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In 7 conditionally healthy volunteers, aged from 19 to 21 years (average age is  1,55 years), 

influence of spironolactone on alterations of regulatory systems state of the organism combined with 
biofeedback (BFB) sessions in the loop of paced breathing (PB) and heart rate variability (HRV) parameters 
was evaluated. All volunteers were conducted 2 series of everyday BFB sessions in analyzed loop for 5 days 
with a 3 months interval between them, 2nd series of sessions were conducted 6 hours after oral application of 
25 mg spironolactone. The data was analyzed using non-parametric statistical methods. Optimization of 
regulatory systems state under influence of BFB sessions in the loop of PB and HRV parameters was found. 
Spironolactone in studied dose had no significant effect on optimization of regulatory systems state. 
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INTRODUCTION 

The function of human circulatory system is 
controlled by neurohumoral regulatory systems 
[1]. Chronic distress cause its overstrain, which 
forms the base for development and 
manifestation of diseases [2]. 

One of perspective ways of optimization of 
regulatory systems state is biofeedback in the 
loop of paced breathing and heart rate 
variability (HRV) parameters [3-6]. 

Spironolactone, a competitive aldosterone 
antagonist, inhibits aldosterone-regulated 
exchange of sodium to potassium ions at 
collective tubules and distal canaliculi of 
nephron, providing moderate diuretic and mild 
antihypertensive effects [7]. 

Considering the above, it is interesting to 
evaluate spironolactone influence on the 
organism in combination with biofeedback 
sessions in the loop of paced breathing and 
HRV parameters at one contingent of 
volunteers. 

The study is conducted as a part of research 
project of V.N. Karazin Kharkiv National 

Development and Research of 
Automatic Control of Heart Rate Variability , 
registration No. 0109U000622. 

OBJECTIVE 

To evaluate spironolactone influences on 
alterations of regulatory systems state of the 
organism in combination with biofeedback 
sessions in the loop of paced breathing and 
HRV parameters at one contingent of 
volunteers. 

MATERIALS AND METHODS 

The study involved 7 conventionally 
healthy volunteers aged from 19 to 21 years 
(average age is 19,53  1,55). Inclusion 
criteria: acute and chronic diseases absence, 
pernicious habits absence, heart rate above  
60 bpm at rest, blood pressure above 
100/60 mmHg. 

Biofeedback sessions were conducted using 
computer diagnostic complex CardioLab 
2009  ( KhAI-Medica ) with special 
Biofeedback  module that contains 

programmatically connected aural-visual 
breathing metronome and algorithm of HRV 
parameters estimation. 

In compliance with research objective, 
volunteers were conducted 2 series of everyday 
biofeedback sessions in studied loop for 5 days 
with a 3 months interval between them [8]. 
Second biofeedback series were conducted 6 
hours after oral intake of 25 mg spironolactone. 
Before second biofeedback series all 
volunteers took similar dose of spironolactone 
for 2 days to reach significant pharmacological 
effect [7]. 

During biofeedback session, initialization of 
adaptation algorithm of biofeedback module 
was conducted in first 2 minutes, while 
volunteer breathed in his normal rhythm. After 
that for each following minute exact frequency 
of paced breathing was set through frequency 
rearrangement of aural-visual breathing 
metronome. Adaptation algorithm consisted in 
automatic seeking of such frequency, when 
current sympathovagal and neurohumoral 
values were maximally approximate to 
optimum zone [5]. 

Regulatory systems state was estimated 
based on HRV parameters. HRV parameters 
were estimated in slide buffer for 1 minute 
through dynamic spectral decomposition by 
fast Fourier transform of R-R intervals 
sequence of lead I ECG records with 1000 Hz 
digitization frequency during 7-minute 
biofeedback session [4]. Powerfulness of very 
low (VLF, ms2), low (LF, ms2) and high (HF, 
ms2) frequencies of HRV domain spectrum 
were estimated, then they were transformed 
into two-dimensional coordinate space with 
LF/HF and VLF/(LF+HF) axes, which 
correspond to powerfulness of sympathovagal 
and neurohumoral balances of regulation [9]. 

Biofeedback quality estimation was based 
on optimality (O, estimation of farness of 
regulatory systems from optimal state during 
whole period of session), sensitivity (S, 
estimation of receptivity of regulatory systems 
to paced breathing), effectiveness (E, 
estimation of approaching range of HRV 
parameters to optimal physiological state 
during execution of optimal bioreverse control 
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algorithm) parameters both for whole 
regulatory system (D) and its parts, and also on 
BQI integral index (parameter that reflects all 
qualitative changes of biofeedback process) 
[9]. Estimation of all values was carried out 
using PTC MathCad software. 

Statistical analysis of the results for each 
subject was carried out using Microsoft Excel. 
Average values (M) and standard deviation 
(sd) of O, S, E parameters for D, LF/HF, 
VLF/(LF+HF) indicators of all records of each 
series of all subjects were put down in 
spreadsheet. The differences reliability of each 
parameter between sessions and in each session 
was determined by Wilcoxon signed-rank test. 

RESULTS AND DISCUSSION 

O, S, E parameters values for D, L/H, 
V/(L+H) indicators of 1st and 5th sessions of 1st 
and 2nd biofeedback series in conventionally 
healthy volunteers are shown in the table. 
According to the data, biofeedback series in the 
loop of paced breathing under HRV parameters 
control optimize regulatory systems state. 
However, adding spironolactone to biofeed-
back series has no significant influence on 
alterations of O, S, E parameters values for D, 
LF/HF, VLF/(LF+HF) indicators. 

Table 
O, S, E parameters values for D, LF/HF, VLF/(LF+HF) indicators of 1 st  

and 5th sessions of  1st and 2nd biofeedback series 

Parameters 
1st series 2nd series 

1st session 5th session 1st session 5th session 

D 

 -    -  * -  *  

S     *  *  

E     *  *  

LF/HF 

O -  -   -  * -  *  

S     * 6,  *  

E     *  *  

VLF/(LF+HF) 

O -  -   -  * -  *  

S     *  *  

E     *  *  

Notes: *  p > 0,05 on same session against base series;  
 p > 0,05 on sessions against base values of one series. 

 
 

BQI values alterations of 1st and 2nd 
biofeedback series in every volunteer are 
shown on the picture. Systematic biofeedback 
series in the loop of paced breathing and HRV 
parameters lead to approximation of BQI value 
to optimal level. Adding spironolactone to 
biofeedback series bring no additional 
alterations to BQI value. 

These results show optimization of 
regulatory systems of the organism by 

conducting systematic biofeedback series that 
proofs the data [3-6, 8]. 

Absence of spironolactone influence at 25 
mg dose on regulatory systems in biofeedback 
series should be explained by short, 
predominantly local effect of the drug outside 
system alteration of neurohumoral regulation 
[7]. 
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Pic. BQI values alterations of 1st and 2nd biofeedback series in every volunteer for 5 sessions. 

Notes: *  p > 0,05 on sessions against base values; 
 p > 0,05 on same session against base series; 
 p > 0,05 on adjacent sessions of same series. 

 

CONCLUSIONS 

1. Systematic biofeedback sessions in the 
loop of paced breathing under HRV parameters 
control optimize regulatory systems state of the 
organism. 

2. Adding spironolactone to biofeedback 
series has no significant influence on 
optimization of regulatory systems state. 

3. Spironolactone in 25 mg dose has 
predominantly local and short pharmacological 
effect. 
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