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The effects of atropine and β-adrenoceptor blockers on mean HR, wave structure of the
cardiac rhythm, and chronotropic reaction to noise stress were examined in cats. Atro-
pine (0.5 mg/kg) increased the mean HR and significantly decreased the spectrum power
of HF, LF, and VLF oscillations. The decrease in HF power was most pronounced, which
enhanced LF/HF ratio. Propranolol (0.5 mg/kg) decreased the mean HR and slightly
increased the power of HF, LF, and VLF oscillations. Atenolol (2 mg/kg) exerted similar
but more pronounced effects. β-Adrenoceptor blockers increased HF power to a greater
extent than LF and VLF power, which led to a decrease in LF/HF ratio. Atropine
markedly decreased the chronotropic reaction to stress. β-Adrenoceptor blockers pro-
duced no effect on the amplitude of this reaction, but accelerated restoration of initial
HR. It is established that the changes in power spectrum of HR and the phase reflex
reactions in cats are mediated by parasympathetic influences; the sympathetic system is
involved only in the control of mean HR, probably in response to the level of animal
activity. The changes in LF/HF ratio during blockade of sympathetic and parasympathetic
systems are caused by opposite influences of these systems on HF oscillations, but not
by hypothetic “sympathetic” and “parasympathetic” nature of LF and HF oscillations of
the heart rhythm.
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Usually, two types of cardiotropic nervous influ-
ences are distinquished: tonic and phasic. The tonic
influences control mean HR, while phasic ones mo-
dulate the short-term changes in HR in response to
emotional and physical stress and to stimulation of
various reflexogenic areas. However, the cardiac
rhythm is not stable. Its variations can be characte-
rized by oscillations at various frequencies, so it is
possible to consider three components of nervous

cardiotropic regulation: tonic, phasic, and wave-
like. In the last decade, spectral analysis of sponta-
neous oscillations in the heart rhythm became one
of the most popular avenues of cardiology. How-
ever, none of three branches of nervous regulation
of HR (most of all, sympathetic and parasympathe-
tic ones) were studied comprehensively. There is
no consensus on the role of both systems in the
origin of slow oscillations of the cardiac rhythm
[2,6,10,11]. In this field, the experimental studies
on animals are far behind the clinical observations.
Specifically, pharmacological analysis of HR varia-
tions was rarely carried out on animals. There are
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few studies on dogs [9], rabbits [7,12], and rats [4],
but we found no related data on cats.

Our aim was to study the role of sympathetic
and parasympathetic systems in the regulation of
mean HR, spectrum power of HR oscillations, and
the phasic reactions of HR in cats. As a rule, the
sympathetic and parasympathetic influences are
considered as adrenergic and cholinergic, respecti-
vely. This opinion is widely accepted, but it is not
proved, because there are ample data on the exist-
ence of catecholaminergic cells in the heart that are
innervated by the vagal fibers. Since there are no
data on the role of these cells in the wave structure
of cardiac rhythm, we adhered to the above tra-
ditional postulate.

MATERIALS AND METHODS

The experiments (n=59) were carried out on 17
mature cats of both sexes. The animals were placed
in a screened case, where it could freely change the
posture. Two rubber strips with four steel electro-
des were attached to the thorax. ECG in three stand-
ard leads or three amplified leads was recorded
from the extremities. To eliminate drift of the iso-
line, the first derivative of ECG was also recorded.
The signals were fed to the ECG module of a P4Ch-
02 polygraph, then to an amplifier of a 12-bit di-
gitizer, and finally to a PC. In all channels, the
sampling rate was 1 kHz, the recording time being
2 min. The noise stimulus (metal plate crash) was
used as a short-term stress, which induced pronoun-
ced vocalization and motor response of the animals.
Subcutaneous atropine sulfate (0.5 and 1.0 mg/kg)
and intramuscular β-adrenoceptor blockers propra-
nolol (Obsidan, 0.5 mg/kg) or atenolol (2 mg/kg)
were used to block parasympathetic and sympathetic
influences, respectively.

