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Caffeine is one of the most widely used psychoactive substances in the world. The caffeine physiological effect
has both positive and negative aspects of influence on a living organism, which depends primarily on the dosage,
individual sensitivity and initial characteristics of the body condition. With each passing year, the level of cancer is
only increasing. According to scientists and doctors, the global cancer mortality rate may reach 15.3 million deaths
annually by 2040. Doxorubicin is one of the leading chemotherapeutic drugs for treating various types of cancer.
Despite its positive effects on the body when treating cancer, doxorubicin has significant side effects. The aim of our
study was to investigate the effect of caffeine on heart rate variability in an experimental model of doxorubicin car-
diomyopathy in rats to identify its potential cardioprotective effect and the ability to regulate the autonomic nervous
system. The studies had been performed on white sexually mature male rats of three groups during a month. An
electrocardiogram (ECG) was recorded in male rats and the heart rate variability (HRV) parameters were evaluated
under the Baevsky’s Stress Index formula. The rats treated with doxorubicin showed a significant deterioration of the
cardiovascular system, which was manifested in a significant increase or decrease in all HRV parameters studied by
us and provided in this article. Male rats treated with caffeine in combination with doxorubicin showed a significant
improvement in most HRV parameters, namely: HR, variation range, vegetative balance index, tension index, and
coefficient of variation. Our HRV results indicate the possibility of using caffeine as a supportive agent to reduce the
cardiotoxic side effects of chemotherapy in future clinical trials. They emphasize the importance of the HRV method

in studying the effectiveness of therapeutic approaches and the autonomic nervous system regulation.

Key words: toxicity, organism, stimulant effects, pharmacology, oxidative stress.

Connection of the publication with planned re-
search works.

The work is a fragment of the research project «Phys-
iological and biochemical mechanisms of ontogenetic
development and adaptation to stress of different gen-
esis» (state registration number 0119U100105) and the
implementation of the tasks of the long-term develop-
ment plan of the scientific direction «Biology and Health
Care» of Oles Honchar Dnipro National University «As-
sessment of the degree of stress response of biosystems
to external and internal influences» (state registration
number 0122U000059).

Introduction.

Caffeine is one of the most common psychoactive
substances in the world [1, 2]. This substance, classified
as a purine alkaloid, has been the subject of numerous
scientific studies to this day, and it still remains relevant.
The physiological effect of caffeine includes both
positive and negative aspects of its impact on a living
organism, e.g. caffeine can increase blood pressure
and heart rate, contribute to the risk of osteoporosis
by removing calcium from the body, thus reducing
bone density, increase stomach acidity, reduce sleep
quality and disrupt deep sleep phases, which can lead
to insomnia, anxiety, etc. At the same time, caffeine
reduces fatigue by blocking adenosine receptors in
the brain, improves concentration, reaction time and
short-term memory, increases physical endurance and
performance by stimulating the adrenaline release,
promotes metabolism and thermogenesis, etc. [3] Thus,
the manifestation of a particular effect of caffeine on
a living organism depends primarily on the dosage,
individual sensitivity, and initial characteristics of the
body’s state. Moderate consumption can have positive
effects, while excessive consumption can lead to
undesirable consequences [4, 5].

The physiological and pharmacological effects of
caffeine are being studied in various fields of medicine,
including cardiology, oncology, neurology, and others.
The rate of cancer is increasing every year, and as of
2024, it is one of the world’s major causes of death,
surpassed only by cardiovascular disease. According to
scientists and doctors, the global cancer mortality rate
may reach 15.3 million deaths annually by 2040 [6].
Doxorubicin is one of the leading chemotherapeutic
drugs for treating various types of cancer. Its mechanism
of action is based on DNA damage to cancer cells,
thus preventing their further growth and division [7].
Despite its positive effects on the body in treating
cancer, doxorubicin has significant side effects. It is
known to cause oxidative stress in cells [8], and is
also characterized by cardiotoxicity, which manifests
through destructive and dystrophic changes in the
myocardium of animals and can result in heart failure,
cardiomyopathy, or other cardiovascular diseases [9, 10].
Most researchers study the corrective effect of various
substances in doxorubicin-induced cardiomyopathy to
find potential cardioprotective mechanisms [11, 12]. We
have a hypothesis that caffeine, due to its antioxidant
properties, may have a positive effect in protecting the
heart and heart muscle when administering doxorubicin.

The aim of the study.

To investigate the effect of caffeine on heart rate
variability in an experimental model of doxorubicin-
induced cardiomyopathy in rats to identify its potential
cardioprotective effect and the ability to regulate the
autonomic nervous system.

