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'Abstract:

The changes in the physiological properties of the sinoatrial

node which follow a programme of exercise trainjng have been examined in

the rat. The influence on the intrinsic sinoatrial frequency (ISF) of,
altered levels of autonomic nervous activity accompanying the physical

training has been studied in two series of experiments combining daily

pharmacological agents with ten weeks of treadmill exercise. The first

series (Study I) examined the influence on the ISF of the increased

parasympathetic activity reported in the trained state by blocking with. .')

atropine or stimulating with carbachol the receptors of the parasympa­

thetic system in the heart. The second series (Study 2) examined'the

influence on the ISF of the in~reased sympathetic activity which occurs

during exer€ise by stimulating with noradrenaline or isoprenaline, or

blocking with propranolol the receptors of the sympathetic system in the

heart. Th~ content of potassium (K) and sodium ,(N,) in the plasma and

myocardium WE!re measured in all animals at the completion of the ten week

period, and an ~stimate of electrophysiological changes was de~ived from
'+ t +the plasma to myocardial K ratio (Ko/Ki ). In addition, the chronotropic

response of the sinQatrial node to acetylcholine and noradrenali.ne was

. examined in vitro for all animals in Studies 1 and 2. The chronotropic

responses of the' sin~atrial node to exercise and noradrena}ine were

further explored ln the In vivo experiments of Study 3..

In Study 1, ISF was reduced'with training. Blockade of the

parasympathetic receptors with atropine also reduced' 15F t and the effects
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\ .
of exercise and atropine appeared to be additive. Stimulation of the

parasympathetic receptors with carbachol had little effect on ISF. In

Study 2, stimulation of the sympathetic receptors with either noradrenaline

or isoprenaline caused a reduction in ISF, but when combined with exercise,

no reduction occurred. Sympathetic receptor blockade with propranolol

•reduced ISF, and propranolol plus exercise also reduced ISF. It appears

that the exercise-induced reduction of ISF was not a consequence of

increased parasympathetic activity in the trained state, or of increased

sympathetic activity during exercise. The K~/K~ was reduced with training.

This was consistent with a more negative maximum diastolic repolariz4~ion,

+ + .
and a reduced ISF. The Ko/Ki of the drug treated ~ups indicated that.
ISF was probably reduced through factors other than a more negative ma~imum

diastolic repolarization. No difference was found in the sensitivity of

the atria of any group to acetylcholine ~ vitro. Increased chronotropic

sensitivity to noradrenaline was found ~ vitro in the two chronically

noradrenaline treated groups. The maximum response to nora~renaline was
t{j

'feduced in vitro. The maximum cardiac frequency in response to either

exercise or noradrenaline infusion ~ vivo was also reduced. This

reduction of maximum frequency in both the atria and the intact heart

was observed to be positively correlated with the 15f, thus those hearts

with a low ISF obtained a low maximum frequency. This pbservation led

to the proposal that electrop~~iological properties of the sinoatrial

node which establish the ISF are also involved in imposing a limit on the

maximum sinoatrial frequency.
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I: INTRODUCTION

The sinoatrial node is the pacemaker of the heart. In the absence

of n~ral influences on the sinoatrial node, the property of autorhythmicity

of (he sinoatrial cells maint~ins cardiac contraction at a frequency deter-

mined solely by the intrinsic properties of the sinoatrial cells. This

discharge frequency of the denervated sinoatrial node 1s defined as the

intrinsic sinoatrial frequency (ISF).

The ISF can be determined in man by the pharmacological blockade of

the receptors fqr the sympathetic and parasympathetic nervous activity to
~

the sinoatrial node. This was first accomplished by Jose (1966) employing

atropine, a muscarinic (parasympathetic receptor blocker) in combination
~

with propranolol, a beta-adrenergic (sympathetic) receptor blocker. In

animals, sympathetic and parasympathetic nervous activity to the heart may

be interrupted by pharmacological receptor blockade (Jose and Stitt, 1969;

Donald and Samueloff, 1966) or by surgical denervation (Cannon, Lewis and

Britton, 1926; Cooper et al, 1961). The heart has also been investigated
-

in the isolated organ bath to study intrinsic properties of the sinoatrial

node (Bolter, Hughson and Critz, 1973).

