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N. N. Alipov, O. V. Sergeeva, and V. M. Smirnov

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 141, No. 2, pp. 147-152, February, 2006
Original article submitted December 20, 2004

The coordinated nervous influences on HR and atrioventricular conduction velocity
(chronodromotropic coordination) were examined in wakeful cats. The wave structure
and reflex reactions of RR and atrioventricular (AV) intervals to stress noise stimulation
were studied under normal conditions and during the action of blockers of peripheral
receptors in ANS. Variations of both intervals had similar wave structure (power spec-
trum) and similar reactions to noise stimulus. Atropine pronouncedly decreased all
components of the spectra in the high, low, and very low frequency ranges. It eliminated
the reactions of both intervals to noise stimulation. In RR intervals, the high-frequency
spectrum component decreased more strongly than the low-frequency ones. By contrast,
in AV intervals atropine most greatly decreased the very-low-spectrum component, while
the high frequency was decreased less of all. Propranolol produced no effect on the
response to noise. It did not decrease components of the wave structure in both intervals,
except for the very-low-frequency peak of AV interval. The nervous chronotropic and
dromotropic influences were largely coordinated, although they were not obligatorily
parallel.
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Ample data are accumulated on the spectrum ana-
lysis and mechanisms of heart rate variation (re-
spiratory and low-frequency waves). In dogs, regu-
lar oscillations of the atrioventricular (AV) interval
were described together with waves corresponding
to the respiratory rate and slow oscillations of blood
pressure [11]. However, the spectrum analysis of
these oscillations was not carried out. The wave
structure of AV interval oscillations were examined
only in few papers [6-8,10]. The nature of these
oscillations was not studied in details, and the cor-
responding data on animals are absent. However,
the wave structure of AV interval oscillations and
its relevance to RR interval oscillations can be an
important characteristic of the state of AV node, the
dromotropic nervous influences, and chromodro-

motropic coordination reflecting fine mechanisms
of nervous control of the heart.

Our aim was to describe the wave structure of
AV interval oscillations in cats, to reveal its rela-
tionships to heart rate variations, and to study the
role of adrenergic and cholinergic influences in the
development of various elements of this oscillation
pattern.

MATERIALS AND METHODS

The experiments (n=59) were carried out on mature
male and female cats (n=17). The cats were places
in a screened chamber, where they can freely change
the posture. Two rubber strips were placed on the
thorax. Each strip had two steel electrodes, which
made the electrical contacts with the skin. ECG was
recorded by 3 standard or 3 amplified leads. The
first derivative of ECG lead with most pronounced
peaks was also recorded. The signals were fed to
an ECG-module of a P4Ch-02 Polygraph, 12-bit
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8-channel ADC, and PC. In all channels, the sam-
pling time was 1 kHz. The length of a single record
was 2 min. AV interval was measured as the dis-
tance between the reference points in P wave and
QRS-complex. In each experiment, these points
were chosen individually depending on peculia-
rities of the leads. For P wave, the reference points
could correspond to its onset, maximum, end, or the
maximum (minimum) of the first derivative. For
QRS-complex, the reference points corresponded to
Q or R waves, or to maximum (minimum) of the
first derivative. Preliminary experiments revealed a
strong correlation between the values of AV inter-
val calculated with various reference points, so the
spectrum of its oscillations did not depend on the
choice of these points.

In some experiments, a short-term stress noise
(a violent knock at the metal sheet) was applied,
which provoked a pronounced vociferation and
motor reaction. Atropine sulfate (0.5 and 1.0 mg/kg
subcutaneously) and β-adrenoblocker propranolol
(0.5 mg/kg intramuscularly) was used to block the
parasympathetic and sympathetic influences, re-
spectively.

Initial ECG was recorded every 10 min over 1
h; in some experiments, this period was 4 h (for
evaluation of adaptation to the experimental con-
ditions). After stabilization of the heart rate, the
drug was injected at rest, thereafter ECG was recorded
every 10 min over 1 h. Only one drug was injected
in each experiment. The stimulating noise was pre-
sented immediately before and 20-50 min after in-
jection of the test drug. In all animals, the intervals
between the experiments were no less than 3 days
needed to eliminate the drugs completely [4,5].

The data were analyzed statistically using Sta-
tistica software. Significance of differences was
assessed by Student’s t test and Pearson correlation
coefficient. The spectrum analysis was performed
using fast Fourier transform and 5-point Hemming
window with preliminary subtraction of the mean
level and elimination of the trend. The power spec-
trum was analyzed in the high-frequency (HF),
low-frequency (LF), and the very-low-frequency
(VLF) bands. According to QRS-amplitude analysis

[3], the HF band (0.22-1.20 Hz) corresponded to
the respiratory rhythm. It coincided with the pneumo-
grams recorded in some experiments. The frequencies
of LF and VLF bands were 0.04-0.22 and <0.04 Hz,
respectively [9]. The spectrum power density was
calculated in each band. In addition, the relative po-
wer of HF, LF, and VLF bands was calculated as
percent of the total power of oscillations.

RESULTS

There was a strong correlation between RR and AV
intervals (r=0.61). These values changed in a syn-
chronous manner. This was true for regular wave-like
oscillations and for spontaneous variations of RR
and AV intervals, which accompanied vociferation,
swallowing, and motor reactions (Figs. 1, a; 2, a).
The cross-correlation function between RR and AV
intervals showed that they oscillated strictly in the
same phase (Figs. 1, d; 2, d). This suggests that va-
riations of AV intervals have a neurogenic nature and
are not determined by myogenic chromodromotropic
dependence underlying the inverse proportionality of
AV interval to the period of the heart beats (if the
latter was true, both intervals would oscillate in anti-
phase). In all cases (n=16), the noise stimulation pro-
voked a step-wise drop of both intervals followed by
their slow restoration (Fig. 3, a, b).

