obstructive airways disease was 
followed by a decrease in airways resistance, as deter
mined by body plethysmography, to 73 % of base
line values within 30 minutes and to 76% after 60 
minutes. Inhalation of fenoterol (400J.1g) caused a 
further decrease to 47% after 20 minutes. 
Diprophylline (2SOmg, iv) was very much less effec
tive than aminophylline (fig. 14). Hexoprenaline (5J.1g . 
iv) produced a maximum decrease in airways resis· 
tance to 75 % of basal values after 5 minutes and to 
93 % after 60 minutes; ipratropium bromide (SOJ.1g) 
inhalation caused a further decrease to 55 %. A con-
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Fig. 12. Percentage improvement of FVC. FEV, and MW 
after inhalation of l00pg hexoprenaline; each point is the mean 
of measurements in 12 asthmatic patients (after Van As et at. 
1973). 
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Fig. 13. Mean changes in FEV, and maximum voluntary 
ventilation (MW) in 10 asthmatic patients following in
travenous injection over 2 minutes of hexoprenaline 5"g (after 
Pall and Schlick, 1971). 

siderable increase in heart rate (from S9 to 106 
beats/ min) occurred only after hexoprenaline. Op
timal bronchodilatation with intravenous hex
oprenaline or aminophylline, however, was seen only 
after further application of fenoterol or ipratropium 
bromide by metered aerosol. 

Bronchodilatory responses to intravenous hex
oprenaline do not appear to be dose-dependent. There 
was no significant difference between the degrees of 
effective bronchodilatation in 47 severe asthmatic 
patients given hexoprenaline in doses of 5 or 10J.1g 
(Benjamin and Van As, 1972; Van As et aI., 1973) . 
The lower dose resulted in an improvement in PEFR 
of 153 % after 20 minutes, compared with I 19 % im
provement after 10J.1g within IS minutes. Peak flow 
rates returned to initial levels after about 3 hours. The 
higher dose, however, resulted in a significant in
crease in pulse rate and a drop in blood pressure, 
whereas only the increased pulse rate reached levels 
of significance after hexoprenaline 5J.1g <fig. 15). 
Three of the 47 patients developed a cardiac ar
rhythmia, but none suffered ill-effects and only one 
was taking the higher dose. Side-effects were infre~ 
quent; even at the higher dosage, 35 patients (74.5 %) 
were free from side-effects. Tremor occurred in 6 pa
tients (I 2.6 %) and palpitations in 3 patients (6.4 %). 
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Fig. 14. Mean changes from base-line values in airways 
resistance in 24 patients with chronic obstructive airways dis
ease, following intravenous administration of diprophylline 
(280mg), aminophylline (240mg) or hexopranaline (5pg). After 
60 minutes, patients inhaled fenoterol (F, 400pg) or ipratropium 
bromide (lpr, 8Opg) [after Kaik, 19761 

Hexoprenaline also stimulated glycogenolysis and 
liplyosis at these doses, effects which were enhanced 
in patients already taking corticosteroids. 
Bronchodilatation was effective in many patients even 
in the presence of a significant degree of acidosis. 

3.3 Status Asthmaticus 

Hexoprenaline, as with other ~-agonist type 
bronchodilators, is more appropriate for the long
term treatment of asthma rather than for severe, 
acute attacks. There is a general consensus of opinion 
that the drug is not very effective alone in the treat-
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ment of status asthmaticus, by any route of adminis
tration (Deutsch et al., 1970; Dierel, 1971; Hartl, 
1972; Schreiner, 1971; Titscher, 1971; Wilk, 1971). 
It can be used in the severe acute attack in conjunction 
with aminophylline and corticosteroids, and may be 
employed as maintenance therapy in the form of oral 
and/or inhaled drug. 
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Fig. 15. Mean percentage changes in PEFR, pulse rate, and 
systolic: blood pressure in 47 patients with severe asthma, 
following intravenous administration of hexoprenaline at two 
dose levels (data from Benjamin and Van As, 1972). 
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Van As et al. (J973) gave hexoprenaline to 10 
patients hospitalised with status asthmaticus, initially 
intravenously in doses of 5J.1g administered slowly 
over 2 minutes every. 4 to 6 hours. This was supple
mented by hexoprenaline 250J.1g by inhalation at the 
onset of therapy, and inhaled doses were then spaced 
out between the intravenous injections where possi
ble. Oral therapy was administered in a dose ofO.5mg 

320 T&V I • • 300 

280 

260 

240 

220 120 

24 

every 6 hours, in order to maintain the initial 
response to intravenous therapy. The management of 
a typical case is illustrated in fIgure 16. Patients with 
severe asthma receiving intensive therapy generally 
developed a mild tremor and a small increase in pulse 
rate, typically associated with intravenous hex
oprenaline (see section 3.1.3 and 3.2.3) or with repe
ated oral dosage of the drug (see section 3.2.1). 
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Fig. 16. The rasponse of a 64-vear-old woman with severe asthma to intensive therapy with hexopranaline. In the preceding 5 
~VS. PEFR had not been incraased about 150 II min bV administration of selbutamol inhalations 500pg tds. aminophvlline 500mg 
IntravenouslVevery 12 hours. aminophvlline suppositories 6 houriV. and choline theophyllinate 200mg 6 hourly (after Van As et a!. 
1973). • 
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4. Side-Effects 

There have been few reports of significant side
effects following the acute administration of hex
oprenaline by inhalation. An initial transient mild 
tachycardia may occasionally occur, which is usually 
not subjectively apparent to the patient. After in
travenous injection and sometimes after inhalation, a 
transient reddening of the skin may be observed in 
particularly sensitive vascular areas. 

