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SPIRONOLACTONE IN BIOFEEDBACK SESSIONS IN THE LOOP
OF PACED BREATHING AND HEART RATE VARIABILITY IN
HEALTHY VOLUNTEERS
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Yabluchanskiy M. L.
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In 7 conditionally healthy volunteers, aged from 19 to 21 years (average age is 19,53 + 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, 2™ 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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CIIIPOHOJIAKTOH B CEAHCAX BIOJIOI'TYHOI'O 3BOPOTHOI'O 3B’ A3KY
3 KOHTYPOM METPOHOMI30OBAHOI'O TUXAHHA TA BAPIABEJIBHOCTI
CEPIIEBOI'O PUTMY Y 310POBUX JOBPOBOJIBIIIB

Hazapenxo €. 0., Hecmepenxo H. 1., A6oen Baxxaé O. [Inc., Benan C. A. C., Mapmunenxo O. B.,
Abayuancorxun M. 1.
XapxiBcpkuit HarlioHANBEHAH VHIBepcuTeT iMeH1 B. H. Kapasina, M. XapkiB, Ykpaina

Ha 7 yMoBHO 3710poBUX J0OPOBONBIAX vV Bimi B 19 10 21 pokis (cepemniit Bik — 19,53 + 1,55 poxiB)
OIIHWJIN BIUIMB CIIPOHONAKTOHY Ha SKICTH Olomoriunoro 3BopotHoro 3B :a3ky (BOC) B koHTYpI
MeTpoHOMI3oBaHOTO JuxaHHa (MJ]) 1 mapamerpiB BapiaGensHOCTI ceprieeoro putmy (BCP). Bceim
JIOOPOBOIBINM MIPOBEJICHO 1O 2 cepii moJieHAnX ceancie BOC v J0cTiIKyBaHOMY KOHTYPI MIPOTATOM S JTHIB
3 IHTEPBAIOM V TPH MICSII MK HUMH, V 2-i cepii ceaHCH MpOBOTUIN depe3 O TOAMH MICHI MepopaTbHOTO
nputioMy 25 MT CIipOHOIOKTOHA. JlaHi 06poOIsuIics MeToJaMU HellapaMeTPUIHOI CTAaTUCTUKN. BeTaHoBICHA
ONITUMI3AIN cTaHy peryiaropHux cmereM mi BiumBoM bOC 3 xorTypoM MJ] 1 BCP. ChoipoHonakToH B
JIOCHIIKEHI# 1031 He pOOUB ICTOTHOTO BIUIMBY HA SKICTH ONTUMI3AINI] PETYIATOPHUX CHCTEM.

KITHO4YO0BI CIIOBA: 6ionoriuauif 3BOpPOTHHMM 3B 30K, METPOHOMI3OBaHE AWXAHHS, BaplaOelbHICTH
CEPIIEBOTO PUTMY, PETYITOPHI CHCTEMH OPTaHI3MY, CIIIPOHOIAKTOH

CIIMPOHOJIAKTOH B CEAHCAX BHOJIOT MYECKOM OBPATHOM CBA3U
C KOHTYPOM METPOHOMMU3HPOBAHHOI'O IBIXAHUA U BAPUABEJIBHOCTH
CEPJAEYHOI'O PUTMA Y 31O0POBBIX 1OBPOBOJIBIIEB
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XapbkoBckuit HarMoHaILHBIH YHUBepcuTeT nMeHu B. H. Kapasuna, r. XapbkoB, Ykpanna

Ha 7 ycioBHO 3/10pOBBIX J106poBoOIIBIIaX B Bozpacte oT 19 jo 21 roja (cpeanuit Bospact — 19,53 + 1,55
JIET) OIICHWIN BIIMSIHUAE CHHUPOHOJIAKTOHA Ha KadecTBO Ouoiormueckodt oOparnoit cpsasu (BOC) B xoHTypE
MeTpOHOMM3HpOBaHHOro Jibixanuss (MJI) u mapamerpoB BapuabenbHocTH cepiednoro purMa (BCP). Beem
HCTIBITYEMBIM IIPOBEICHO 1O 2 CEpHH €XEAHEBHBIX ceaHcoB BOC B mecieiyeMoM KOHTYpE B TeueHue S et
C BPEMCHHBIM HHTEPBAJIOM B TPH MecsIla MEXAYy HUMH, BO 2-fi cepuM ceaHCH IPOBOJMIM 4Yepe3 6 TacoB
mocjie  IepopalbHOrO IpuéMa 25 MI  CHHpOHONOKTOHA. JlaHHBle oOpabaThIBalNCh  METOaMH
HelapaMeTpHUIecKON CTaTHCTHKH. YCTaHOBICHA ONTHUMM3AINI COCTOSHHS PETYIITOPHBIX CHCTEM IIOJ
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prausiaueM bOC ¢ xoutypoMm MJI u BCP. CupoHONakTOH B U3VUEHHOH J103€ HE OKa3bIBaJl CYINECTBEHHOTO
BIIMSTHUS Ha KaY€CTBO ONTHMU3AINA PETYILITOPHEIX CHCTEM.,

KITHOUYEBBIE CJ/IOBA: oOwnonormdeckas

obparHas

CBA3bL, MCTPOHOMHM3UPOBAHHOC  JILIX4HHC,

BapI/Ia6eJ'H>HOCTI> CCPJICUHOIO PUTMA, PCTYIATOPHLIC CUCTCMEL OpraHn3Ma, CIIMPOHOJIAKTOH

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
University «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
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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, ms®), low (LF, ms®) and high (HF,
ms’) 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 Dbreathing), 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 1 and 5™ sessions of 1*
and 2™ 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
0O, S, E parameters values for D, LF/HF, VLF/(LF+HF) indicators of 1 st
and 5™ sessions of 1% and 2" biofeedback series
1% series 2" series
Parameters - T
1% session 5™ session 1% session 5™ session

O -4,09+£7,12 1,07£2,60 T -1,594+2.49 * -1,1442,55 *+
D S 0764041 0,77£0,33 % 1,0540,37 * 0,80£0,47 *+
E 0,05+0,08 0,22+0,25 0,00+0,17 * 0,10+0,23 *7
O -28.47+61,56 -3,88+8,11 1 -7,53+6,67 * -5,5743,89 *+
LF/HF S 4,97+1,60 5,78+1,82 6,6242.75 * 6,16+0,59 *¥
E 0,82+0,40 0,98+0,02 T 0,99+0,00 * 1,00+£0,01 *7
O -2,15+£1,04 -1,85+0,98 1 -5,90+2,04 * -2,9940,53 *t
VLF/(LF+HF) S 0,41+0,26 0,40+0.26 + 0,05+2,95 * 2,05+0,03 *+
E 0,07£0,06 0,18+0,13 T 0,03+0,41 * 0,40+0,05 *7

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 1% and 2™
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
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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].



Series «Medicine». Issue 30

3.00
2.50
2.00
5 150 - = ]1¥series
= =  sd (1% series)
1.00 2= series
® sd (2% series)
0.50
0.00
1 2 3 4 5
Sessions

Pic. BQI values alterations of 1* and 2™ biofeedback series in every volunteer for 5 sessions.

Notes: * —p > 0,05 on sessions against base values;

T_
I_

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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