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severely disabled patients. This could be interpreted in terms of
advanced striatal disease leading to increased denervation
supersensitivity. Alternatively, this finding may simply derive
from greater room for improvement by a dopaminergic agonist
because in patients with gross disease there is substantial
depletion of striatal L-aromatic aminoacid decarboxylase and
so a more limited response to levodopa.

Dopaminergic agonists, however, also carry certain theoretical
disadvantages. Accumulating evidence indicates that these drugs
tend to decrease the release of dopamine by a control system
involving presynaptic receptors (Farnebo and Hamberger, 1973)
and a negative feed-back loop (Walters et al., 1974). Most of
our patients were taking levodopa, and presumably maintaining
a certain level of therapeutic response by dopamine release. The
fact that further improvement was obtained with a dopamine
agonist suggests that if this drug reduces dopamine output the
consequences are of minor importance. Nevertheless, it would
clearly be of interest to establish the relative therapeutic potency
of bromocriptine with and without concomittant administration
of levodopa. Another important area for further investigation is
the possible potentiation of bromocriptine by simultaneous
administration of a phosphodiesterase inhibitor such as caffeine
or theophylline since these agents would be expected to delay
the destruction of cyclic adenosine monophosphate formed in

striatal neurons as the result of dopaminergic activation
(Kebabian et al., 1972).

We thank Dr. G. Curzon for biochemical analysis of the C.S.F. and
Sandoz Ltd. for the supply of bromocriptine. We thank Miss E.
Allbutt and Mrs. C. Chmaj for administrative help. This work was
supported by the Medical Research Council.
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Summary

Propranolol, practolol, and placebo were each given intra-
venously at weekly intervals to six normal subjects, and
their effects on respiratory function tests and heart rates
assessed. The reduction in the exercise heart rate after each
of the two drugs was most comparable at six hours, in-
dicating a similar degree of cardiac beta-blockade, when
the plasma concentration ratio of practolol to propranolol
was 28:1. The peak flow rate (PFR) was higher at
ali times during exercise than at rest. There were significant
differences between the changes in resting and exercise
PFR after placebo and the reductions after propranolol (ex-
cept at 24 hours), but not after practolol-and the latter's in-
fluence on PFR seemed to be intermediate to that of propran-
olol and placebo. At six hours, when the cardiac beta-blocking
activity of the two drugs was almost the same, there was a
significant difference (P 0025) between the reductions in
exercise PFR associated with each drug.
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Small though significant differences (P < 0-05) were found
only between the changes in FEVy after placebo and the
reductions after each drug at one, two, and three hours, and
there was no significant difference beween the effects of the
two drugs. This study supported the suggestion that beta-
sympathetic stimulation contributes to the bronchodilatation
evident during exercise. Moreover, it emphasizes the im-
portance of assessing airway resistance both at rest and
during exercise and of comparing the pulmonary effects of
different drugs when their cardiac beta-blocking activity is
equivalent.

Introduction

The extent to which commonly used beta-blocking drugs
affect airway resistance in normal adults is controversial
(McNeill, 197,1). The relative cardiac and bronchopulmonary
activity of such drugs is usally assessed 'by giving arbitrary
doses of each drug and determining their effects at arbitrary
fixed times after administration. Clinically, however, it may
be more important to compare unwanted side effects such as
broncheconstriction at times when desirable cardiac effects
are similar.

Beta-adrenoceptor blocking drugs produce little or no slow-
ing of resting heart rate but greatly reduce that during
strenuous exercise (Robinson et al., 1966). This has been
taken as evidence that beta-sympathetic stimulation of the
heart increases with exercise, and hence a useful index of
cardiac beta-4blocking activity is how much the heart rate
associated with vigorous exercise is reduced. By analogy, if
the bronchodilatation accompanying exercise (Jones et al.,
1962) is also due to sympathetic stimulation, the effect of
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beta-blocking drugs on airway resistance might also be more
apparent during exercise than at rest.
This study therefore compared the effects of propranolol

and practolol on airway resistance iboth at rest and during
exercise at times when their effects on exercise heart rate
were similar. It also aimed to determine the plasma concen-
tration ratio at which the effects of the two drugs on exercise
heart rate would be the same.

