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SUMMARY.

Beta-adrenoceptor blockade has become an
established method of treating both angina pectoris and
hypertension., Among the beta-adrenoceptor antagonists
available, are several with distinct pharmacological
properties including cardioselectivity, membrane
stabilising activity and intrinsic sympathomimetic or
partial agonist activity. This thesis is concerned with
the clinical evaluation of the latter property in the
long~term treatment of chronic stable angina pectoris.
Several reports have suggested that beta blockers with
with this property confer certain advantages over pure
beta blockers, but their long-term effects in chronic

angina pectoris have not been clearly demonstrated.
There are five main objectives to this thesis:

1. To determine the effect of pure beta blockers
on left ventricular function during long-term
treatment of angina pectoris and the influence

of ISA.

2., To assess the long-term effect of beta blockers
and the influence of ISA on the plasma lipo-

protein profile.

3. To establish the efficacy of beta blockers
with ISA in suppressing symptomatic and

asymptomatic episodes of myocardial ischaemia



in chronic stable effort angina pectoris, in

comparison to a 'pure' beta blocker.

To determine the effect of pure beta blockade
on respiratory function during long-term
treatment of angina pectoris in comparison to

a beta blocker with ISA.

To assess the value of radionuclide ventricu-
lography in the detection of coronary artery
disease in our laboratory and the role of

cold pressor stress and isometric handgrip
exercise, In these investigations, propranolol
was used as a pure beta blocker, pindolol was
used as a prototype of a beta blocker

possessing ISA.

From the studies contained in this thesis I have

obtained the following results and conclusions:

1.

Despite the demonstration of improved or
sustained left ventricular function obtained
with beta blockers possessing ISA, after single
dose oral or intravenous administration, I |

failed to find any advantages using pindolol in

chronic stable angina pectoris, when compared

to propranolol. This conclusion is derived
from the results of serial radionuclide
ventriculography carried out at intervals

during the course of a year's treatment with



both drugs in a controlled study. Left
ventricular function at rest failed to improve

in those taking pindolol, but significantly
improved in those taking propranolol. This
observation held for those with subnormal basal
left ventricular performance in whom one might
expect a beta blocker with ISA to have the
greatest effect. However the results of this
thesis do not disprove the potential of drugs
with ISA to protect or improve left ventricular
performance in patients with severely compromised
left ventricular function as this group was not
included in my investigation. It is concluded
that ISA is an unhelpful property in terms of
left ventricular function during chronic therapy
of stable angina pectoris, in patients with
normal or moderately compromised left ventricular
function. It should be pointed out that the
beneficial changes in left ventricular function
observed in those taking propranolol were within
thevvariébility (5%) of the technique used. This
may be partially offset by the fact that the
study was controlled, statistical analysis was by
2-way analysis of variance and the variability of
the technique was calculated using results from
normal volunteers who are known to have greater

variability of left ventricular performance.

A review of the literature shows little

consistency in the plasma lipoprotein changes



in response to beta blockers. The most
frequent changes noted by other investigators
have been an elevation of total triglyceride
with pure beta blockers and a fall in total

high density lipoprotein., In comparing the
effect of pindolol and propranolol in patients
with chronic stable angina pectoris I found

no significant change in total triglycerides
with either drug and observed small falls in
total HDL with both drugs although this was

only significant for propranolol. Conversely
HDL,, which has been shown to have a more
strongly negative correlation with coronary
artery disease rose with both drugé, but this
was only significant in those treated with
propranolol after 52 weeks treatment. For

those with initially elevated total cholesterol,
pindolol caused a significant reduction through-
out treatment, but this did not occur with

propranolol.

Although pindolol was associated with more
symptomatic and asymptomatic episodes of ST-
segment depression than propranolol there was no
significant difference between the two drugs.
Propranolol resulted in avsignificantly lower
heart rate, but was associated with a
significantly higher hourly frequency of
ventricular premature contractions. Thus, no

significant difference could be demonstrated



in the efficacy of both drugs in suppressing
myocardial ischaemia, although there was a

trend in favour of propranolol.

4, Patients taking propranolol developed
significantly increased airways obstruction
throughout treatment and although this also
occurred with pindolol, it was significantly
less than that experienced with propranolol,.
These results suggest that deteriorating
respiratory function was maintained through-
out treatment with propranolol, and pindolol

conferred protection against this effect.