Object and research methods.

The rules of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg 1986) and
the Regulations on the Use of Animals in Biomedical
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Research, with reference to Directive 2010/63/EU
of September 22, 2010 on the protection of animals
used for scientific purposes have been followed when
conducting experimental studies and keeping rats. The
experiments were approved by the Bioethics Committee
of Oles Honchar Dnipro National University.

The experiments were carried out on white sexually
mature male rats (according to the laboratory animal
classification of Zapadniuk I.P.) [13] during a month.
Healthy animals were randomly divided into three
groups (12 animals in each group): Group | — control
group of male rats in which saline (1 mg/kg) was
administered via gastric gavage, Group |l —group of male
rats in which 1 mg/kg of doxorubicin was administered
via gastric gavage, Group Il — group of male rats in which
caffeine (25 mg/kg per day) and doxorubicin (1 mg/kg)
were administered intragastrically.

The rats in the experimental groups were quaran-
tined according to all the regulations of zoohygiene be-
fore the experimental part of our work. Animals of the
respective study groups were kept under standard main-
tenance conditions, manifested in sufficient tempera-
ture, light and humidity in the vivarium, as well as under
the conditions of a normal food ration in terms of daily
needs and unlimited drinking water.

An electrocardiogram (ECG) was recorded in male
rats using needle electrodes (Il standard lead). Recording
and digital conversion of the ECG signal was performed
on a «CARDIOLAB» electrocardiographic complex for
a wide range of cardiological studies (HAI-MEDICA,
Kharkiv, Ukraine). The duration of each ECG recording
in rats was 1 minute. The heart rate variability (HRV)
analysis parameters were evaluated under the Baevsky’s
Stress Index formula [14]. The values of the mean heart
rate (HR), mode (Mo), mode amplitude (AMo), variation
range (VR), coefficient of variation (CV), vegetative
balance index (VBI), tension index (Tl), as well as HRV
time indices — RMSSD (root mean square of successive
differences), pNN50 (percentage of NN intervals with a
difference of > 50 ms) were determined.

Statistical processing of the results was performed
using Statistica 6.0. The results are represented as
Mtm, where M is the arithmetic mean and m is the
standard error of the mean. The results were processed
by non-parametric statistical methods, with values at
p<0.05 considered significant.

Research results and their discussion.

The method of heart rate variability (HRV) was
used to study the peculiarities of caffeine effects in
doxorubicin-induced cardiomyopathy in male rats. This
approach allowed for a comprehensive assessment of
the functional state of the organism, in particular, the
analysis of the autonomic nervous system, being an
important marker of adaptive responses and regulatory
mechanisms of the cardiovascular system. Since the
relevant method is a universal tool for studying the
adaptive capabilities of the body, as well as has a high
diagnostic and prognostic value, it is actively used in
various scientific studies [15].

Having analyzed the heart rate, it should be noted
that the control group males had a heart rate of
456.33+4.25 beats/min. The heart rate of males in the
second group was by 9.2% significantly higher compared
to males in the control group. On the contrary, after a
month of daily caffeine intake in males with doxorubicin

administration, their heart rate was characterized by a
downward trend compared with the results of males in
the second group, but at the same time we observed
that this indicator was approaching the results of the
control group, although there was a tendency to a slight
increase.

The value of one of the parameters of variational
pulse oximetry, which is the value of the intervals
between heartbeats, most often occurring in the
maximum discharge of the R-R histogram in male rats
of the control group, was 456.25+10.11 s. In males
with doxorubicin-induced cardiomyopathy, this index
was characterized by a significant increase by 1.2 times
compared with males of the control group. However, the
Mo index in males of the third group was characterized
by a downward trend compared to males of the second
group and an upward trend compared to males of the
control group.

Among male rats of the control group, the percentage
of the most frequently occurring cardiac intervals or the
number of cardiac intervals (in % of the total number)
corresponding to the mode range was 82.34+12.23%.
A significant increase in the AMo index by 17.3% was
observed in male rats of the second group compared
to the index of males of the control group. Male rats of
the third group were also characterized by a significant
increase in the corresponding index by 13.6% compared
to the results of males of the control group. Instead, a
downward trend in AMo was observed in males treated
with doxorubicin and caffeine compared to males
treated with doxorubicin alone.

