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Regulation mechanism of heartbeat rate, shocked blood
volume, and their formation heterochronousity among
small laboratory animals

B. I. Vakhitov'*, I. Kh Vakhitov!, A. H. Volkov?, S. S. Chinkin?

ABSTRACT

Objective: The purpose of this study was to study the peculiarities of HR, SVB, and the mechanisms of their regulation
development among rats from the 1st day of life and up to the age of 70 days. Methods: The method of tetrapolar
thoracic rheography was used to determine the HR and shock volume of blood (SVB). The principle of impedance
electroplethysmography method is to record the oscillations of the complex electrical resistance (impedance) of a bioobject for
high-frequency current; the fluctuations of resistance are proportional to the changes in blood supply. Results: In experiments
on white mongrel laboratory rats, it was established that from the Ist day of life to the age of 70 days, the periods of the
greatest change in the heart rate of rats alternate with the stages of a significant increase in the shock volume of the blood.
In the mechanisms of regulation of the shock volume of blood in rats, the sympathetic regulatory effect is manifested much
earlier than the parasympathetic. Conclusion: However, in the future, their ratio changes somewhat: A more pronounced
sympathetic regulatory effect on UCS persists up to 70 days of age, whereas from the 8-week-old age, the parasympathetic
effect is significantly reduced.
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INTRODUCTION HR and stroke volume of blood development.
A significant number of works is also devoted to the

study of mechanism development regularities for
heart regulation in a developing organism.’'2l At
that, the dependence of heart chronotropic function
on the sympathetic and parasympathetic system
was studied in more detail. However, up to now,
the researchers have no common opinion on the
development of mechanisms for the regulation
of heart chronotropic function in a developing
organism. Moreover, the features of the sympathetic
and parasympathetic parts of the autonomic nervous

The mechanisms of heart pumping function regulation
are studied by most researchers under the conditions
of model experiments on animals. A significant
number of studies is devoted to the heart rate (HR)
regulation mechanisms in a developing organism.
They studied the changes of HR and stroke volume
of blood (SVB) in a developing organism via. Shock
volume of blood (SVB) in a developing organism
via.’®! Numerous studies are devoted to the study of
heart functions in various physiological situations.
Motor activity is an important factor of heart functional

improvement in ontogenesis. system development during the regulation of the
shock volume of blood in a developing organism
However, the obtained data are fragmentary, and remain almost unexplored.['*!4

there is no holistic view on the peculiarities of
The purpose of this study was to study the peculiarities
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METHODS OF RESEARCH

The method of tetrapolar thoracic rheography was used to
determine the HR and shock volume of blood (SVB). The
principle of impedance electroplethysmography method
is to record the oscillations of the complex electrical
resistance (impedance) of a bioobject for high-frequency
current; the fluctuations of resistance are proportional to
the changes in blood supply. These changes in resistance
enhanced by electronic devices and recorded graphically
form a curve called rheogram (flow).

The method has a number of undeniable advantages:
Non-invasiveness and promptness, continuity and
any duration of observation, technical simplicity
and absolute atraumaticity, and the possibility of
measurements at free breathing.*

Thoracic tetrapolar rheography was used as a basic
medical technique in the complex “Reodyne-500.”
The developed algorithm for the automatic evaluation
of hemodynamic parameters allows to localize all
phase structures of the bioimpedance signal without
operator intervention. The necessary reference
points of the signal (the beginning of the systolic and
diastolic waves, the end of the expulsion period, the
maxima of the systolic and diastolic waves, and the
end of the expulsion period) change with an error
of no >1.0% relative to a highly qualified expert
markup.

The differentiated rheogram was recorded among
the rats with administered sodium pentobarbital
(40 mg/kg) and natural respiration using “RPG-204”
device. To study the sympathetic effects on the pump
function of the rat heart, 0.1% obsidian solution was
injected into the jugular vein through the catheter at a
dose of 0.8 ml/100 g. 0.1% solution of atropine sulfate
was injected to block the parasympathetic effects. The
severity of sympathetic and parasympathetic influences
on the pumping function of the rat heart was assessed
by the shifts of HR and SBV after the pharmacological
blockade of the corresponding receptors.