The examined pharmacological preparations
produced similar changes in the wave structure of
RR and AV intervals (Table 1). Atropine markedly
decreased all wave components of RR interval: HF,
LF, and VLF decreased to 6.4, 9.6, and 21.2%,
respectively (Fig. 1). The wave components of AV
interval also decreased. The greater decrease was
documented for VLF band (to 38.2%) while the
smallest decrease was observed for HF band (to
49.8%). LF peak decreased to 46.6%. The less pro-
nounced effect of atropine on rapid oscillations of
AV interval (HFAV) in comparison with those of RR
interval (HFRR) can be explained by the fact that the
value of HFAV is affected by the casual deviations
of the reference point in P wave (inadvertent error
in the recording of surface ECG), which does not
depend on the action of pharmacological agents

TABLE 1. Effect of Atropine and Propranolol on Wave Structure of RR and AV intervals

Atropine 21.2±13.9 38.2±16.1 9.6±5.6 46.6±11.7 6.4±8.4 49.8±27.6

Propranolol 106.2±28.0 88.9±18.2 100.2±21.3 97.3±25.1 117.4±37.6 108.3±32.3

Note. The values are given in percentage of the baseline values (M±m).

Drug
AV intervalRR

HFLFVLF

AV intervalRRAV intervalRR
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Fig. 3. Effect of atropine and propranolol on the response to noise stimulation. Cardiac intervalograms before (a, b) and after injection
of atropine and propranolol (c, d), respectively. 1) AV interval, 2) RR interval.

(Fig. 1, a, e). However, this factor does not explain
the less pronounced effect of atropine on VLFAV

and possibly LFAV. It can be hypothesized that the
cholinergic influences play minor role in these oscil-
lations compared to their role in genesis of similar
oscillations of RR interval, although other reasons
cannot be excluded (for example, smaller sensiti-
vity of AV node to atropine). Propranolol did not
decrease the spectrum peaks of RR interval (Fig. 2).
By contrast, it significantly increased HFRR (to
117.4%). In addition, it slightly increased HFAV (to
108.3%) and produced a moderate, but significant
decrease of VLFAV to 88.9%.

The basic difference in the action of atropine
and propranolol on RR and AV-spectra focused on
the VLF peak: atropine exerted weaker effect on
VLFAV than on VLFRR, while the opposite was true
for propranolol. This findings can indicate the in-
volvement of the sympathetic nervous system into
generation of very-low-frequency oscillations of
AV interval, although other factors should also be
considered. Specifically, propranolol can exert a
central effect [2] or a tranquilizing action due to
suppression of autonomic components of emotional

stress [5] and the reflex effect on the heart in
response to decreased blood pressure [5]. In all
cases, the responses of RR and AV intervals to
noise stimulation were suppressed by atropine and
not by propranolol (Fig. 3).

Thus, in most cases the RR and AV intervals
varied synchronously. It was true for the regular
wave-like oscillation and for the responses to
acoustic noise. The role of adrenergic and
cholinergic influences in the control of RR and AV
intervals was also similar in many respects, which
follows from similar effects of atropine and pro-
pranolol on their spectral parameters and their re-
sponse to acoustic stimulation. However, this syn-
chronism was not absolute as indicated by the dif-
ferences in the responses of VLFAV and VLFRR to
the pharmacological agents. The later observation
is corroborated by the data on non-parallel and
even opposite changes of RR and AV interval to
various reflexogenic stimuli [1]. Therefore, it can
be concluded that regulation of the sinus node and
AV node is mediated via the independent but cor-
related mechanisms of nervous chromodromotro-
pic coordination.

N. N. Alipov, O. V. Sergeeva, and V. M. Smirnov



192

REFERENCES

1. N. N. Alipov, O. V. Sergeeva, and D . G. Izhogin, Byull. Eksp.
Biol. Med., 135, No. 5, 484-488 (2003).

2. V. M. Khayutin, M. S. Bekbosynova, E. V. Lukoshkova, and
S. P. Golitsyn, Kardiologiya, No. 1, 22-30 (1998).

3. V. M. Khayutin and E. V. Lukoshkova, Ros. Fiziol. Zh., 85,
No. 7, 893–909 (1999).

4. J. H. Brown and P. Taylor, in: Goodman and Gilman’s Phar-
macological Basis of Therapeutics, 10th ed., New York (2001),
pp. 155-173.

5. B. B. Hoffman, Ibid., pp. 215-268.

6. P. Kowallik, R. F. Jr. Gilmour, S. Fleischer, and M. Meesmann,
Clin. Sci. (Lond.), 91, Suppl., 58-61 (1996).

7. P. Kowallik and M. Meesmann, J. Cardiovasc. Electrophysiol.,
6, No. 11, 993-1003 (1995).

8. C. T. Leffler, J. P. Saul and R. J. Cohen, Ibid., 5, No. 1, 2-15
(1994).

9. H. Nagai, T. Suzuki, N. Katsumata, et al., Masui, 48, No. 12,
1294-1301 (1999).

10. R. Shouldice, C. Heneghan, P. Nolan, et al., Med. Biol. Eng.
Comput., 40, No. 6, 609-617 (2002).

11. M. R. Warner and J. M. Loeb, Am. J. Physiol., 251, No. 6, Pt.
2, H1126-H1133 (1986).

Bulletin of Experimental Biology and Medicine, Vol. 141, No. 2, 2006  PHYSIOLOGY