Palpitations and skeletal muscle tremor have been 
observed after high or cumulative doses of inhaled or 
oral hexoprenaline over a short period of time, and 
occur in a dose-dependent manner following in
travenous administration. 

Overdosage may produce fme tremor, general 
unrest, dizziness and perspiration, but gastrointestinal 
effects are rare. 

Arterial oxygen tension (see section 1.2. I), and 
blood coagulation and fibrinolysis (see section 1.2.5) 
are not affected significantly by hexoprenaline, even 
during intravenous infusion. 

Its stimulant effect on lipolysis and its impairment 
of glucose utilisation (see section 1.2.4) after intra
venous administration may be important in diabetic 
patients. 

5. Contraindications and Precautions 

There are no known absolute contraindications to 
hexoprenaline. Like other sympathomimetic subs
tances, it should be used with care in patients with 
thyrotoxicosis or those with severe hypertension 
(systolic blood pressure above 200mm Hg), though 
the latter group has received intravenous and oral 
hexoprenaline generally without ill-effect (see sec
tion 1.2.2). 

Hexoprenaline should be used with caution in 
patients with cardiovascular disease, diabetes 
mellitus, and renal or hepatic dysfunction, and in pa
tients whose sensitivity to sympathomimetic subs
tances is manifested by sleepiness, dizziness, 
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lightheadedness, weakness, tremulousness or cardiac 
arrhythmia. Caution is also advised in patients receiv
ing concomitant therapy with other sym
pathomimetic amines or with monoamine oxidase in
hibitors, but there appears to be no evidence of in
teraction between hexoprenaline or phenobarbitone, 
diazepam or alcohol. 

6. Dosage and Administration 

6.1 Inhalation 

Hexoprenaline can be given by metered aerosol 
(O.2mg/puft). One or two puffs, up to 5 times daily, 
may be used, but frequent repetition of application 
should be avoided because of the long duration of ac
tion of the drug. Patients should be warned of the 
dangers of overuse and of the need for alternative 
therapy if the usual response does not occur with cor-
rect use of the aerosol device. . 

Children should only be treated with a sym
pathomimetic aerosoi under the supervision of a 
responsible adult. Children over 3 years of age may 
receive I puff from the metered aerosol, but oral ad
ministration of hexoprenaline may be preferable in 
younger patients. 

Hexoprenaline is also available as a 0.025 % in
halant solution, for use in compressed air or ultra
sound aerohalers. Dosage of the undiluted solution is 
15 to 20 breaths, several times daily. Inhalation may 
be continued for up to 10 minutes, depending upon 
the quantity of solution delivered by the inhaler, the 
respiratory rate of the patient, and the technique of in
halation. 

As an additive to conventional inhalant solutions, 
10 to 20 drops of hexoprenaline solution may be used 
for damp inhalation with air-humidifying substances 
in the plastic tent. 

The dosage of corticosteroids may need to be 
reduced during long-term treatment with hexo
prenaline, and corticosteroids may be cautiously 
withdrawn entirely in some patients (Benjamin, 
1974; Schreiner, 1971; Titscher, 1971). 
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6.2 Oral 

Hexoprenaline should be given in doses of 0.5 to 
1.0mg, 3 times daily, each dose being taken about 
half an hour before meals. Some patients may require 
up to 1.0mg 4 times daily for effective control. 

Infants and babies should receive about 1/4 of the 
adult dose, preferably dissolved in milk, and children 
4 to 10 years of age about 1/2 of the adult dose. Due 
to the long duration of action, it is possible that 
symptoms of overdosage may only become apparent 
after several days of treatment. Initial side-effects 
may subside with continuing treatment. 

6.3 Intravenous 

The dose by the intravenous route is 5 to I Opg, in
jected slowly (usually over 2 minutes). Up to 15 or 
20pg may be given during 24 hours, though some 
patients may require up to 30pg. 

Infants and babies may receive I to 3pg, I to 3 
times daily, with older children receiving 3 to 4pg, I 
to 3 times daily. 

Addendum 

In a single-blind comparison of single inhaled 
doses of salbutamol 200pg and hexoprenaline 200 
and 400pg given by commercially available aerosols, 
there was no significant difference in the mean FEY \ 
or FVC produced by either drug. A significant in
crease in mean FEY\ occurred within 5 minutes of 
inhalation and persisted for the 4-hour study period 
in the 15 asthmatic and 9 chronic bronchitic patients. 
The higher mean percentage change in FEY\ with 
salbutamol and hexoprenaline 200pg compared with 
hexoprenaline 400pg in asthmatic patients resulted 
from the lower pretreatment FEY \ before adminis
tration of the higher dose of hexoprenaline (Schonell 
et al.: Bronchodilator and cardiac effects of hexo
prenaline aerosol in patients with bronchial asthma 
and chronic bronchitis. In preparation 1977). 
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