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COMPARISON OF LISINOPRIL AND BISOPROLOL INFLUENCES
ON REGULATORY SYSTEMS OF THE ORGANISM
IN BIOFEEDBACK SERIES IN HEALTHY VOLUNTEERS

E. O. Nazarenko, A. O. Radchenko, S. A. S. Belal, O. L. Kulik, M. 1. Yabluchanskiy
V. N. Karazin Kharkiv National University, Ukraine

In 15 conditionally healthy volunteers aged from 18 to 22 years influence of Lisinopril and Bisoprolol on
the biofeedback in the loop of paced breathing under control of heart rate variability parameters was
compared. Every volunteer underwent 3 everyday biofeedback series with 5 session in each with a 5 months
gap between the series, adding oral drugs application to the 2™ and 3™ series. During the 2™ series
biofeedback sessions was conducted one hour after oral application of 2,5 mg Lisinopril. During the 3™ series
biofeedback sessions was conducted one hour after oral application of 2,5 mg Bisoprolol. In used protocol, it
was found that Bisoprolol promotes earlier and more substantial optimization of regulatory systems in
comparison with Lisinopril.
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MOPIBHSHHSA BILUIMBY JI3UHOIPUIY I BICOIPOJIOJIY HA PETYJISITOPHI
CHCTEMU OPTAHI3MY B BIOJIOTTYHOMY 3BOPOTHOMY 3B’SI3KY
Y 3JIOPOBUMX JIOBPOBO.IBIIIB

€. O. Hazapenko, A. O. Paduenxo, C. A. C. benan, O. JI. Kyauk, M. I. Aonyuancokuii
XapkiBchKuii HanioHansHUH yHiBepcuTeT iMeHi B. H. Kapasina, Ykpaina

Ha 15 ymoBHO 370poBHX I0OpOBONBISX Big 18 1m0 22 pokiB TOpIBHSUIM BIUTUB JII3MHONPHIY i
Giconporoiy Ha sKicTh OioJoriyHOro 3BopotTHOro 3B’s3Ky (b33) B KOHTYpi METPOHOMI30BaHOT'O IUXAHHS ITij
KOHTpOJIEM MapaMeTpiB BapiabenbHOCTI cepueroro purMy (BCP). Koxnomy BUnpoOyBaHOMY MPOBETH MO 3
cepii moaenHux ceanciB BOC Ha npoTs3i 5 [HIB 3 4aCOBUM IHTEPBAJIOM Y 5 MICSIIB M)XK HIMH, JJOTIOBHIOIOYH
2-y Ta 3-10 cepil mepopaJbHUM HPUIOMOM TpenapartiB. B 2-i cepii ceaHCH NMPOBOAMIM Yepe3 4ac Micis
MepOpaIbHOrO MPUHOMY JII3HHONPHITY B 11031 2,5 Mr, B 3-ii cepii — uepe3 4ac Miclisl epopabHOro IPHHOMY
Oicompoioiay B m03i 2,5 mMr. B BUKOpHCTaHOMY MPOTOKONI OiCOMPOJION, B MOPIBHSHHI 3 JI3WHOIPUIIOM,
cripusie OLTBILI paHHIH Ta CYTTEBIH ONTHMI3aLlil PETYIATOPHUX CHCTEM.

KJIFO490BI CJIOBA: 6ionoriuHuii 3BOPOTHIH 3B’s130K, MeTpoHOMi3oBaHe nuxanHsi, BCP, perynsaropHi
cucremu, BQI, nisuHONpHII, OicOmposion

CPABHEHUE BJIUSIHUM JIU3UHOIPUAJIA U BUCOITPOJIOJIA HA PET'YJISITOPHBIE
CUCTEMBI OPTAHU3MA B BUOJIOTMUECKOI OBPATHOM CBSI3U
Y 310POBBIX TIO5POBOJIBIIEB

E. O. Hazapenxo, A. O. Paduenxo, C. A. C. benan, A. JI. Kynuk, H. H. lonyuanckuii
XapbKOoBCKUil HalmoHaIbHBIN yHUBepcuTeT uMenu B. H. Kapasuna, Ykpauna