Subjects and Methods

The subjects in this investigation were six healthy men nor-

motensive volunteers aged 20-36 none of whom had a history
of asthma. All had normal E.C.G.s. The three treatments (0 3
mg/kg propranolol, 2 mg/kg practolol, and saline) were given
intravenously over 10 minutes to every subject, each treat-
ment being given at weekly intervals. The whole study was
double blind, balanced, and randomized. The subjects exer-

cised for three minutes on a Monark bicycle ergometer be-
fore and at one, two, three, four, six, and 24 hours after
each treatment, the exercise sessions ending on the hour. The
cycling was against a fixed load (1,200 kpond m/min for
five subjects and 1,350 kpond m/min for the remaining sub-

ject), shown in preliminary studies on each individual to be
the smallest load (to the nearest 150 kpond m/min) to pro-

duce heart rates of over 160 beats/min on cycling for three
minutes.

Before each period of exercise the subjects rested for five
minutes, after which the heart rate was recorded over 30
seconds with an electrocardiograph. Resting peak flow rate
(PFR; mean of three readings) and forced expiratory volume
in 1 second '(FEV,; highest of three readings) were deter-
mined using a Wright peak flow meter and vitalograph res-

pectively. During exercise five PFR readings were taken and
th'e mean of the three highest was determined. The heart rate
during the last 30 seconds of exercise was also measured. The
results obtained after each treatment were expressed as differ-
ences from the pretreatment values and these differences were

submitted to analysis of variance. Immediately after each
period of exercise venous blood samples were obtained for
deteaminiado of plasma levels of practolol spetrohomet-
rically (Tumer et al., 1971) and shose of propanoklA fluosi-
metricalily (Shand et al., 1970).

Results

The mean heart rate and PFR results are shown in figs. 1
and 2. The changes in PFR and FEV, from pretreatment
values are shown in figs. 3 and 4. Statistical analysis followed
the standard lines for randomized blocks as outlined by
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FIG. 1-Mean heart rates of six subjects before (time 0) and at
various times after three treatments.
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FIG. 2-Mean peak flow rates of six subjects before (time 0) and
at various times after three treatments. Note that exercise PFR
increased after placebo. Exercise PFR after propranolol ap-
proached resting PFR after placebo.

Kempthorne (1952). In each analysis of variance the treatiment
sum of squares was ibroken down into various comparisons
between the treatments. The results for -the comparisons
which were of interest are given in the table.
The six subjects had mean plasma propranolol concentra-

tions of 0 095 jug/ml, 0069 ,ug/ml, 0 054 pg/mnl,
0043 ,g/ml, and 0-026 Mg/ml at one, two, three, four, and
six hours respectively. Propranolol was not detected in the
plasma of any subject at 24 hours-that is, levels were less
than 0-010 ug/ml. The mean plasma practolol concentrations
were 1-38 ,ug/ml, 1.10 ug/ml, 1-02 lug/ml, 0-94 jig/ml.,

Summary of Analysis of Variance Results

P at:

lhr 2 hr 3hr 4hr 6hr 24hr

Heart Rate
Placebo rest v. propranolol rest. 0001 0-001 0o001 0o001 0-001 N.S.
Placebo exercise v. propranolol exercise 0 001 0-001 0-001 0.001 0.001 N.S.
Placebo rest v. practolol rest .. .N.S. N.S. 0 05 0-025 0-025 N.S.
Placebo exercise v. practolol exercise. . . 0-001 0-001 0-001 0-001 0-0010-01
Propranolol rest v. practolol rest. . . . 0-025 0 05 0 005 N.S. N.S. N.S.
Propranolol exercise v. practolol exercise 0 025 N.S. N.S. 0-05 N.S. N.S.

Peak Flow Rate
Placebo rest v. propranolol rest .. . 0025 N.S. 0 05 0-025 0-025 N.S.
Placebo exercise v. propranolol exercise 0*05 0 05 0-025 0-01 0 005 N.S.
Placebo rest v. practolol rest .. .N.S. N.S. N.S. N.S. N.S. N.S.
Placebo exercise v. practolol exercise . . . N.S. N.S. N.S. N.S. N.S. N.S.
Propranolol rest v. practolol rest.. . 005 N.S. N.S. 0-025 N.S. N.S.
Propranolol exercise v. practolol exercise N.S. N.S. N.S. N.S. 0-025 N.S.

Forced Expiratory Volume in One Second
Placebo rest v. propranolol rest. 0-01 0-025 005 N.S. N.S. N.S.
Placebo rest v. practolol rest . 005 0-025 0 05 1 N.S. N.S. N.S.
Propranolol rest v. practolol rest .N.S. N.S. N.S. l N.S. N.S. N.S.