In 1967, Sutton et ~l (1967) studied the ISF in a group of young

men by the method of Jose (1966). These investigators observed a wide

range of values of ISF and noted the lowest values to be in a group of

highly trained endurance athletes. Sutton further observed a significant

correlation between the ISF and the maximum aerobic capacity throughout

the entire group. To show that ISF was related to the fitness level of an

individual, Sutton et al (1967) trained a group of young men and observed
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that a reduction in ISF accompanied the anticipated increase in aerobic

capacity.

More recent animal experimen~ation has confirmed the findings of

Sutton et a1 (1967). Lin and Horva th (1972) found a lower ISF ina group

of SWlm trained rats than in inactive controls. Bolter, Hughson and Critz

(1973) observed the ISF In the lsolated right atrlum of swim tralned rats

to be lower than inactive controls. These findings suggest that some

aspect of physical training is responsible for the observed reduction in

ISF, but no studies have examined this problem.

In this thesis the question of the reduction of ISF with physical

tralning nas been investigated. Raab (1969) postulated that changes ln

the autorhythmicity (ISF) of the sinoatrial node may result from altera-

tions in the balance of autonomic nervous activity. The relative impor-

tance of the parasympathetic or sympathetic nervous activity was not

. .

apparent to Raab (1969) from his review of the literature. It was

ted, therefore, that "the autonomic nervous effects of the acts of

cislng and the resulting"state of being trained"l should be studied

sug9resl'
\exer- \

\

-I

1

independently to assess the relative,influence of each on the ISF: An
\
I

increase ln resting parasympathe~i~nervous actlvity is the major change

in autonomic nervous control of the hear~ associated wlth the state of

being tralned (Hall, 1964; Tipton and Taylor, 1965; Bolter, Hughson and

Critz, 1973; Ekblqm, Kilborn and Soltysiak, 1973). and in increase in
•

sympathetlc activity is, the major change iJ1 autonomic nervous control of

the heart associated with exercise (Vendsalu, 1969; Ekblom, Kilbom and

1. Raab, W. (1969) t1yocardlal electrolyte derangement: cruclal
feature of pluricausal, so-called coronary, heart disease. Ann. N.Y. Acad.
Sci. 147: 629-686 p. 658.
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Soltysiak~ 1973). Based on these changes in a~nomic activity associated

with the two components of physical training (the state of being trained

and the act of exercise)~ this thesis first examined the reduction of ISF

in terms of altered autonomic nervous balance. Study 1 and Study 2 were

designed to investigate the following questions:

(1) Study 1: Does an increase in resting paras~pathetic nervous

activity in the trained state act on the sinoatrial

node to produce the exercise-induced reduction of

ISF?

(2) Study 2: Does the increase in sympathetic nervous activity

during physical exercise act on the sinoatrial node

to produce the exercise-induced reduction of ISF?

These were the first questions asked in thi~'thesis~ and will be

examined in detail in the Discussion under the headings: "Study 1: Para-

sympathetic Influences on ISF"'~ and "Study 2: Sympathetic Influences on

ISF". The questions were ,investigated by the combination of treadmill

exercise training in the rat~ with stimulation or blockade of the parasym-

pathetic receptors of the sinoatrial node in Study 1~ and by the combina­

tion of exercise training with stimulation or blockade of the sympathetic

receptors of the ~inoatrial node in Study 2. This thesis has employed

treadmill exercise in contrast with the previous investigations employing

swimming training of Lin and Horvath (1972) and Bolter~ Hughson and Critz

(1973) since swimming is associated with possible alterations in autonomic

activity and change~ in body temperature independent of the ~xercise. 'as

will be described in the Discussion.

ihe electrophysiological properties Qf the sfnoatrial nodal cells

must change with the exercise-induced ~eduction of ISF. Raab (1969) had

..
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