5. Radionuclide ventriculography is a reproducible
‘technique in our laboratory with cold pressor
stress and isometric handgrip exercise proving
to be useful, easily applied and reproducible
interventions when comparative assessments are
being made within the individual. However,
when used to enhance the ability of radio-
nuclide ventriculography to detect coronary
artery disease they were insufficiently
sensitive, although may be of use when the

subject is incapable of dynamic exercise.

Thus, the long-term effects of beta blockers with
and without ISA in patients with chronic stable angina
pectoris differ from those observed in short-term studies.

Although ISA has been shown to be a useful property in



many respects, some of the anticipated advantages could

not be demonstrated by these experiments.
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1.1, PLAN AND AIM OF THESIS.

The studies which form the basis of this thesis
were performed over the course of tw§ and a half years
from May 1982 until October 1984, during the tenure of my
post of Research Fellow inCardiology at the Victoria

Infirmary, Glasgow.

The main object has been to establish the clinical
importance of intrinsic sympathomimetic activity possessed
by beta blockers during the treatment of chronic stable
angina pectoris. Despite their widespread use, the long-
term clinical effects of beta blockers with and without
ISA are poorly documented. Thus, I have investigated
the influence of beta blogkers with and without this
property on left ventricular performance, plasma lipo-
proteins, symptomatic and asymptomatic myocardial
ischaemia, respiratory function and adverse effects.,

In addition, the experiments involved presented an
opportunity to evaluate the role of radionuclide ventricu-
lography in the detection of coronary artery disease, and
an assessment of cold pressor stress and isometric hand-

grip exercise used in conjunction with this technique.

This thesis consists of eight sections of which
Section 1 is the introduction. Sections 2-7 comprise
the investigations conducted by the author and Section 8
contains the final commentary and references. Where
necessary each section has been divided into subsections

covering particular topics or experiments. Each table or



figure is described by a section number and a number

corresponding to it's appearance in that section.

In the first section I have developed the concept
of beta-adrenoceptor blockade and intrinsic sympathomimetic
activity. In this introduction I have attempted to
describe the current understanding'of ISA and the known
clinical effects and adverse reactions of beta blockers
with this property in as brief a review as is commensurate
with an understanding of the main topics of this thesis,
This section lays the foundation for the following
experiments aﬁd attempts to pinpoint important gaps in our

knowledge of the clinical effects of these agents.

Section 2 describes briefly how patients with
chronic stable angina were recruited for the experiments
to follow. and includes an assessment of patient compliance
with the beta blockers used in each experiment and their

adverse .reactions.

Sections 3 and 4 contain the results of investi-
gations using radionuclide ventriculography to determine
left ventricular function. Section 3 investigates the
role of ISA in the long-term treatment of chronic stable
angina with beta blockers and Section 4 evaluates the
reproducibility of radionuclide ventriculography in our
laboratory and its use in the detection of coronary artery
disease. In addition, the cardiovéscular effects and
application of cold pressor stress and isometric handgrip

exercise are explored. All of the measurements of heart




rate and blood pressure in this thesis necessitated the
use of a semi-automatic recorder, and the Hitachi HME-20
pulse and blood pressure monitor was chosen for this

purpose and it's evaluation is contained in Section 4.

Section 5 contains the results from a long-term
investigation into the effects of pure beta blockers and
one with ISA on plasma lipoproteins and contains an

extensive review. of the current literature.

The study contained in Section 6 was designed to
evaluate the effect of beta blockers with and without ISA
on the frequency of symptomatic and asymptomatic myocardial
ischaemia in chronic stable angina pectoris and their
effect on heart rate and rhythm. This was carried out
using ambulatory ECG recorders designed for the purpose.
One of the long established concerns when using beta
blockers is their effect on respiratory function. There
is considerable evidence of increased airway narrowing
following their administration. In Section 7, this is
investigated with particular reference to the possible

influence of ISA which may aleviate this effect.

In the final section (Section 8), I have attempted
to construct a concise resume of my findings and place

them in perspective to previous knowledge.