N.S. =Not significant.
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FIG. 3-Mean changes in peak flow rate from pre-
treatment values in six subjects at various times after
three treatments. Blocks above baseline represent
increases in PFR and those below represent reductions.
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FIG. 4-Mean changes in FEV1 from pretreatment values in
six subjects at various times after three treatments. Blocks
above baseline represent increases in FEV1 and those below
represent reductions. Note that after placebo the increases
in FEV1 were greater than the reductions after the drug.

072 pg/ml, and 0-12jug/ml at one, two, three, four, six, and
24 hours respectively.

Discussion

There were several reasons for administering the treatments
intravenously. Firstly, 4-OH propranolol, an active metabolite
(Fitzgerald and O'Donnell, 1971), is formed only after oral
administration of propranolol (Paterson et at., 1970; Coltart
and Shand, 1970) and therefore could not influence the rela-
tion between the plasma level of propranolol and its effect
noted in this study. Secondly, with repeated oral administra-
tion of the parent drug (as during routine maintenance
treatment) the cardiac beta-'blocking effects associated with a
plasma concentration correspond with those found after
single intravenous injections (Cleaveland and Shand, 1972),
as though the effects due to metabolites had disappeared,
providing a further reason for obtainig data after single in-
travenous doses rather than single oral doses. Another
reason for avoiding the formation of 4-OH propranolol was
that it possesses intrinsic sympathominmetic activity (I.S.A.;
Fitzgerald and O'Donnell, 1971). As propranolol, unlike
practolol, possesses virtually no LS.A. only after intravenous

BRITISH MEDICAL JOURNAL 23 NOVEMBER 1974

administration could a comparison between the effects of the
two drugs be considered to be between one with agonist
properties and one without. Hence it is possiible to test the
hypothesis that drugs with agonist activity have no net effect
at rest when sympathetic tone is relatively low but have an
appreciable effect during exercise when sympathetic tone
increaRes.

Propranolol, which has noI.S.A., consistently reduced
resting and exercise heart rates. The most comparable re-
ductions in exercise heart rates occurred at six hours, indicat-
ing that the two drugs were producing similar cardiac beta-
blockade. The plasma concentration ratio of practolol to
propranolol at that time was 28: 1. At six hours, the distri-
bution of the two drugs 'being virtually complete (Paterson
etad., 1970;Carruthers et al., '1974), the relationships be-
tween their plasma concentrations and their effects were
more likely to be stable. Also, -by six hours the fluctuations
in the plasma practolol decay curves and which have been
reported by others (Carruthers et al., 1973) were less ap-
parent. The plasma concentration ratio of about 28: 1
should hold true over different degrees of submaximal cardiac
beta-blockade since Coltart and Shand (1970),Carruthers
et al. (1974), and Kumana and Kaye (1974) have shown that
the reduction in exercise heart rate produced by each drug is
proportional to the logarithm of its plasma concentration.
Moreover, the ratio obtained in this study corresponds
closely with the ratio of 25: 1 reported by Bodem et al.
(1973).

Several studies have assessed the influence of propranolol
and practolol on airway resistance in normal subjects. They
have involved intravenous and oral routes of administration,
measurements of FEVy and specific airway conductance, as
well as observations on histamine- or acetylcholine-induced
bronchoconstriction. Such studies have shown little agree-
ment and a wide variation in the individual response to
these drugs (Zaid and Beall, 1966; MacDonald et al., 1967;
Marcelle et al., 1968; Richardson and Sterling, 1969; Tumer
et ad., 1971; Nicolaescu et al., 1973; Ziskind et al., 1973;
Kumana and Kaye, 1974). Hence there was a need for a
more sensitive method of assessing effects on airway resis-
tance. We decided to investigate airway resistance not only at
rest but also during exercise. Anyc'hanges occurring in the
results of the tests of forced expiration were taken to in-
dicate changes in airway resistance.
The PFR was always greater during exercise than at rest