In male rats treated with doxorubicin, there was
a significant decrease in the difference between the
duration of the longest and shortest cardiac intervals by
42.23% compared to males of the control group. Males
treated with caffeine in combination with doxorubicin
showed a tendency to the variation range decrease
relative to this indicator in males of the control group
and a significant increase by 20.7% compared to the
results of males treated with doxorubicin alone. We
also analyzed the parameters associated with the
parasympathetic activity of the autonomic nervous
system, namely RMSSD and pNN50. The male rats of the
control group demonstrated RMSSD, which is one of the
key HRV time indices and reflects short-term changes
in the intervals between consecutive heartbeats,
at 9.6320.39 ms. The corresponding indicator in
doxorubicin-treated male rats was characterized by a
significant decrease by 90.3% compared to the results
of the control group males. This indicates a decrease in
parasympathetic activity accompanied by an imbalance
in autonomic nervous activity. It is also possible that
it is the toxic effect of doxorubicin on the heart that
contributes to the corresponding significant decrease
in parasympathetic activity, which is reflected in the
RMSSD. Meanwhile, a significant decrease in RMSSD,
which reached 5.31+0.34 ms and was by 81.36% higher
than in the control group, was also observed in male
rats treated with doxorubicin and caffeine. At the same
time, it was recorded that the corresponding result
in male rats of the third group was characterized by a
tendency to increase relative to this indicator in males
of the second group. The corresponding dynamics of
changes between the males of the groups studied by us
was also observed in the pNN50 index. In male rats of
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the second group, it underwent a significant decrease
by 48.2% compared to the values in males of the control
group. On the contrary, males treated with caffeine
and doxorubicin were characterized by a tendency to
increase this indicator relative to the values in males of
the second group and a significant increase by 34.6%
compared to the results of males of the control group.

The coefficient of variation in male rats of the control
group was 370.7216.32%. In doxorubicin-treated male
rats, the corresponding indicator was sharply reduced
by 31.6%. Instead, in male rats treated with caffeine
together with doxorubicin, the coefficient of variation
was recorded at 383.3+5.21%, which is quite close to
the results of males in the control group and significantly
higher by 36 % compared to the values of males in the
second group.

Oneoftheimportantindicatorsinanalyzing heartrate
variability is the vegetative balance index (VBI), which
reflects the adaptation of the cardiovascular system to
changing conditions. In male rats of the control group,
the HRV was 6.07+0.40 units. In male rats of the second
group, a significant decrease by 7.6% was recorded
compared to the values in the control group. Instead, in
male rats of the third group, this indicator significantly
increased by 21.4% compared to the results of males
treated with doxorubicin. There was also a tendency to
RVl increase, which was 6.85+0.53 units in males treated
with caffeine together with doxorubicin compared to
the results of male rats of the control group.

The tension index is an integral index that reflects
the state of the autonomic nervous system and
regulatory mechanisms. The male rats of the control
group had a tension index of 162.02+2.41 units. In
males of the second group, the TI value increased
sharply to 331.1445.52 units. Thus, we recorded the
most significant increase in one of the HRV indices
among male rats during our study, where the Tl was
by 104.4% higher compared to male rats of the control
group. On the contrary, male rats treated with caffeine
with doxorubicin were characterized by a significant
decrease in Tl by 24.4% compared to the results of male
rats of the second group and a significant increase by
54.4% compared to the values of male rats of the control
group.

Thus, the obtained results of VR in male rats of the
second group may indicate activation of the sympathetic
nervous system due to decreased cardiac output
efficiency. Thus, by increasing the heart rate, the body
tries to compensate for reduced tissue perfusion.
However, the administration of caffeine together with
doxorubicin to male rats significantly reduces this
index compared to male rats of the second group.
The corresponding dynamics of changes in the Mo
index described above may indicate a violation of the
autonomic heart regulation, and in case of doxorubicin-
treated males, it may serve as a marker of disease
progression. A significant increase in AMo in male rats
of the second and third groups compared to males of
the control group indicates a decrease in the overall
heart rate variability and activation of the sympathetic
nervous system. The sharp decrease in the variation
range observed in male rats of the second group shows
a decline in the adaptive capacity of their cardiovascular
system and a manifestation of dysregulation of the auto-
nomic nervous system and cardiac dysfunction. On the

contrary, caffeine administered together with doxorubi-
cin significantly reduced the VR index compared to male
rats of the second group.