1.2. INTRODUCTION.

Beta-adrenoceptor blockade has become one of the
mainstays in the therapy of ischaemic heart disease and
hypertension in the last 15 years, and established use
has clarified the efficacy and adverse effects of beta
blockers. Despite this a number of misunderstandings
regarding their properties have developed. Beta-
adrenoceptor blockers or beta blockers can be classified
according to their 1lipid solubility, cardioselectivity,
possession of membrane stabilising activity (MSA) or
intrinsic sympathomimetic activity (ISA) sometimes
referred to as partial agonist activity. This thesis
concerns thié latter property and its possible clinical

effects.

Several beta-adrenoceptors currently available
exhibit iSA. These include pindolol, oxprenolol,
acebutalol and alprenolol. As pindolol exerts the most
potent "ISA effect", most of the current literature
concerning ISA refers to this drug. In this introduction
I have reviewed the current knowledge of beta blockade

and ISA with special reference to pindolol.

The first beta bloéker to be investigated in man -
dichloroisoprenoline - was found to produce cardiac
stimulation (1) causing a marked tachycardia (2). This
effect was initially attributed, to stimulatioﬁ of beta-

adrenoceptors and was termed ISA (3). Although this



early beta blocker was unsuitable for clinical use, beta
blockers with less potent ISA were later introduced which
did produce effective beta blockade, such as pindolol and

oxprenolol (4).

The importance of ISA is controversial and has
resulted in considerable debate in recent years (5,6).
There is no contention regarding the pharmacological
definition or physiological potential of this property -
but it is still not universally accepted as being of
clinical value. However, the theoretical possibilities
"are now supported by evidence suggesting that ISA may

have important therapeutic implications.

Although it is possible that ISA could diminish
"the clinical efficacy of beta blockade (7), pindolol
appears to be as effective as beta blockers without ISA
in the treatment of angina (4,8,9), hypertension (4,10)
and arrhythmias (11-13) and may be of particular use in

patients with compromised myocardial function (8,14).



1.3. PURE BETA ADRENOCEPTOR BLOCKADE.

The sympathetic nervous system and circulating
catecholamines exert their effects through receptors on
the effector cell surface. These receptors can be
divided into alpha-adrenoceptors and beta-adrenoceptors.
Stimulation of alpha-adrenoceptors in the cardiovascular
system leads to vasoconstriction, whereas stimulation of
the beta receptors results in an increase in heart rate,
atrio-ventricular conduction, myocardial contractility
and peripheral vascular dilatation., Beta-adrenoceptor
blockers were developed with the intention of attenuating
the direct effects of sympathetic stimulation on the
heart, particularly in the patient with ischaemic heart

disease,

What is beta-adrenoceptor blockade? The beta-
adrenoceptor is a localised region of the cell membrane
which is sensiti;e to the effects of catecholamines.
This region has the ability to combine reversibly with
extracellular catecholamines. Such a reaction triggers
a complex series of intracellular events resulting in
the characteristic response of the parent cell. The
receptor region is accepted as being part of a macro-
molecular complex which is able to interact specifically
with catecholam%nes, or their analogues, to effect a

response.



The molecular structure of Isoprenaline allows
for its attachment at all ma jor sites of a beta-
adrenoceptor effecting maximum stimulation of the parent
cell, Three components of the Isoprenaline molecule
(Figure l.la) are important for its combination with the
receptor (15). Modification of one of these sites of
attachment results in a structure which is not optimal for
occupation of the receptor, and thus activation of the
receptor is slow and inefficient - in addition, the access
of endogenous catecholamines is prevented, and therefore
the beta-adrenoceptor has been blocked (competitive
antagonism). Such an effect is schematically represented
in Figure 1.1b which shows the combination of propranolol
with the beta-adrenoceptor. Thus, beta blockers can be
defined as chemical substances which specifically and
competitively block the effects of catecholamines, and are
structural modifications of the beta-adrenoceptor
stimulant, isoprenaline. A pure beta blocker, like
Propranolol, posesses an isoprenaline like side chain with
’anvalternative aromatic nucleus (Figure 1.1b), and will

compete with the endogenous agonist for the receptor site.

Beta-adrenoceptors occur in blood vessels, the
heart, brain, kidneys, parts of the eye, lungs, uterus and
insulin secreting cells of the pancreas and can be divided
into Beta:1 or Beta: receptors according to the proposal by
Lands in 1967 (16). The distribution of beta adrenoceptors
is represented in Table 1.1. Although the heart contains

predominantly Beta; receptors, it also contains some Beta:

adrenoceptors. Therefore selectivity is not absolute.