Ha 15 ycnoBHO 310pOBBIX T0OpOBOJIBIAX B Bo3pacTe OT 18 10 22 JeT CpaBHWIN BIUSHUS JU3HHONPUIA H
Ouconposona Ha KauecTBO Ouonormueckoir odpatHoil cBsizu (BOC) B KOHType METpOHOMH3HPOBAHHOI'O
JIBIXaHUS TT0JI KOHTPOJIEM MapameTpoB BapuabenbHOCTH cepaeunoro purtMma (BCP). Kaxnomy ucneiryeMomy
mpoBeny 1o 3 cepun exenHeBHbIX ceaHcoB BOC B TeueHnH 5 AHEH ¢ BpeMEHHBIM MHTEPBAJIOM B 5 MeCsIIEB
MEXJy HUMH, JOMONHAA 2-10 M 3-10 cepuu IMepopanbHbIM NpUEMOM IpemnapaToB. Bo 2-if cepuu ceaHchl
MIPOBOJMIIN Yepe3 yac MOciie MepopabHOro NpuéMa JIM3UHONpPUIa B 103e 2,5 Mr, B 3-i cepun — depe3 yac
TocIie mepopaipHoro npuéma oucomnposona B 1o3e 2,5 Mr. B ucnoiap30BaHHOM MPOTOKOJIE OMCOMPOIIOI, IO
CPaBHEHUIO C JIM3MHOIPHUIIOM, CHOCOOCTBYeT Oojiee paHHEH M CYIECTBEHHOW ONTHMU3AIMU PEryNSTOPHBIX
CHCTEM.

K/TIOYEBBIE CJIOBA: Ouonorudeckas oOpaTHas CBsS3b, METPOHOMH3UpOBaHOe nwixanue, BCP,
perynsTopHsie cuctembl, BQI, musunomnpumi, ducornporon
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RESEARCH URGENCY

The function of circulatory system is under
control of regulatory systems of the organism
[1]. Distress, especially chronic, has an
influence on pathological states development
of circulatory system that overstrains
regulatory systems and causes disbalance of
regulation [2].

Lisinopril (angiotensin-converting enzyme
(ACE) inhibitor) and Bisoprolol (beta-blocker)
have a protective effect during distress through
alteration of regulatory systems of the
organism [3-5]. Lisinopril and Bisoprolol are
widely adopted in cardiologists practice [4-5].

Lisinopril point of application is renin-
angiotensin-aldosterone  system  (RAAS).
Blocking angiotensin I to angiotensin II
conversion, Lisinopril lowers not only
angiotensin II level in blood, but aldosterone
level as well, lowering arginine-vasopressin
and endothelin-I formation that have, in
particular,  vasoconstriction effect [6-7].
Additional vasodilation effect is achieved
through bradykinin level saving and endogenic
prostaglandins level increasing [7]. Bisoprolol,
blocking beta-1 adrenergic receptors of heart,
provide inhibition of sympathetic part of
vegetative nervous system and, in addition,
lowers renin secretion [8-9].

One of perspective ways of investigation,
estimation,  statusing and  subsequent
intervention in regulatory systems with the
purpose of restoration theirs balance in
organism is biofeedback series in the loop of
paced breathing under control of heart rate
variability (HRV) parameters [10-12].

Earlier we showed that systematic
biofeedback series in the algorithm of optimal
frequency of paced breathing lookup starting
from physiological norm and from free
breathing in healthy volunteers [10-12] and
patients with hypertension [13] optimize
regulatory systems of the organism through
restoration sympathovagal and neurohumoral
balances of regulation with a long-term (up to
3 months) saving of the results [14].

Therefore, it is interesting to compare
Lisinopril and Bisoprolol influences on alte-
rations of regulatory systems of the organism
in combination with biofeedback series in the
loop of paced breathing under HRV parameters
control on one contingent of volunteers.

The study is conducted as a part of research
project of V.N. Karazin Kharkiv National
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University «Development and Research of
Automatic Control of Heart Rate Variability»,
registration No. 0109U000622.

