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Abstract

The cardiovascular sensitivity in normal and stressed
rats to sympathetic and parasympathetic blockades was
greater in females than in males when studied using the
heart rate, mean arterial pressure and normalized
entropy, a new measure of complexity degree of blood
pressure signals. It is supported that sympathetic and
parasympathetic influences on cardiovascular system are
more pronounced in females than in males both under
normal and stress conditions. Normalized entropy was
demonstrated to be more sensitive marker of gender and
individual differences in cardiovascular responses to
external and internal perturbations.

1. Introduction

Cardiovascular disease is more prevalent in men than
in women [1]. Although the reasons for this phenomenon
are not well understood, considerable attention has been
given to sex particularities in cardiovascular reactivity and
sympathetic = and  parasympathetic = control in
cardiovascular stress-responses [2,3]. Although heart rate
(HR) and blood pressure (BP) remain the most commonly
measures of cardiovascular activity, now it is possible to
apply the nonlinear dynamics methods to quantitate the
dynamic behaviour demonstrated by cardiovascular
system [4]. In our previous experiments [5,6] it has been
established the high sensitivity of new criteria of the
complexity degree of ECG and BP time series-
“normalized entropy” (E/H), which is Shannon entropy
related the system energy [7].

The purpose of this study was to investigate the gender
particularities in cardiovascular responses to atropine and
propranolol in normal and stressed rats using the
conventional measures of cardiovascular activity — HR
and BP and new measure of complexity degree of BP
signals —E/H.

2. Materials and methods

All experiments were performed on male and female
mongrel rats weighting from 250 to 300 g. The animals
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were instrumented with the polyethylene catheters in
the carotid artery for direct measuring mean arterial
pressure (MAP) in freely moving rats and in jugular
vein for drug injections under pentobarbital anesthesia
(0.35-0.40 mg/100g, ip). The catheters were tunneled
subcutaneously and exteriorized at the back of the neck.
The rats were allowed to recover for 24 hours. The E/H
computation algorithm was used [8] to quantify changes
in the complexity of BP time series in male and female
organisms at rest, during stress and drug injections. All
procedures were performed in accordance with the
Declaration of Geneva (1990) on the International
Guiding Principles for Biomedical Research Animals.
The study of HR, MAP and E/H was performed:
1) under control condition; 2) during 60 min
immobilization stress (IS); 3) 24h later during
cholinergic blockade by atropine sulfate (Voroneg,
Russia, 0.2 mg/100g, iv) or propranolol (ISIS Pharma
GmbH, 08056 Zwikau, 0.1 mg/100g, iv); 4) 24h later
during IS against atropine or propranolol injection.
Results were presented as meanststandard error of the
mean (SEM). The changes in MAP, HR and E/H were
expressed as percentage changes from control values.
The statistical analysis of the data was performed using
the Wilcoxon’s ranks sums test, Mann-Whitney U test
and ANOVA-2 test, followed by the Duncan multiple
range test. P<0.05 was taken as indicating statistical
significance.

3. Results

IS caused the significant tachycardia, which was
more pronounced in females compared with males
(32% against 24% vs. basal values, P<0.05). Between
sexes difference was statistically significant (P<0.05).
Notice, that basal values of HR were lower in females
vs. males (35948 and 40518 beats/min, respectively;
P<0.05). The stress-induced changes in MAP were less
pronounced and continued compared with HR. Really,
maximal increase in MAP was observed only during 5
min of IS and then MAP gradually reached the basal
values. Interestingly notice, that despite the more
significant HR increase in females vs. males the
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increase in MAP was lower in females than in males (11% 409+4 beats/min, respectively; P<0.05). Interestingly,
against 18% vs. basal values, P<0.05) and the recovery of that the intensity of MAP response to IS didn’t differ

HR was more rapid in females than in males. significantly between sexes (Fig. 2) and corresponded
The atropine injection was accompanied by more to stress levels of MAP during IS.

significant increase in HR in females than in males (29% In all sets of experiments the basal values of MAP

against 17%, P<0.05 vs. basal values). Between sexes didn’t differ reliably between females and males.

difference was statistically significant (P<0.05). Notice, The propranolol injection caused the decrease in the

that basal values of HR were lesser in females vs. males HR that was pronounced in a greater degree and in the