ISOPRENALINE

NH

2, Cb— Bonds formed rapidly,

' but are easily broken

Activity site Attachment site

PROPRANOLOL

PINDOLOL

FIGURE 1.1

Schematic representation of the major points of .attachment
for a pure agonist (a. Isoprenaline), a pure antagnoist
(b. Propranolol) and a partial agonist (c. Pindolol), to

a beta-adrenoceptor site on a cell membrane. Such a
combination of.receptor and agonist/antagonist is said

to take place in 'stereo-specific fashion'.



TABLE 1.1 CLASSIFICATION OF TISSUE BETA ADRENOCEPTOR

TISSUE PREDOMINANT
Heart B:
Lung _ B2
Peripheral Blood Vessel B2
Central Nervous System B1B2
Uterus . B2

Metabolic Receptors B2




Some beta blockers have been developed which have a
relative affinity for Beta; receptors more than Beta,
receptors énd these beta blockers have been termed
CARDIOSELECTIVE. However, there is considerable evidence
that the cardioselectivity of drugs such as practolol,
atenolol or metoprolol is only a relative phenomena and

may be lost or diminished with increasing dosage.(17)



1.4, BETA ADRENOCEPTOR BLOCKERS WITH INTRINSIC

SYMPATHOMIMETIC ACTIVITY.

Beta blockers can be classified according to three
main pharmacological properties, one of thesej cardio-
selectivity, has already been discussed. The other
properties are membrane stabilising action and intrinsic
sympathomimetic activity. ISA beta blockers have a
molecular structure similar to Isoprenaline, but not
entirely optimal for full stimulation (Figure 1l.1c).
Nevertheless, partial stimulation does occur simultaneously
with beta blockade, as endogenous catecholamines are denied
access to the receptor sites. ISA beta blockers therefore
act as competitive antagonists in the same ﬁanner as other
beta blockers (18), but are capable of sub-optimal
stimulation of the receptors (Figure 1.2). (15) The potential
for partial stimulation can be altered by restructuring
the molecular configuration of the antagonist.
Dichloroisoprenaline, the first beta blocker developed,
had potent ISA and tended to increase resting heart rate
and was not suitable for clinical use. (2) Of the beta
blockers with ISA currently available pindolol has the
most potent ISA, but does not have the pharmacological
potency of adrenalin or isoprenaline. (7,15) Pindolol has
up to 50%Z of the agonist activity of isoprenaline in
laboratory animals, but this is probably an exagerated
response when compared to humans. The relative ISA of the
commercially available beta blockers is shown in Table 1.2.

It may be expected that any benefits which the property
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TABLE 1.2

RELATIVE DEGREE OF INTRINSIC SYMPATHOMIMETIC

ACTIVITY OF SEVERAL FREQUENTLY USED BETA

ADRENOCEPTOR BLOCKING DRUGS.

DRUG RELATIVE DEGREE
OF ISA
Pindolol ++
Oxprenolol +
Alprenolol '+
Acebutalol +
Practolol +
Propranolol 0
Timolol 0
Metoprolol 0
Atenolol 0
Nadolol 0
Sotalol 0
Labetalol 0




may acrue should be demonstrable with pindolol rather than

those with weaker ISA.

The ISA of pindolol has been appreciated for many
years and was investigated by Hill and Turner in 1969 who
reported that in a dosage producing the same reduction in
exercise induced tachycardia pindolol reduced heart rate
to a lesser extent than did propranolol. (19) The degree
of ISA in the individual beta bloqker can be demonstrated
in animals depleted of endogenous catecholamines by
syrosingopine and adrenalectomy to abolish sympathetic
activity. (20) In this situation, administration of
propranolol will not affect heart rate as no endogenous
catecholamines are present which can be "blocked".
Pindolol, however, increases resting heart rate because of
its partial agonist effect. (21) Such demonstration of
ISA in man is not possible, although in the intact human,
Hill (19) and Svendson (22) have demonstrated a smaller

reduction in resting heart rate compared with other beta

blockers.