RMSSD and pNN50 in doxorubicin-treated male rats
were characterized by a significant increase compared
with the control group male rats, indicating a decrease in
parasympathetic and an increase in sympathetic activity
as a compensation for pathological heart changes. On
the contrary, males treated with caffeine and doxorubicin
showed a tendency to increase the corresponding
indicators relative to the values of the control group
male rats. A sharp decrease in the coefficient of variation
in doxorubicin-treated male rats indicates a decrease
in the overall heart rate variability due to impaired
function of the autonomic nervous system. An increase
in the coefficient of variation in male rats treated
with caffeine together with doxorubicin indicates an
improvement in adaptive capacity of the cardiovascular
system, an increase in the parasympathetic nervous
system activity, or a restoration of the balance between
the sympathetic and parasympathetic nervous systems.
In this case, the combination of caffeine and doxorubicin
allowed us to obtain values of the coefficient of variation
close to those of the male rats of the control group
characterized by a significant increase compared to the
corresponding values in the male rats of the second
group, which may demonstrate an improvement in the
state of the cardiovascular system or a decrease in the
negative effects of disease or stress on a living organism.
A probable VBI decrease was recorded due to a decrease
in parasympathetic influence and predominance of the
sympathetic nervous system in doxorubicin-treated
male rats, which may indicate the beginning of the
depletion of the body’s adaptive reserves to a certain
extent. In male rats treated with caffeine together with
doxorubicin, we observed a significant VBI increase
compared to male rats of the second group and a
tendency to increase compared to male rats of the
control group. Such manifestations in the VBI dynamics
are observed due to unstable autonomic regulation
occurring in the early stages of cardiomyopathy or during
drug therapy, i.e. as a reaction to treatment. VBI is very
informative — if it is increased, it can be considered as an
improvement in the adaptive heart capacity, reduction
of stress, or treatment effectiveness but if there is an
excessive, atypical VBI increase, this may signal the
presence of pathology, which will require further
investigation. The tension index in doxorubicin-treated
male rats is characterized by the highest values among
all groups of rats and the maximum probable increase
among all HRV parameters compared to male rats in the
control group. The tension index — 331.14+5.52 in male
rats of the second group indicates a strenuous work of
the cardiovascular system due to the increased influence
of the sympathetic nervous system, as a compensation
for a decreased cardiac output, reducing the adaptive
reserves of the heart. It is the change in Tl that is one
of the important markers of cardiac dysregulation.
The corresponding dynamics in the Tl change can be
observed in many forms of cardiomyopathy. In some
cases, the compensatory effect of the parasympathetic
nervous system or the depletion of autonomic regulation
is manifested against the background of medical therapy,
which leads to a probable decrease in the Tl values. We
observed the corresponding dynamics of changes in Tl
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in male rats taking caffeine together with doxorubicin
compared to male rats of the second group.

Conclusions.

The rats treated with doxorubicin showed a signifi-
cant deterioration of the cardiovascular system, which
was manifested in a significant increase or decrease in
all HRV parameters studied by us and provided in this
article. These changes may indicate the development
of heart failure and myocardial hypertrophy, which is a
typical manifestation of doxorubicin-induced cardiotox-
icity. Male rats treated with caffeine in combination with
doxorubicin showed a significant improvement in most
HRV parameters, namely: HR, variation range, vegeta-
tive balance index, tension index, and coefficient of vari-
ation. Thus, these changes in male rats of the third group
demonstrate that caffeine can alleviate the negative
effects of doxorubicin on the heart, improving its con-
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tractile functions and reducing myocardial hypertrophy,
which indicates a possible protective effect of caffeine
on the cardiovascular system against doxorubicin-in-
duced cardiotoxicity. Thus, our HRV results indicate the
possibility of using caffeine as a supportive agent to re-
duce the cardiotoxic side effects of chemotherapy in fu-
ture clinical trials. They emphasize the importance of the
HRV method in studying the effectiveness of therapeutic
approaches and regulation of the autonomic nervous
system.

Prospects for further research.

Research should be aimed at studying both the po-
tential therapeutic properties and dosage of caffeine
and other similar compounds, which may affect strat-
egies for monitoring and correcting the cardiovascular
state of the body in clinical practice, not only in various
types of cardiovascular diseases.

MOAY/TIOIOYUIA BNIMB KOPEIHY HA NOKA3HUKU BAPIABE/IbHOCTI CEPLIEBOIO
PUTMY B LLYPIB 13 JOKCOPYBILMHOBOIO KAPAIOMIONMATIEO

[OHiNpOBCbKUIA HaLioOHaNnbHUIA yHiBepcuTeT imeHi Oneca loHuYapa (m. AHinpo, YKpaiHa)
mukvichv@ukr.net