(375+12 and 400+8 beats/min, respectively; P<0.05). The greater number of females vs. males. Actually, HR
atropine didn’t induce any significant changes in MAP in decreased by 25% (P<0.05) in 67% of females and only
both females and males. by 10% (P<0.05) in 58% of males. Maximal bradicardic
effect was observed to 60 min of experiment in both
females and males (30% against 15%, P<0.05). Besides,
HR, % this bradicardic effect of propranolol was accompanied
1601 by compensatory hypertension (21% in females and
15% in males, P<0.05). Notice, that basal values of
MAP and HR didn’t differ reliably between sexes in
this experiment.
The IS of rats injected by propranolol was
accompanied by bradicardic response in females and
small, statistically nonsignificant tachycardic response
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stress in males (Fig. 3). Notice, propranolol didn’t depress
R e ™) stress-induced elevation in MAP that was similar in
min males and females. The stress-induced pattern of MAP

in rats injected by propranolol was practically the same
that is presented in fig.2. So, while HR was
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p T stress-evoked increase in MAP was not changed by
Fig.1 The HR response to IS in female and male rats these pharmacological agents. The basal values of HR
injected by atropine and MAP were higher in females vs. males (406+4 in
females and 338+4 in males beats/min; 14212 in
females and 122+3 in males mmHg, P<0.05,
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Fig. 2. The MAP response to IS in female and male rats * - p<0,05 vs. basal levels — females
injected by atropine A - p<005 vs. males == - males
Fig. 3. The HR response to IS in female and male rats

The stress significantly increased the cardiovascular injected by propranolol
sensitivity (HR intensity) to atropine in females but not in
males. Actually, the stress-induced increase in HR In contrast to HR and BP, that increased or
reached 42% (P<0.05) in females and only 25% (P<0.05) decreased during different perturbations, the E/H
in males (Fig.1). Between sexes difference was increased in one part of rats and decreased in other part
statistically significant (P<0.05). Notice, that basal values of ones in all sets of experiments. These changes of E/H
of HR were lower in females than in males (355£5 vs. reflected the increase in the complexity degree of BP
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signal in one part of rats and decrease of this parameter in
other part of ones. The number of rats with elevated E/H
increased during recovery period. The amplitude and
duration of E/H changes were determined by the nature of
perturbation. The changes in complexity degree of BP
signal were established to be more pronounced and
continued in comparison with HR and MAP.
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Fig.4. The E/H response to IS in female and male rats
injected by atropine
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During IS the number of rats with elevated E/H
increased in a greater degree and in the greater number of
females vs. males. The tachycardic response to atropine
that was more pronounced in females was accompanied
by significant increase in the number of females with
elevated E/H. Under the most strong perturbation
(IS+Atropine) the amplitude of E/H increase was nearly
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5-fold and 10-fold higher than those for HR and MAP,
respectively (Fig.4).

The bradicardic response to propranolol that was
more pronounced in females was accompanied by
significant increase in the number of females with
decreased E/H. So, during the first 30 min after
propranolol injection the number of rats with decreased
E/H reached 100% in females and 75% in males. Also,
during IS against propranolol the number of rats with
decreased complexity degree of BP signal was greater
in females than in males. As in previous experiments
the changes in the E/H were more significant and
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Fig. 5. The E/H response to IS in female and male rats
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continued than those in HR and MAP. So, during IS
against propranolol the amplitude of E/H decrease and
especially increase was significantly higher than those in
MAP and especially in HR (Fig. 5).

4, Discussion

The cardiovascular responsivity in normal and stressed
rats to sympathetic and parasympathetic blockades was
greater in females than in males when studied using the
HR and E/H, a measure of complexity degree of BP
signals. Actually, tachycardic response to IS, atropine and
IS+atropine was more significant in females vs. males. At
the same time, in these experiments the E/H increased in
the greater degree and in the greater number of females
than males. On the other hand, bradicardic effect of
propranolol being greater in females vs. males was
accompanied by significant elevation of the number of
rats with decreased complexity degree of BP signal in
females but not males. These data suggest that
sympathetic and parasympathetic modulations of
cardiovascular activity are more pronounced in females
than in males both under normal and stress conditions.
Similarly to HR and BP, the pattern of E/H changes was
determined by the nature of perturbation. But in every
experiment the E/H increased in one part of rats and
decreased in other part of ones. The changes in the
complexity degree of BP signal were always more
significant and prolonged in comparison with those in HR
and BP. These findings give evidence that the changes in
cardiovascular activity induced by internal and external
perturbations are far richer than that we can see applying
conventional cardiovascular measures.

We believe that stress-induced changes in the
complexity degree of BP dynamics may reflect variations
in the activity of multiple neural, hormonal, mechanical
and local subcellular biochemical cardiovascular control
mechanisms as well as changes in their interactions. It has
been shown that variations in parasympathetic activity
correlate  with changes in approximate entropy [9] and
two-dimensional entropy changes [10] of ECG dynamics.
Our results give evidence that variations in sympathetic
and parasympathetic activity are accompanied by changes
in the complexity degree of BP dynamics in both normal
and stressed rats. So, one may suggest that stress-induced
changes in the E/H of BP time series are attributed in part
to changes in autonomic cardiac regulation. Our results
demonstrated that the study of E/H, a new measure of the
complexity degree of BP signal, may be useful for
research of mechanisms underlying the gender differences
in cardiovascular responses to stress.
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