It has been argued that ISA reduces or dilutes the
beta blocking capability of a drug, but this is not
correct. As these drugs also act as beta blockers they
can be expected to protect the heart from the deleterious
effects of excessive adrenergic stimulation during
exercise or emotional stress by decreasing myocardial
oxygen requirements at any given level of activity. (4)
They will also block catecholamine induced increments in

heart rate and the velocity and extent of myocardial



contraction., However, because of ISA the drugs' effect is
most evident at times of low sfmpathetic drive eg. at rest
or during sleep, whereas during periods of high
sympathetic drive eg., during exercise or emotional stress,
the effect of ISA is more difficult to discern. The
inotropic action of these drugs is so weak that the nett
result in man is to prevent the extreme effects of beta
blockade, rather than to produce positive inotropic

effects,

Theoretically, beta blockers with ISA would be
expected to cause a smaller negative chronotropic and
inotropic effect and reduce the tendency of the beta
blocker to induce peripheral vasoconstriction and
bronchoconstriction. However, beta blockers with ISA have
different quantitative influences in different organs -
the effects being greater in vascular smooth muscle than
in cardiac or bronchial muscle. This may be due to
variations in the number of beta-adrenoceptors available-
for stimulation or distribution of beta-adrenoceptor
subtypes in different tissues. In addition, because of
constantly varying sympathetic activity it is extremely
difficult to measure the effects of ISA in man. Thus,
although the theoretical advantages or influences of ISA
can be readily demonstrated in isolated tissues, or in the
experimental animal, the clinical influence in man is a

subject of debate. (5,6)



Possible Advantages of ISA Beta Blockers are:

Stimulation of the sinus node and atrio-

ventricular conduction during periods of low

.sympathetic activity, thereby reducing the

liklihood of bradycardia and heart block
during beta blockade, especially in the

elderly.

Direct stimulation of contractile elements of
the myocardium, and reduction in cardiac
afterload because of vasodilation - resulting
in a lesser reduction in myocardial
contractility induced by'beta blockade

especially in the compromised heart.

Stimulation of Betaz bronchodilator receptors -
offsetting some of the bronchoconstrictor

effects of beta blockade.

Less tendency to develop peripheral vascular
constriction through unopposed Alpha:
stimulation by partial stimulation of the Beta:

vasodilating adrenoceptors.

The overall effect is a probabie increase in

exercise capacity during beta blockade with a drug

possessing ISA.



Membrane Stabilising Activity.

Although MSA is not a property covered in detail
in this Thesis it is appropriate to distinguish this
property from ISA., MSA will deérease the rate of rise and
magnitude of the cardiac intracellular action potential
and will prolong the refractory period of the myocardial
cells. (23) Although both propranolol and pindolol (with
ISA) exert weak MSA (24,25), this property is only
apparent at doses far in excess of those necessary for
beta‘blockade (26,27) and is probably of no therapeutic

relevance,



1.5. PINDOLOL: PHARMACODYNAMICS AND PHARMACOKINETICS.

Structure.

Pindolol's molecular structure differs from
propranolol by the substitution of an indole for a benzene
ring in the aromatic nucleus of the molecule (Figure 1.3),
which is capable of reacting with the beta receptor, unlike

the benzene ring which is biologically inert.

Pharmacokinetics,

Pindolol is rapidly and almost completely absorbed
(95%) after oral ingestion and absorption is not influenced
by the presence of food. (28,29) The drug is detectable
in plasma within 30 minutes following ingestion, and peak
levels are recorded between 1-2 hours post ingestion,
(28,29) First pass metabolism by the liver is low with
an oral bio-availability of approximately 907%. (28,29)
An increase in oral daily dosage of pindolol results in a
proportional increase in concentration of the drug within
the body (linear pharmacokinetics). (28,29) Although oral
biocavailability is good, plasma drug concentrations may
vary by as much as four fvld after a single oral dose.
(28-30) However, after multiple doses this falls to two
fold. (29) The cause for this is not known although it
has been suggested that it may be due to interindividual
differences in the volume of distribution of the drug.