Table 1: The changes of HR and SVB among rats,
from birth to 70 days of age

Age (days) n(am) HR (beats/min) SVB (ml)

1 8 303.67+15.1 0.012+0.006
7 9 351.7+417.3* 0.03+0.006

14 9 380.9+19.3 0.045+0.007*
21 8 459.7+17.7* 0.052+0.007
28 8 471.5£19.3 0.069+0.009*
35 13 470.1£13.5 0.091+0.009
42 14 438.77+11.8 0.121£0.011%*
49 11 429.1£15.5 0.142+0.009
56 12 414.1£14.1 0.165+0.007*
63 11 418.5+14.8 0.201£0.007%*
70 14 417.39+14.1 0.221£0.008

*Reliability of changes as compared to previous age (P<0.05). HR: Heart rate
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STUDY RESULTS AND THEIR
DISCUSSION

In the process of rat natural growth and development,
the HR does not change unidirectionally. Thus,
during the first 5 weeks of animal life, there is a
persistent increase of the HR [Table 1]. It should be
noted that the rate of increase in HR is not the same.
A significant increase in HR in rats is observed
at 1-3 weeks of life, where the HR increase was
48.1 £7.8 and 65.4 = 8.9 bpm, respectively (P <0.05).
At the 2™ and the 4™ week of life, the HR increase
among rats was less pronounced and amounted to only
24.6 +7.6 and 9.2 + 7.7 beats/min. Consequently, ring
the first 5 weeks of life, the periods of a significant
HR increase among rats, alternate with the stages of
less pronounced HR changes. Later, starting from the
6™ week of rat life and up to the 10™ week of age, a
steady decrease of the HR was observed.

The shock volume of blood increases among the rats
from the 1 day of life and up to the age of 70 days.
At the same time, the rates of systolic ejection growth
are not the same. A significant increase of SVB among
animals was observed only at the 2™, 4% 6% 8% and
9% weeks of life by 0.012 + 0.005, 0.018 + 0.007,
0.026 £ 0.004, 0.026 + 0.005, and 0.033 £+ 0.007 ml
(P < 0.05), respectively. Thus, there is a significant
increase of SVB after every 2 weeks of animal life.

The comparative analysis of HR and SVB changes
among rats, from the 1* day of life and up to the age
of 70 days, indicates that the periods of the greatest
HR change alternate with the stages of the shock
volume of blood significant increase. Consequently,
it can be argued that the HR and the shock volume
of blood among rats vary at different times,
i.e., heterochronically.

The introduction of a-adrenoreceptor blocker - obsidian
not at all stages of animal life led to a significant
reduction of HR [Table 2]. A significant decrease of
HR for the administration of obsidian was observed
only at the 10-day age, where the HR response was
39.4 £ 11.4 beats/min (P < 0.05). Subsequently,
before the 5™ week of life, the response of the HR to
the administration of obsidian increased. However, it
became unreliable again from the 6" week of age. This
indicates that the sympathetic regulatory effect on HR
is reliably manifested at the end of the 2™ week of rat
life. In the future, its influence is greatly enhanced and
reaches its maximum values by the 4™ week of age.
However, among 6-week-old rats, the influence of the
autonomic nervous system sympathetic department
on the HR is significantly reduced. The introduction
of M-cholinoblocker - atropine caused a significant
increase of HR by 20.4 + 6.4 bpm among 6-day-old
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Table 2: Response of HR and SVB to administration of obsidan and atropine

Days n Original After the introduction of After the introduction of
obsidan atropine
HR SVB HR SVB HR SVB