OO0Hiero 3 HalinowupeHiwux rNcUXoaKmMuUBHUX pe4yosuH y ceimi € KogeiH. @izionoziyHuli edpekm KogpeiHy mae
8 CBOEMY apceHani AK MO3UMUBHI, MAaK i He2amueHi acnekmu enausy Ha xusuli op2aHi3mM, AKUl 3an1exume 8
nepuwy yepay 8i0 003y8aHHS, iHOUBIOYAAbHOI YymaAUBOCMi MaA NOYAMKOBUX XAPAKMePUCMUK CMaHy opaaHiamy. 3
KOXHUM POKOM criocmepicaemocs Auwe nidsulyeHHs pi8HA OHKO/02iYHUX 30X80PHBAHb. 3d MPO2HO3AMU 84eHUX
ma nikapie cmepmHicms 8i0 OHKO/02iYHUX 30X80PHOBAHL Y c8imi moxce cseamu 15,3 minelioHu cmepmeli WOPOKY
00 2040 poky. [oKkcopybiuuH — € 0OHUM 3 MPOBIOHUX XiMiomepanesmu4yHUX MNpernapamis y AiKy8aHHI pPi3HUX
8U0i8 OHKO/02iYHUX 3aX80pto8aHb. Monpu ceili mo3umusHUli 8NaAU8 HA OpP2aHi3M Npu iKYB8AHHI OHKO/02iYHUX
30x80pH08AHbL, O0KCOPYOIUUH Mae 3HAYHIi NobiYHi edpekmu. Memoro Hawoi pobomu € 00cniOHceHHA 8rausy KogeiHy
Ha eapiabenbHicmb cepyesoz2o pummy 8 yMoeax eKkcriepumeHmasnsHoi mooesni 0okcopybiyuHosoi kapdiomionamii
8 Wypie 3 Memoto 8usAeseHHSA io20 NomeHuyiliHo2o KapoionpomeKkmopHo20 ecpekmy ma moxcaueocmeli peaynauii
a8MOHOMHOI Hepgoeoi cucmemu. ocnidu npoeodunu Ha bGinux cmMamesgo-3pinux Wypax CaOMysx mpbox 2pyr
npomszom micauda. Peecmpysanu enekmpokapodioepamy (EKI) y camuyie wypie ma ouiH08aAU MOKA3HUKU AHAsI3Y
sapiabenbHocmi cepuyesozo pummy (BCP) 3a P.M. baescoKum. Y wypis, aKi ompumysanu 0oKcopybiyuH, MOMHA
8i03HAYUMU 3HAYHE Mo2ipUIeHHS CMAHy cepueso-cyOUHHOI cucmemMu, Wo NpPosABAAnoC y 8ipo2ioHOMY nid8UUeHHI
YU 3HUMCEHHI 8Cix 0ocniOHeHUX HaMu rnoKasHukie BCP, sKi npedcmassneHri 8 0aHili cmammi. Y camuie wypis, AKi
ompumyeasu KogpeiH pazom 3 00KcopybiyuHOM npocmexcyeasu 3Ha4YHe noKpaweHHs binbuwiocmi nokasHukKie BCP,
a came: YCC, BP, IBP, IH ma KoeghiuieHmy eapiauii. Ompumari Hamu pe3yasmamu BCP eka3zyroms Ha MOX1uU8iCMb
BUKOPUCMAHHSA KOogheiHy AK niompumyoyo2o 3acoby 015 3HUMEHHA KapOioOmOKCUYHUX eghekmis ximiomeparii y
MalibymHix KaiHiYHUX 0ocnidxceHHAM. BoHu nidkpecaooms 3Hayywicme memody BCP y sus4yeHHi epekmusHocmi
meparnesmu4Hux nioxoois i peaynayil amMoHOMHOI Hepeoesoi cucmemu.

Knrovoei cnoea: mokcu4yHicms, opeaHiam, 8raue cmumynaamopis, papmakosnoeis, okcudamusHuli cmpec.

38’A30K nyb6niKauii 3 n1aHOBMMM HAayKOBO-AOCAIA-
HUMU poboTamu.

PoboTta € ¢parmeHTom HAOP «®disionoro-6ioximiyHi
MEeXaHi3MM OHTOreHeTMYHOro PO3BUTKY Ta adanTaLii 4o
CTpecy pi3HOro reHesy» (Homep Aep:kaBHOI peecTpauil
0119U100105) Ta BMKOHaHHSA 3aBAaHb NepcrnekTMBHOro
nnaaHy pPo3BUTKY HayKoOBOro Hanpamy «bionoria Ta oxo-
poHa 300poB’A» [JHINPOBCbKOro HaLLiOHa/IbHOTO YHiBEp-
cuteTy imeHi Oneca loHuapa «OLiHKa cTyneHa cTpec-pe-
aKuii 6iocuctem A0 30BHIWHIX | BHYTPILHIX BNAMBIB»
(Homep aeprkaBHOT peecTpauii 0122U000059).