Pindolol is only 407 bound to plasma proteins which is
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less than with other betarblockers (28) and this may
account for a relatively high level of beta blockade at
comparatively low total plasma concentrations. It's
volume of distribution in healthy subjects is about 2
litres per kilogram of body weight. (28) An identical
drug concentration does not guarantee an identical beta
blocker response in different individuals. However, if
the interindividual plasma drug concentration is the same,
differences in degree of beta blockade will vary by only
2-3 fold. Thus, like all beta blockers, plasma levels
offer little as regards a therapeutic guide although they
can be useful when assessing patient compliance. (7)
Plasma concentrations required to produce therapeutic

beta blockade vary substantially between individuals (30)
and therefore manipulation of the dose may be necessary
for optimal beta blockade, although this need not present
a greater problem with pindolol because of it's relatively
low first pass hepatic metabolism when compared to other

beta blockers (28,31), and consequent good bioavailability.

The drug is relatively lipophilic and as such, is
able to cross the blood brain barrier and enter the central
nervous system. It also crosses the placenta and is

excreted in human milk.

Following oral administration the plasma
concentration of pindolol declines monoexponentially in
the normal subject, with a plasma half-life of 3-4 hours
(29), although this can increase to about 7 hours in the

elderly patient. (29) Despite a relatively short half-life



(similar to other beta blockers), the beta blocking effect
persists for up to 9 houfs, which can be demonstrated by . a
prevention of exercise induced tachycardia until this time.
Approximately 60% of an oral dose is ultimately metabolised
by the liver, with the remainder being eliminated unchanged

in the urine. (28,29)

Dosage.

Previous‘work has confirmed adequate beta blockade
with 15 mgs. pindolol per day - no haemodynamic benefit
being observed with higher doses. (32) This implies that
Pindolol is more potent per mg. than propranolol (by as
much as 6-8 times) and this can be confirmed by comparing
the ability of both drugs to inhibit isoprenaline induced
tachycardia., (7) This difference in potency cannot be
explained by differences in the side chain of the molecular
structure - this being identical to propranolol (Figure 1.3),
and is more likely to be the consequence of a lower
percentage of the drug bound to plasma proteins (33) and

superior bioavailability.

Unlike the relative cardioselectvity of alternative
beta blockers such as atenolol or metoprolol, which is
attenuated at high therapeutic doses (7,34,35), the ISA is
not lost when higher doses are administered. (36) However,
this activity occurs with low doses and has a flat dose
response curve confirmed by studying the effect of the
drug on resting heart rate throughout a wide range of

therapeutic doses. (36,37) In common with other beta



blockers drug tolerance does not appear to develop with
longterm use, this applying to both the beta blocking and

ISA effect. (10,38)

Thus the pharmacodynamics and pharmacokinetics of
pindolol are favourable in comparison to other beta
blockers although it would appear that pindolol requires
to be administered in a twicé or thrice daily dose which
may detract from it's patient acceptability in comparison
to other beta blockers such as atenolol which can be given

in a single daily dose.



1.6. CONFIRMING THE PRESENCE OF INTRINSIC SYMPATHOMIMETIC

ACTIVITY,

Animal Studies,

Qualitative and quantitative demonstration of ISA
can be performed in the animal model in whom the effect of
reflex sympathetic nervous stimulation and the effects of
endogenous catecholamines are abolished. This can be
achieved by adrenalectomy, vagotomy and pretreatment with
reserpine or syringoserpine. (20,39) In this situation
there is an increase in heart 'rate when a beta blocker with
ISA is administered, but no cﬁange when a pure beta blocker
is given (40) (Figure 1.4). As the increase in heart rate
observed with the ISA blocker can be antagonised by
propranolol, such an effect must be mediated through beta
receptor stimulation, A similar change is observed in the
contractile force of isolated strips of heart muscle (4),
demonstrating a positive inotropic effect. Although these
changes are observed in this artificial setting, it may not

be appropriate to extrapolate to the intact organism,.

Human Studies.

The demonstration of ISA in man is
necessarily indirect. The effect of pindolol on
heart rate in man has been shown to be dependant on the
initial level of sympathetic activity. (41) For example,

in a study examining the effect of pindolol on heart rate,



Heart rate
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FIGURE 1.4

Positive chronotropic effect of 4 beta blocking drugs
with partial agonist activity in the isolated right
atrium of the cat.