1 8 303.6+15.1 0.012+0.003 293.9+12.4 0.008+0.001 316.0+8.1 0.014+0.005
7 9 351.7£17.3 0.031+0.006 336.1£12.6 00006+0.006* 371.2+8.2% 0.035+0.008
14 9 380.9£19.3 0.045+0.007 327.5+13.8* 0.016+0.003* 402.3+£8.4* 0.067+0.007*
21 8 459.7+17.7 0.052+0.007 393.9+13.1* 0.019+0.002* 471.0+£8.7* 0.079+0.007*
28 8 471.5+19.3 0.069+0.009 385.8+£12.8* 0.037+0.007* 495.4+8.8* 0.099+0.009*
35 13 470.1+13.5 0.091+0.009 429.0+13.1* 0.058+0.007* 495.3+8.9* 0.129+0.014*
42 14 438.7+11.8 0.121+0.011 403.6+£11.8* 0.083+0.007* 474.1£9.2% 0.165+0.017*
49 11 429.1+13.1 0.142+0.009 390.9+11.3* 0.104-£0.006* 459.549.0* 0.188+0.018*
56 12 414.1+14.1 0.165+0.007 398.7£11.5 0.129+0.008* 436.6£9.1 0.207+0.018
63 11 418.5+14.8 0.201+0.007 403.8+12.8 0.171£0.009* 443.849.2 0.241+0.02
70 14 417.3£14.1 0.221+0.008 399.6+13.3 0.191+0.01* 436.2+8.8 0.258+0.02

*Reliability of changes as compared to original data (P<0.05). HR: Heart rate

ones (P < 0.05). Subsequently, before the 6-week-
old age, the response of the HR to the administration
of atropine increased, and then, it decreased
significantly. Consequently, the parasympathetic
regulatory effect on HR begins to appear at the end
of 1 week of animal life and increases up to 6 weeks
of age. However, then, its influence on HR weakens
and becomes not authentic at the age of 43 days. Thus,
the parasympathetic regulatory effect on HR begins
to manifest significantly earlier than the sympathetic
one. However, there is the decrease in sympathetic
and parasympathetic regulatory effect on HR among
the 6-week-old rats, i.e. ,the desire of the body to self-
regulation is observed.

The sympathetic influence manifests itself much earlier
than the parasympathetic effect in the regulation of the
shock volume of blood. Thus, after the introduction
of obsidian, the SVB decreased significantly by
0.010 = 0.002 ml (P < 0.05) at the 4 days of age.
Consequently, the sympathetic regulatory effect on
SVB begins to appear already in the middle of 1 week
of rat life and with some changes increase to 7 weeks
of age. Subsequently, there is a certain tendency to
decrease the sympathetic regulatory effect on the
shock volume of blood. A significant increase of the
shock volume of blood after the administration of
M-choline blocker - atropine was first recorded in the
14-day-old age. Consequently, the parasympathetic
regulatory effect on SVB began to appear only by
the end of the 2" week of rat life. Later, its influence
gradually increases and reaches its maximum value
by the age of 7 weeks. The reaction of SVB on the
administration of atropine at the age of 49 days was
0.048 = 0.009 ml (P < 0.05). However, then, the
parasympathetic regulatory effect on SVB began to
weaken and starting from the 8" week of rat life; the
reaction of SVB to atropine was not reliable. Thus,
in the regulation of the shock volume of blood, the
sympathetic regulatory effect is manifested much
earlier than the parasympathetic one. Further, during the
2™ and the 3" weeks of the animal life, the sympathetic
and parasympathetic regulatory effect on the SVB is
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expressed approximately equally. However, in the
future, their ratio slightly changes: A more pronounced
sympathetic regulatory effect on SVB persists up to the
age of 70 days, whereas since the age of 8 weeks the
parasympathetic effect is significantly reduced.

CONCLUSIONS

1. During the first 5 weeks of life, there is a significant
increase of HR among rats. Later, a steady decrease
in the HR was observed starting from the 6" week
of rat life to the 10" week of age.

2. In the process of animal natural growth and
development, a significant increase of cardiovascular
activity occurs every 2 weeks of rat life.

3. The parasympathetic regulatory effect on HR of
rats begins to manifest significantly earlier than
sympathetic one. However, from the 6-week-old
age, there is the decrease in sympathetic and
parasympathetic regulatory effect on rat HR.

4. During the regulation of the shock volume of
the blood, the sympathetic regulatory effect is
manifested much earlier than the parasympathetic
one.
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