Bcryn.

OfHi€0 3 HAWMOLWMPEHILLIMX MCUXOAKTUBHUX peyo-
BMH Yy CBIiTi € KodeiH [1, 2]. BignosigHa peyoBuMHa, fiKa
HaNeXWTb [0 Kfacy afikanoifiB NMypuHOBOrO pAdy €

npegMeToM YUCIEHHUX HAYKOBWUX OOCNIAMKEHb W [0
CbOroAHi, He BTpavaloum CBOEI akTyanbHOCTI. OCKiNbKu
dizionoriyHmit edpeKkT KodeiHy Mae B CBOEMY apceHani
AK NO3UTUBHI, TaK i HEraTUBHI aCMEeKTU BMN/IUBY HA XKUBUI
opraHiam. Tak, KodeiH MoxKe niaBuLLyBaTU apTepiab-
HUIM TUCK | YaCTOTy CEPLEBUX CKOPOYEHb, CMIPUATU pPU-
31Ky PO3BWUTKY OCTEOMOPO3y Yepe3 BUBEAEHHA Kajlb-
L0 3 OpPraHiamy, TaKMM YMHOM 3HMNKYHUU LLiNBbHICTb
KICTKOBOI TKaHWHW, MiABULLYBATU KUC/IOTHICTb LUAYHKY,
3HUMKYBATM AKICTb CHY Ta nopywysaTv ¢a3n rnbokoro
CHY, LLO MOXe MPU3BECTU 40 PO3BUTKY BE3COHHA, TpU-
BOXHMX CTaHiB, Towo. MNopsas 3 uMm KodeiH 3meHLye
NoYyTTA BTOMMW, OCKiZIbKM B/I0KYE a,eHO3UHOBI peLenTo-
pY B MO3KY, NOKPALLYyE KOHLEHTPALLito yBaru, WBUAKICTb
peakuii Ta KOpoTKo4yacHy nam’saTb, niasuuye isnuHy
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BUTPUBANICTb | NPOAYKTUBHICTb, CTUMY/IOOUYM BUBI/b-
HEHHA agpeHaniHy, cnpuae NiABULWEHHIO MeTabonismy
i TepmoreHesy, Towo [3]. OTXKe, NPOAB TOro UM iHLWIOrO
BNAMBY KOodeiHy Ha KMBUIN OPraHiam 3ai1eXnTb B nepLuy
yepry Big [A03yBaHHA, iHAMBIAYaNnbHOI YyTAMBOCTI Ta
NOYaTKOBUX XapaKTEPUCTUK CTaHy opraHiamy. MomipHe
CNOXXMBAHHA MOKE MATU MO3UTUBHI edeKTU, HagMipHe
X — NpusBecTu o HebarkaHux Hacniakise [4, 5].

disionoriyHi Ta dapmakonoriyHi edekTn KodeiHy
OOCNIAXKYIOTbCA B Pi3HUX chepax meauuMHK, a came
Kapaionorii, OHKoNOrii, HeEBPONOFii Ta iHWMX. 3 KOXK-
HMM POKOM CMOCTEpPIraeTbCA AnLIE MiABULLEHHA PiBHA
OHKOJIOTIYHMX 3aXBOPOBaHb, AKi cTaHOM Ha 2024 piKk €
OZHI€0 3 NPOBIAHMX NPUYNH CMEPTHOCTI B CBITi, MOCTY-
NalyunCh nLLe cepLeBo-CyANHHUM 3aXBOPIOBAHHAM. 3a
NPOrHO3amm BYEHUX Ta NiKAPiB CMEPTHICTb Big OHKONO-
riYHMX 3aXBOPIOBAHb Y CBIiTi MOXKe cArat 15,3 mMinbiioHK
cMmepTel Wopoky Ao 2040 poky [6]. JokcopybiumH — €
OAHMM 3 NPOBIAHUX XiMiOTepaneBTUYHMX NpenaparTis y
NiKYBaHHI Pi3HMUX BWAiIB OHKO/IOMNYHMX 3aXBOPIOBAHb.
MexaHi3m Moro pgji rpyHTYeTbCA Ha MowkoaKeHHi JHK
PaKOBUX KANITUH, MepeLlKoAXatoun TaKUM YMHOM iX-
HbOMY MoAanbWOMy pocCTy Ta noginy [7]. Monpwu cein
NO3UTUBHWUI BM/IMB Ha OPraHiam Npu NikyBaHHI OHKOO-
riYHUX 3aXBOPOBaHb, AOKCOPYOILMH MA€ 3HAYHI NOBGIYHI
edekTn. Bigomo, Wwo AoKkcopybiumH 34aTHUIA BUKANKATU
OKCMAATUBHUI CTPEC Y KNiTUHAX [8], @ TaKOXK xapaKTepu-
3YETbCA KapAiOTOKCUYHICTIO, WO NPOABNAETLCA Y BUTNALI
OECTPYKTUBHO-ANCTPOPIYHMX 3MiH Y MiOKapAi TBapWH Ta
MOKe NPM3BECTU A0 PO3BUTKY CepLEeBOi HEAOCTATHOCTI,
KapgiomionaTii UM iHWKX cepueBO-CyaMHHUX 3aXBOPHO-
BaHb [9, 10]. BinbLWwicTb AOCNiIAHMKIB BUBYAIOTb KOPUTYHO-
yy Aito Pi3HUX PEYOBUH NpU OOKCOPYBILMHOBIN Kapaio-
mionarTii 33414 NOLWYKy MeXaHi3MiB KapaionpoTekuii [11,
12]. Mu maemo rinoTtesy, wo KodeiH, 3aBAAKM CBOIM aH-
TUOKUOAHTHUM BNACTUBOCTAM, MOXKE NPOABAATU NO3U-
TUBHUIN edEeKT y 3axMCTi cepua Ta cepLeBoro m’ssa npu
3acToCyBaHHI AOKCOpPYOHiLMHY.