(Reprinted from Kaumann and Blinks (40).)

iso = isoprenaline.



in 7,000 hypertensives, (42) fhe subjects who exhibited
initial resting heart rates of over 90 beats per minute
(bpm) responded with a significant reduction in heart

rate when given pindolol. However, those with heart rates
in the region of 70-90 bpm had little change in heart

rate and those with rates less than 70 bpm responded

with an increase in heart rate. Overall, drugs possessing
ISA cause a smaller reduction in resting heart rate than
beta blockers without ISA (8,10,43), however, tachycérdia
induced by exercise (8,10), or Isoprenaline, is attenuated
to a similar extent by all beta blockers.u Thus, the
greatest influence of ISA occurs when sympathetic tone is
low, and will therefore be appreciated only in resting
subjects. This effectively alters the circadian rhythm of
heart rate, such that profound reduction in heart rate
during sleep is countered by ISA while peaks during
exercise or emotional stress (high sympathetic tone) are
attenuated (44) (Figure 1.5). The effect of ISA will
predominate over the beta blocking effect at times of

low sympathetic activity and visa versa when sympathetic

activity is high.

Thus, although beta blockers with ISA can be shown
indirectly to influence changes in heart rate in a unique
way when compared to other beta blockers, the clinical

relevance is debatable and will now be discussed.
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1.7. HAEMODYNAMIC EFFECTS OF BETA BLOCKERS -

WITH AND WITHOUT ISA.

The effect of beta blockers on cardiovascular
haemodynamics has been investigated in a number of

situations.

Beta blockers are known to diminish heart rate and
to reduce the positive inotropic effects of sympathetic
activity, this leads to a reduction in left ventricular
contractility and consequently a fall in cardiac output.
These effects‘are aggravated by an increase in left
ventricular afterload which is caused by blockade of the
peripheral vasodilator beta, receptors with resultant
vasoconstriction énd indirect reflex vasoconstriction
secondary to the reduction in left ventricular

contractility.

Theoretically itAwould be expected that a beta
blocker possessing significant ISA would offset these
effects by providing direct positive inotropic stimulation,
causing a smaller reduction in heart rate and by
stimulating peripheral vasodilator Beta, receptors thereby

reducing the rise in left ventricular afterload caused by

pure beta blockade.

In a comparison of pindolol, atenolol and
propranoloi on haemodynamics of dogs, Clark (45),

administered each drug followed by a dose of isoprenaline,



to assess the degree of beta blockade. The beta blockers
1acking ISA produced significant reductions in cardiac
output whereas pindolol produced small increases.

Changes in total peripheral resistance occuring in response
to each drug were inversely proportional to the changes in
catdiac output, since blood pressure remained constant.
These results have been confirmed in healthy human

volunteers and in patients with ischaemic heart disease.(22)

Using intravenous administration in patients with
ischaemic’heart disease, Svendson (46) found that the
reduction in cardiac output was attenuated by beta blockers
witt ISA. For example, cardiac output was reduced by
26-28% by propanolol and atenolol, 12-177 by practolol
(moderate ISA) and was not altered by pindolol. In another
short-term intravenous study the effects of four beta
blockers were compared in subjects with severe coronary
artery diseaée - a11~four drugs caused a reduction in
cardiac output, but oxprenolol and practolol (with ISA)
produced significantly less depression than propranolol or
metoprolol. However, in a‘longer term study over 7 weeks
comparing oxprenolol and propranolol in hypertensive
sub jects, Franciosak(47) could not demonstrate any
significant difference in haemodynamic parameteré between
both drugs. It may be that if a drug with a greater
potency of ISA were used in long-term studies a more
attractive haemodynamic profile would be found when
compared with beta blockers without ISA., In this respect,
Man in't Veld et al (48,49), investigated the effects of

chronic oral therapy with pindolol in patients severely



disabled by orthostatic hypotension and confirmed that
heart rate, stroke volume, cardiac output and mean arterial

pressure were increased by pindolol.

Systemic vascular resistance has been shown to
fall to a greater extent after treatment with oxprenolol
or pindolol (with ISA) when compared to propranolol in
numerous studies in patients with CAD (50,51) and
hypertension. (52) In general, beta blockers without ISA
cause an increase in systemic vascular resistance by direct
blockade of vasodilator Beta; receptors in arteriolar
vessels, together with an.indiréct reflex vasoconstriction
mediated_through Alpha, adrenoceptors resulting from a
reduction in left ventricular contractility. Systemic
vascular resistance falls when a beta blocker with ISA is
given because vasodilation occurs due to stimulation of

the Beta, vasodilator receptors.