and the increase in PFR during exercise tended to be smaller
after the administration of either drug. These obervations
supported the assumption that -the bronchodilatation occur-
ring during vigorous exercise involved a degree of beta-
sympathetic stimulation. Propranolol, which has no I.S.A.,
consistently reduced resting and exercise PFR as judged
by significant differences between these reductions and the
changes in PFR after placebo (see fig. 3 and table); more-
over, the lbronchodilatation evident during exercise was al-
most completely blocked (see fig. 2). After practolol, however,
the corresponding differences did not attain significant levels,
there being no obvious change in resting PFR though -there
was an overall trend for the exercise PFR to fall (see table
and fig. 3). Furthermore, consistent with practolol having an
effect intermediate to that of propranolol and placebo, there
was usually no significant difference between the two drugs
in the reduction in exercise PFR (see table). At six hours,
when the cardiac beta-4blocking activities of propranolol and
practolol were most similar, there was a significant differ-
ence (P < 0025) between the reduction in exercise PFR
associated with each drug. These data thus confirm the
cardioselectivity of practolol as compared to propranolol and
also lend support to the suggestion of Connolly and Batten
(1970) that ILS.A. might be a factor in the occurrence of
cardioselectivity.
The greatest changes in FEV1 were the increases after

|w
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placebo. Unlike the PFR data the FEV1 results showed no
significant differences (see -table) aft-er three hours and at
no time was there a significant difference between the effects
of the two drugs. These results suggest that FEV1 and
PFR measurements may not reflect identical aspects of air-
way resistance though generally *they correlate well (Pride,
1971). They also indicate that wuhen investigating cardio-
selectivity airway resistance should be assessed both at rest
and during exercise.

Unlike -the sympathetic stimulation induced by isoprena-
line that occurring during exercise is physiological. Thus
using. exercise to assess beta4blocking activity is more likely
to be clinically relevant except in the rare instances when
beta-blocking drugs are used to counteract the effects of
administered beta-agonists. Beta-blocking activity, as repre-
sented by reduction in exercise heart rate, may not parallel
other criteria of cardiac betalblockade so -that equivalent
cardioeffective concentrations of propranolol and practolol
as determined in this study may not always be appropriate.
Nevertheless, the results suggest that when either drug could
be used -to treat a cardiac disorder ,practolol is likely to have
a less adverse effect on airway resistance than propranolol.
This advantage of practolol may also be relevant in impend-
ing heart failure since any extra burden on ventilation may
exacerbate the symptoms.

We thank the board of governors of St. Bartholomew's Hospital,
the po!tgraduate committee in medicine, the University of Sydney,
and the British Heart Foundation for financial support and I.C.I.
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Summary

Twenty-three patients with obstructive jaundice were given
a 50-g oral glucose tolerance test (G.T.T.) and an insulin
stimulation test with oral glucose and intravenous tolbuta-
mide and glucagon. An abnormal glucose response was as
common in patients with carcinoma of the pancreas (seven
out of 12) as in patients with "other" causes of obstructive
jaundice (six out of 11). Though both groups had a low and
delayed insulin response the insulin levels were significantly
lower in patients with carcinoma of the pancreas. After the
insulin stimulation test patients with obstructive jaundice
who did not have carcinoma of the pancreas had a greater
and significantly different insulin response from patients
with pancreatic cancer. There was, however, considerable
overlapping between the results of individual patients in
the two groups.

Introduction

Obstructive jaundice may present a difficult diagnostic prob-
lem. Clinical, biochemical, and radiological studies may not
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identify the cause of the jaundice and a dciagnosis is often
reached only at laparotomy (Knill-Jones et al., 1973). Gall
stones and carcinoma of the pancreas account for most cases
but various other conditions such as drug-induced chole-
stasis or hepatitis may be responsible. Abnormal glucose
tolerance has -been reported in 37% to 50% of patients with
carcinoma of the pancreas (Murphy and Smith, 1963;
Braganza and Howat, 1972) while other -workers have
shown a flat insulin response to glucose (McKiddie et at.,
1969). According to Malins (1968) and Truelove and Rey-
nell (1972) glycosuria and an albnormal glucose tolerance in
a patient with obstructi:ve jaundice favour a diagnosis of car-
cinoma of the pancreas.
Oral glucose tolerance and insulin responses have been

studied in patients with obstructive jaundice due to various
causes, before the diagnosis was established, to assess their
predictive value. We have also used intensive pancreatic (8-
cell stimulation with glucose, tolbutamnide, and glucagon to
investigate whether insulin reserves in patients with car-
cinoma of tihe pancreas differ fronm those in other patients
with obstructive jaundice.

Patients and Methods

Twenty-three patients with clinical and biochemical
evidence of obstructive jaundice were studied (table I). A
definite cause of the jaundice was later diagnosed at laparo-
tomy in 20 patients. Of these, 12 had a carcinoma of the
pancreas (half involving the head and half both the head
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