The initial ECG was recorded for 1 h with 10-
min intervals (in some experiments, the record time
was prolonged to 4 h to assess adaptation of the
animals to the experimental conditions). After sta-
bilization of cardiac rhythm under resting con-

ditions, the test agent was injected, and ECG was
recorded with 10-min intervals during the following
1 h. Only one drug was used in each experiment.
The noise stress was induced immediately before
and 50 min after the injection. The intervals be-
tween the experiments in one animal were not shor-
ter than 3 days needed for complete elimination of
the drugs [3,5].

The data were processed using Statistica soft-
ware. Significance and correlation were assessed by
Student test and Pierson coefficient, respectively.
Spectral analysis was performed by FFT method
with preliminary subtraction of the mean, elimina-
tion of the trend, and employing Hemming window
(5 points wide). The power spectrum was subdivi-
ded into high-frequency (HF), low-frequency (LF),
and very-low-frequency (VLF) ranges. HF range
corresponded to 0.22-1.20 Hz, which was the range
of respiratory rhythm observed in our experiments
(QRS amplitude recordings [2] completely coinci-
ded with the pneumograms documented in some
experiments). The frequency ranges of LF and VLF
were 0.04-0.22 and less than 0.04 Hz, respectively
[8]. In each frequency domain, the power of oscil-
lations was calculated and termed conventionally as
HF, LF, and VLF. The power percentages in com-
parison with the total spectrum power and the LF/
HF ratio were also calculated.

RESULTS

The initial parameters of the heart rhythm (mean
RR interval, σ, HF, LF, and VLF) were characterized
by pronounced individual variations (Table 1, Fig.
1, a, b), although some regularities could be re-
vealed. The most stable and powerful spectrum
component was HF (respiratory) rhythm observed
in all animals. By contrast, LF and VLF compo-
nents were less regular and stable. Probably, in
addition to nervous influences, sporadic changes in
the heart rate during swallowing [2], vocalization,
motor and other reactions of the wakeful animal
contribute to these two low-frequency components.

TABLE 1. Initial Parameters of Cardiac Rhythm (n=167)

RR 397.6 236.5 652.0 79.3 6.07

s 34.8 8.0 127.3 22.7 1.74

VLF, % 13.0 2.7 40.7 7.2 0.55

LF, % 28.7 11.0 48.2 8.2 0.63

HF, % 58.3 29.8 83.7 12.4 0.96

Note. VLF, LF, and LF are given in percent of total spectrum power. M, SD, and m denote the mean, standard deviation, and standard
error of mean, respectively.

Parameter mSDMaxMinM
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There was a significant correlation between mean
RR value and spectral structure of cardiac rhythm:
the correlation coefficients between RR and σ, RR
and VLF, RR and LF, RR and HF were 0.61, 0.31,
0.46, and 0.55, respectively. Thus, the lower HR,
the greater were spontaneous oscillations of HR,
especially in HF range (Fig. 1, a, b), and the larger
was their contribution into the total spectrum power.

Atropine increased HR and markedly decrea-
sed σ, HF, LF, VLF (Table 2, Fig. 1, a, c). In these
experiments, HF decreased most pronouncedly re-
sulting in relative growth of LF and VLF spectrum
power and elevation of LF/HF ratio. In contrast,
propranolol decreased HR and induced a small
elevation of σ, HF, and VLF, while increment of
LF was insignificant (Table 2, Fig. 1, b, d). HF
power increased most pronouncedly, which

elevated its relative contributed into the total spect-
rum and somewhat decreased LF/HF ratio.

Stress presented before injection of the test drugs
produced drastic shortening of RR intervals fol-
lowed by their slow recovery (Fig. 2). Atropine
efficiently inhibited this drop, while propranolol
produced no significant effect. However, propra-
nolol accelerated restoration of the initial rhythm,
which was assessed by percentage of restoration of
RR initial value in 30 sec after stress stimulation.