Therefore, beta blockers with ISA may have value in
minimising the haemodynamic disturbance associated with

blockade of cardiovascular sympathetic drive.

Left Ventricular Function and Beta Blockade.

In addition to the probable haemodynamic benefits
of a beta blocker with ISA, myocardial contractility has
also been assessed. It has been suggested that left
ventricular contractility in animals and humans may be
impaired to a lesser extent with beta blockers possessing

ISA. (51,53,54) However, it would be misleading to suggest



that beta blockers with ISA cannot compromise left
ventricular function, as it has been shown that cardiac

contractility can fall with pindolol.

Different methods of investigating left ventricular
performance have been used in the assessment of pindolol on
these parameters, including thermodilution (46,55), dye
dilution (56), measurements of systolic time intervals (57),
echocardiographic techniques (58) and more recently
measurement of left ventricular ejection fraction and other
parameters of left ventricular contractility by radio-
huclide methods. (59,60) These latter methods tend to be
more reliable and reproducible than the previous techniques.
In general, but not consistently, these studies suggest
that the depressant effect of pindolol on left ventricular
performance is less than that of propranolol. However, one
factor shared by most studies on myocardial performance is
that only relatively short treatment periods were used.
Thus, we still do not have information regarding the
long-term effects of pure beta blockers or those with ISA
on left ventricular function. As most patients with
ischaemic heart disease or hypertenéion are treated with
beta blockers on a long-term basis, it is important to
determine the effect on left ventricular performance over
an extended period of treatment. Perhaps this may reflect

‘'some further advantage of ISA,

The choice of patient in whom the drug is studied
is also important as this can alter interpretation of the

results, For example, in patients with normal or near




normal left ventricular function, some studies have shown
that oral administration of propranolol does not
significéntly influence resting global or segmental left
ventricular function using radionuclide techniques. (61-63)
In a separate study of patients with moderate to marked
left ventrcular dysfuntion, a significant reduction in left
ventricular ejection fraction was observed in a group
treated with a pure beta blocker, (64) This would imply
that if ISA has any beneficial effect on left ventricular
performance, it would be most evident in patients with

impaired left ventricular function before commencing therapy.

Pure beta blockers cause a reduction in the heart's
pump capability secondary to a reduction in the myocardial
force of contraction and an excessively slow heart rate.
In the healthy heart, stroke volume is more dependant on
sympathetic drive than contractility. In the failing
heart, stroke volume is more dependent on éontfactility
and pump function may only be adequate in the presence of
compensating sympathetic excitation. Pure beta blockers
will suppress this excitation and may precipitate
myocardial insufficiency. To compound the situation, in
addition to contractility, the increase in heart rate
required to compensate for the reduction in stroke volume
is also inhibited, and pure beta blockers will block
peripheral vasodilator Beta: recepﬁors causing a tendency
to vasoconstriction and an increase in systemic vascular
resistance. It is probable that in the failing heart, a

beta blocker with ISA would be less likely to cause these

effects.



1.8. CLINICAL APPLICATIONS OF BETA BLOCKERS WITH ISA.

Ischaemic Heart Disease.

Beta blockers are one of the major drug groups
used in the medical management of angina pectoris. The
rationale behind their use lies in their ability to reduce
myocardial oxygen demand. The major determinants of
myocardial oxygen demand are heart rate, systolic blood
pressure, myocardial contractility, the duration of left
ventricular emptying or ejection, and ventricular size.
In the normal individual oxygen demand rises during
exercise due to an increase in heart rate, blood pressure
and contractility. Subsequently the oxygen supply is able
to increase as there is an increase in perfusion pressure
in the coronary arteries. However, if there is compromised
flow ih the large coronary arteries due to atheromatous
plaques or coronary artery spasm then perfusion pressure
falls and oxygen supply declines, resulting in myocérdial
ischaemia. Since a beta blocker can attenuate the heart
rate, blood pressure and contractility response to exercise
or emotional stress then they are capable of maintaining
myocardial oxygen demand within the limits allowed by the

diseased supply vessels.

Since beta blockers with ISA will only reduce
heart rate at times of increased oxygen demand (42,43) it
could be argued that subjects with rest or nocturnal

angina would not be suited to these drugs and would



benefit more from a pure beta blocker. One recent report
from Quyyumi et al (65