MeTta gocnigKeHHs.

LocnigskeHHsa BnanBy KodeiHy Ha BapiabenbHicTb
CepLeBoro pUuTMy B YMOBax eKCnepMMeHTabHOI moae-
Ni AoKcopybiuMHOBOI KapgiomionaTii B WypiB 3 MeTow
BUAB/IEHHA MOro MOTEHL,iMHOIO KaphionpoTEeKTOPHOrO
edeKTy Ta MOKAUBOCTEW perynaujii aBTOHOMHOI HepBoO-
BOI CUCTEMMU.

O6’eKT i meTOaU AOCNiAXKEHHA.

YTPUMaAHHA LWypiB Ta €eKCnepuMeHTaNbHi [ochi-
OsKeHHA bynun nposeaeHi 3rigHo NpaBua «EBponencbKoi
KOHBEHLLIT 3aXMCTy XpebeTHUX TBapWH, AKi BUKOPUCTO-
BYIOTbCA ANA €KCNEepPUMEHTANIbHUX Ta iHWWX HAyKOBUX
uineri» (Ctpacbypr 1986) Ta «MoNoKEHHSA NPO BUKOPU-
CTaHHA TBAapWH B BiomegunyHUX gocnigax», BiAnoBiAHO
8o Aupextmusn 2010/63/€C Bia 22 sepecHa 2010 poky
Npo 3aXWCT TBAPWH, LLO BUKOPUCTOBYIOTLCA /1A HAyKO-
BUX Winen. EKcnepumeHTU 3aTBEPAKEHI KOMICi€to 3 bioe-
TUKM [IHINPOBCHKOrO HaLLIOHAILHOTO YHIBEPCUTETY iIMEHI
Oneca loH4apa.

Jocnian nposoaunu Ha 6innx ctateBo-3pinmx Wwypax
camuax (3a Knacudikauietro nabopaTopHUX TBApUH 3a-
nagHiokKa I.M.) [13] npoTarom micAus. 340p0oBMX TBAPUH
BMMAAKOBMM YMHOM po3noginunun Ha Il rpynun (no 12
0COBMH B KOXHili): | — KOHTPOMbHA Fpyna CamMLiB LLypiB,
AKMM 32 AOMOMOrOK 30HAY B LWAYHOK BBOAMAM i3i-
ON10FiYHUI po3unH (1 mr/kr), Il — rpyna camuis Liypis,
AKUM 33 JOMOMOTO 30HAY B LWJIYHOK BBOAMAM 1 mr/

Kr fokcopybiumHy, Il — rpyna camuis LLypiB, AKUM BHY-
TPilHbOLWNYHKOBO BBOANAM KodeiH (25 mr/Kr Ha ao6y)
Ta AOKcopyBiLumH (1 mr/Kr).