To exclude the influence of such factors as
insufficient blockade of β-adrenoceptors or side
effects of propranolol (its central and quinidine-like
effects), we studied the effects of atenolol in a dose
of 2 mg/kg. This drug does not cross the blood-
brain barrier and exerts no quinidine-like effects.
Moreover, it is more resistant to presystemic elimi-

Fig. 1. Effects of atropine and propranolol on cardiac intervalogramms (I) and spectrum power of the heart rate oscillations (II). a, b)
initial plots; c) atropine; d) propranolol. The dash line in (I) shows the mean value. Ordinate and abscissa in (II) are spectrum power
(msec2/Hz) and frequency (Hz).
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Fig. 2. Modulation of noise stress response of the heart by atropine
and propranolol. Cardiac intervalogramms before (a) and after (c)
injections of atropine; before (b) and after (d) injections of the
propranolol. e) statistical values of RR response to stress before
(1) and after injection of atropine (2) or β-adrenoceptor blockers
(3).
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nation, which explains its higher serum concentra-
tion [5]. The effects of atenolol on cardiac rhythm
parameters were more pronounced that those of

propranolol (Table 2). Atenolol produced a more
pronounced decrease in HR and greater increase of
σ, HF, LF, and VLF. HF power increased to the
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greatest degree (by 72.7% baseline value). The
LF/HF ratio decreased respectively. Similarly to
propranolol, atenolol did not moderate the response
of the heart to stress and accelerated restoration of
HR after stress stimulation: in 70.6% cases, the re-
storation of RR-interval was greater with β-adreno-
ceptor blockers than without them (Fig. 2, b, d).

Thus, cat heart is under both intensive para-
sympathetic tonic cardiotropic influences (attested
by pronounced elevation of mean HR by atropine)
and markedly expressed sympathetic tonic influen-
ces on the heart as indicated by significant decrease
of HR by propranolol and by even a greater depres-
sion of HR by atenolol. In cats, spontaneous oscil-
lations of the heart rate at all frequencies are mostly
(if not exclusively) caused by parasympathetic in-
fluences: both total dispersion and the power com-
ponents HF, LF, and VLF are severely suppressed
by atropine, although these parameters do not de-
crease and even somewhat increase after injection of
β-adrenoceptor blockers. The LF/HF ratio is widely
used as the index of sympathetic/parasympathetic ba-
lance. It is considered that this ratio increases (de-
creases) during enhancement of sympathetic (para-
sympathetic) influences. This view explains slow
and respiratory oscillations by their sympathetic
and parasympathetic origin, respectively [6,10]. In
our experiments, blockade of parasympathetic in-
fluences with atropine increased LF/HF ratio, while
inhibition of sympathetic control with β-adreno-
ceptor blockers decreased it (Table 2). However,
these changes did not result from unilateral phar-
macological effect on nominator or denominator by
any drug. Indeed, atropine decreased and β-adreno-
ceptor blockers increased all spectrum components,
although HF-component was affected most prono-
uncedly. Thus, LF/HF ratio reflected the sympathe-
tic/parasympathetic balance, but only under the spe-
cific experimental paradigm when both subdivi-
sions of the autonomic nervous system exerted
predominant and opposite effects on the respiratory
waves. Similar effects were reported for humans
[1,10,11]. The mechanism of the increase of HF
spectrum components under the effect of β-adreno-
ceptor blockers is not clear. We believe that in cats
it is not mediated directly by central influences,

which was reported elsewhere [1], because atenolol
does not enter CNS, although the indirect (reflex)
influences in response to hemodynamic changes
induced by β-adrenoceptor blockers are possible.
The reaction to severe stress is also mediated by
parasympathetic system. This is also true for other
phasic changes in the HR: sporadic changes of
cardiac rhythm during swallowing, vocalization,
motor and other reactions affect the low-frequency
spectral components of HR, while atropine (but not
β-adrenoceptor blockers) eliminates these compo-
nents, which therefore should be parasympathetic.
At the same time, duration of the reaction to stress
stimulation (manifested as residual enhancement of
HR) probably depends on sympathetic influences:
rapid short-term drop of parasympathetic tone can be
replaced by a delayed long-term enhancement of
sympathetic one.

Thus, parasympathetic system in cats can play
a role of “system of reactions”, while the sympathe-
tic system — “system of states”. According to this
view, the sympathetic influences can be involved
only in the formation of the mean HR, while the
parasympathetic influences induce phasic and spec-
tral changes against this background.
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