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Peculiarities of Regulation of Heart Rate
and Stroke Volume in Rats during Ontogeny
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Changes in heart rate and stroke volume after successive blockade of cardiac adreno-
and cholinoceptors were examined on rats of different age. It was established that
irrespective of animal age the heart rate remained unchanged under conditions of total
adreno- and cholinergic blockade of the heart. Stroke volume under conditions of total
adreno- and cholinergic blockade increased with age.
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Adrenergic and cholinergic mechanisms regulating
pumping function of the heart during ontogeny under
conditions of muscle training and hypokinesia are
extensively studied [2-6]. At the same time, the
degree of changes in functional state of adrenergic
and cholinergic receptors during physical exercise,
and changes in heart rate (HR), stroke volume (SV),
and cardiac output (CO) at rest and under the effect
of muscle training and hypokinesia requires further
investigation.

Here we examined the peculiarities of adre-
nergic and cholinergic mechanisms of regulation of
the pumping function of the heart and the respon-
ses of HR, SV, and CO to successive and relatively
complete blockade of adrenergic and cholinergic
receptor structures in the heart.

MATERIALS AND METHODS

The experiments were carried out on 21-, 30-, 42-,
49-, 70-, and 100-day old albino rats (n=182) narco-
tized with chloral hydrate (40 mg/kg body weight)
kept under conditions of unrestricted motor activity
and on 70-day old rats subjected to regular muscle
training (swimming) as described previously [1].

Laboratory of Physiology of Physical Training, Tatar State Humani-
tarian Pedagogical University, Kazan

Differentiated rheogram was recorded using a
4RG-2M rheograph coupled with a MacLab-4e di-
gitizer (ADInstruments). The results were analyzed
using original software. Needle electrodes were
fixed subcutaneously.

Changes in the pumping function were exa-
mined after successive injection of the test agents
into the femoral vein: selective [3;-adrenoreceptor
(AR) blocker atenolol (0.2 mg/kg), non-selective
B-AR blocker propranolol (0.8 mg/kg), selective
o,-AR blocker prazosin (Adversuten, 0.2 mg/kg),
non-selective oi-AR blocker phentolamine (0.5 mg/kg),
and muscarinic cholinoceptor blocker atropine
(0.6 mg/kg). Each blocker was injected against the
background of pronounced effect produced by the
previously applied agent. SV was determined using
a modified method of tetrapolar rheography [1].

The data were analyzed by Student’s ¢ test.

RESULTS

The group of rats trained for 70 days demonstrated
the lowest HR (41.6 bpm) resulting from the block
of B,-AR (p<0.05, Table 1). Propranolol injected
against the background of B,-AR blockade chan-
ged HR depending on animal age: decreased this
parameter in young animals (up to the age of 42
days), but increased it in older rats (from the age
of 49 days). Prazosin injected against the back-
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ground of propranolol decreased HR in 21-day old
rats by 15.14 bpm (p<0.05); in 30-and 42-day old
rats HR decreased by 25.92 and 15.81 bpm (p<0.05),
respectively. The dependence of HR on «,-AR
decreased with age. Phentolamine produced diffe-
rent HR decrease in different age groups. The re-
sponse of HR to successive block of B-AR was
more pronounced than the response to similar block
of a-AR. In all age groups of rats with blocked
cardiac AR, atropine increased HR. In 21- and 100-
day old rats, it increased HR by 14.8 and 44.9 bpm
(p<0.05). In rats with muscarinic cholinoceptors
blocked against the background successive block
of cardiac B- and o-AR, HR remained at the same
level despite different age and muscle training (swim-
ming). Thus, HR does not significantly change in
rats with successive block of the adrenergic and
cholinergic influences irrespective of the differ-
ences in age and muscle training. It can be con-
cluded that the development of age-related and
exercise-related bradycardia results mainly from
changes in extracardiac adrenergic and cholinergic
mechanisms regulating cardiac function.

Successive block of B-AR with atenolol and pro-
pranolol decreased SV in 21- and 30-day old rats by
0.032 ml (Table 1). The block of a-AR with prazosin
and phentolamine decreased SV by 0.011 ml.

In 49- and 70-day old rats, B-AR blockade
decreased SV by 0.069 and 0.067, respectively
(p<0.05). The respective reactions of SV to the
block of o-AR were 0.011 and 0.015 ml (p<0.05).

In 100-day old rats, the block of B-AR produced
less pronounced changes in SV (0.013 ml) than
those induced by blockade of o-AR (0.025 ml).
Atropine increased SV in all groups of rats, and this
effect increased with age (p<0.05). SV was 2 times
greater in 70-day trained rats than in the rats with
unrestricted motor activity. During successive
block of adrenergic and cholinergic cardiac recep-
tors, SV increased with age. At the same time, the
dependence of SV on extracardiac influences de-
creased with age.

Thus, HR remains constant during ontogeny
under conditions of successive blockade of adre-
nergic and cholinergic cardiac receptors. By con-
trast, SV in rats with successive blockade of adre-
nergic and cholinergic cardiac receptors increases
with age.
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