RESEARCH OBJECTIVE

To compare Lisinopril and Bisoprolol
influences on alterations of regulatory systems
of the organism in combination with
biofeedback series in the loop of paced
breathing under HRV parameters control on
one contingent of volunteers.

OBJECT AND METHODS OF THE
RESEARCH

The study involved 15 conventionally
healthy volunteers aged from 18 to 22 years
(average age is 19,53 + 1,55). Exclusion
criteria: pernicious habits, medication taking
last 3 months, heart rate less than 60 bpm at
rest, blood pressure lower than 100/60 mmHg.

The study is conducted with computer
diagnostic  complex  «CardioLab  2009»
(«KhAI-Medica») with  special module
«Biofeedback» that contains programmatically
connected aural-visual breathing metronome
and algorithm of HRV parameters estimation.

Biofeedback technology in the loop of
paced breathing under HRV parameters control
optimizes regulatory systems of the organism
with a long-term (up to 3 months) saving of the
results [14]. It gives an opportunity to evaluate
influences of biofeedback both singly and in
combination with Lisinopril and Bisoprolol on
alterations of regulatory systems of the
organism on one contingent of volunteers
through conducting of 3 series of biofeedback
sessions with a more than 3 months interval
between series.

In compliance with research objective,
volunteers were conducted 3 series of everyday
biofeedback sessions in the loop of paced
breathing under HRV parameters control for
5 days with a 5 months interval between them,
adding to the 2™ and 3™ series oral intake of

medications. Taking into account that
experiment was conducted in healthy
volunteers, Lisinopril and Bisoprolol was

added to the 2™ and 3" series of biofeedback
sessions in minimal therapeutic dose. The
sessions of the 2™ biofeedback series were
conducted 1 hour after oral intake of 2,5 mg
Lisinopril. The sessions of the 3™ biofeedback
series were conducted 1 hour after oral intake
of 2,5 mg of Bisoprolol.
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HRV parameters were estimated in slide
buffer for 1 minute through dynamic spectral
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 [11].
Powerfulness of low (V, up to 0,05 Hz),
medium (L, 0,05-0,15 Hz) and high (H, 0,15-
0,40 Hz) HRV parameters were estimated [12],
then they were transformed into two-
dimensional coordinate space with L/H and
V/(L+H) axes, which correspond to power-
fulness of sympathovagal and neurohumoral
balances of regulation [15].

During biofeedback session, initialization
of adaptation algorithm of biofeedback module
was conducted in first 2 minutes, while
volunteer breathe 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 consists
in automatic seeking of such frequency, when
current L/H and V/ (L+H) values are
maximally approximate to optimum zone [12].

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
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) [15]. Estimation of all values were
carried out using PTC MathCad computer
software.

Statistical analysis of the results for each
subject was carried out using Microsoft Excel
computer software. Average values (M) and
standard deviation (sd) of O, S, E parameters
for D, L/H, V/ (L+H) indicators of first and last
records of each subject were put down in
spreadsheet.

The differences reliability of each
parameter between first and second sessions
and in each session was determined by
Wilcoxon signed-rank test.
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RESULTS AND DISCUSSION

O, S, E parameters values for D, L/H,
V/(L+H) indicators of 1* and 5" sessions of 1,
2" and 3™ biofeedback series in conventionally
healthy volunteers are shown in the
table.Systematic biofeedback series in the loop
of paced breathing under HRV parameters
control optimized regulatory systems state.
Biofeedback series with Lisinopril and
Bisoprolol application allowed optimization
process accelerating of  biofeedback
parameters. Optimization in biofeedback series
with Bisoprolol was more expressed than with
Lisinorpil.

BQI values alterations of 1%, 2" and 3"
biofeedback series in every volunteer, that are
shown on the picture, confirm earlier and more
rapid optimization of regulatory systems with
Lisinopril and Bisoprolol application with
a more positive influence of Bisoprolol.

These results show optimization of
regulatory systems of the organism by
conducting systematic biofeedback series that
proofs the literature data [10-16]. Founded
more effective biofeedback influence on
regulatory systems of the organism with
a Bisoprolol application in comparison with
Lisinopril should be explained by direct
Bisoprolol influence on sympathetic part of
vegetative regulation, whereas Lisinopril
influence is mediated through number of
mechanisms of humoral systems [6-9].

In compliance with derived results,
biofeedback  series with  supplemented
application of properly selected medication
should be considered as important instrument
of improvement of therapeutic measures
effectiveness in clinical practice not only of
cardiology but other fields of medicine as well.

CONCLUSIONS:

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

2. Biofeedback series with Lisinopril and
Bisoprolol application allow achieving earlier
and more rapid optimization of regulatory
systems state.

3. In used protocol, it was found that
Bisoprolol promotes earlier and more
substantial optimization of regulatory systems
in comparison with Lisinopril.
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Table

0, S, E parameters values for D, L/H, V/(L+H) indicators of 1* and 5™ sessions
of 1%, 2" and 3" biofeedback series in healthy volunteers (Mzsd)

Series 1 Series 2 Series 3
Parameter
Session 1 | Session 5 | Session 1 | Session 5 | Session 1 | Session 5
D o | 030 0,96 + 0,71+ 3,15+ 2,77+ 0,06 +
4.84 2.74* 4.23% 6,10*% 41311 1,88*1%
S 0,91 + 0,94 = 1,10 + 1,00 + 0,62 + 0,83 +
0,26 0,49* 0,35¢ 0,35%¢ 0,27A 0,30%1
- 0,27 + 0,46 + 0,43 £ 031+ 0,32 + 0,05 +
0,25 0,16* 0,31F 0,32%F 0,261 0,10%0}
L/H o | 884= 3,78+ 5,62+ 50,57 + 9,17 + 0,51 +
10,84 4,03* 6,10+ 49.90% | 12,661 | 2,10%t%
S 6,39 + 7,93 £ 6,68 + 5,00 £ 4,18 £ 543+
1,04 1,880 2,041 2,390# 1,430A 2,83*11
- 0,99 + 1,00 + 0,97 + 0,91 + 0,95 + 0,75 +
0,02 0,00* 0,051 0,13*# 0,06#} 0,50%%1
1,43+ 1,34+ 1,08 + 0,80 + 421+ 3,88+
VIL+H) | O 1,08 0,99* 1,25¢ 1,28%F 0,7100 1,65%#A
S 1,44 + 0,60 + 1,65+ 2,18+ 0,40 + 023+
2,14 0,31* 2314 2,63*t 0,04+ 0,150#
E 0,37 + 0,23 + 0,41+ 0,51 + 0,07 = 0,07 +
0,37 0,16* 0,33+ 0,39%F 0,08+ 0,05*%+A
Notes: — p > 0,05 on sessions against base values of one series;
o —p < 0,05 on sessions against base values of one series;
1 —p > 0,05 on same session against base series;
# —p < 0,05 on same session against base series;
o0 —p <0,01 on same session against base series;
1 —p> 0,05 on same session against adjacent series;
A —p < 0,05 on same session against adjacent series;
0 —p<0,01 on same session against adjacent series.
4
o A
3.5
3
bt Sertes 1
5 5 ® sd(series 1)
M - = Series 2
L5 B sd (series 2)
------ Series 3
1 4 sd(series 3)
0.5
0
1 2 3 - 5
Sessions

Pic. BQI values alterations of 1%, 2™ and 3™ biofeedback series in every volunteer

Notes: * —p > 0,05 on sessions against base values of one series;
A —p > 0,05 on adjacent sessions of one series;

1 —p > 0,05 on same session against base series;

# —p < 0,05 on same session against base series;

o0 —p <0,01 on same session against base series;

1 —p> 0,05 on same session against adjacent series.
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Biofeedback series with supplemented  effectiveness in clinical practice.lt is
application of properly selected medication interesting to study the influence of used
should be considered as important instrument  biofeedback method in patients with different
of improvement of therapeutic measures diseases of circulatory system.
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