Ona wypiB, AKi BXOAMAW B [OCAIAXKYBaHi rpynw,
nepez No4YaTkom NPoBeAeHHA eKCnepuMeHTaIbHOI Ya-
CTUHM Halwoi poboTM NPOBOAUAN KapaHTMH BiAMNOBIAHO
[0 BCiX NpaBuA 300ririeHn. TBapuHKU BIiANOBIAHUX [OCAI-
AXKyBaHUX rpyn nepebyBanu 3a CTaHAAPTHUX YMOB yTpU-
MaHHs, AKi BiZobparkanunch y 4OCTaTHbOMY TeMNepaTyp-
HOMY PeXKMMi, OCBITNEHOCTI Ta BONOrOCTi B MPUMILLEHHI
BiBapito, @ TAKOXK 32 YMOB 3BMYAMHOr0 Xap4yoBOro paLLio-
HY B po3paxyHKy Aobosoi noTpebu Ta HeobmekeHOCTi
Yy NMUTHIN BOA,.

Enektpokapgiorpamy (EKF) peectpyBanu B camuis
WypiB 3a AOMNOMOroOK ronyatux enektpogis (Il craH-
JapTHe BigBeaeHHA). 3anuc Ta undpose nepeTBopeH-
HA curHany EKI npoBoaunun Ha enektpoKapaiorpadiy-
HOMY KOMMJIEKCi 417 NPOBEAEHHA LUMPOKOrO CMeKTpy
KapaionoriyHnx pgocnigkeHb «KAPAIONAB» (XAI-ME-
OUVKA, m. Xapkis, YkpaiHa). TpuBanicTb KOXHOro 3a-
nucy EKI wypis — 1 xBuamHa. OuiHOBaNAM NMOKA3HUKMK
aHanisy BapiabenbHocTi cepueBoro putmy (BCP) 3a
P.M. BaeBcbkum [14]. BU3HaYanu 3HayeHHA cepeaHboil
YyactoTM cepuesux ckopodeHb (YCC), moay (Mo),
amnnityay moanm (AMo), BapiauiiHmii posmax (BP),
KoediuieHT Bapiauii (KB), iHaeKc BereTaTUBHOI piBHOBArm
(IBP), iHaekc Hanpyru (IH), a TakoX 4acoBi NoKasHUKMK
BCP — RMSSD (cepegHbOKBagpaTUUHe BiAXWMAEHHSA),
pNN50 (BiacoTok NN-iHTepBanis i3 pisHuLel > 50 mc).

CTaTUCTUYHY OBPODOKY OTPUMAHWMX pPe3ynbTaTiB BU-
KOHaHO B nporpami Statistica 6.0. Pe3ynbtaTnt npeacras-
neHiy surnagi Mtm, ae M — cepegHe apuomeTmyHe, m
— CTaHAapTHa NOMW/IKa cepeaHboro. Pesynstat 06po-
61A1M HenapameTpUYHUMM CTAaTUCTUMHUMU METOLAMM,
BipOriAHMMM BBaXKann 3HaveHHa npu p<0,05.

Pe3ynbTatu AocnigyKeHHA Ta ix 06roBopeHHs.

3 MeTolo AoCNiAKeHHA ocobnmBocTen BNAMBY Kodei-
HY B yMOBax AoKcopybiunHoBoOI KapaiomionaTii B camu,is
WwypiB 6yno BMKOPUCTAHO MeTog BapiabenbHOCTi cep-
uesoro putmy (BCP). Llelt niaxia A03BOAMB 34iACHUTH
KOMMIEKCHY OLiHKY QYHKLIOHANbHOrO CTaHy opraHiamy,
30Kpema aHani3 AiANbHOCTI aBTOHOMHOI HEPBOBOI CUC-
TEMW, WO € BAXKIMBMM MapKEPOM afanTalilHUX pe-
aKLUi Ta perynsaTopHMX MexaHi3amiB cepLeBO-CYAUHHOI
cuctemn. OCKilbKM BigNOBIAHWMIA MeTon, € yHiBepcasb-
HUM IHCTPYMEHTOM A/1A BUBYEHHA afanTaLiiHUX MOXK-
JIMBOCTEN OpraHiamy, a TaKOXK MA€ BMCOKY AiarHOCTUYHY
i MPOrHOCTUYHY LiHHICTb, MOr0 aKTUBHO BMKOPUCTOBY-
I0Tb Mif, Yac NPOBeAEHHA Pi3HOrO poAy HayKOBUX A0CHi-
OxeHb [15].

MpoaHanisysaswmn YCC cnig Big3HAUMTH, WO Y Cam-
LiB KOHTPOAbHOI TPYynNn AaHWA MOKA3HUK CTAHOBMUB
456,33%4,25 ya/xs. Y camuis gpyroi rpynu YCC 6yna Ha
9,2% BiporiagHO BULLOK B MOPIBHAHHI 3 CAMUAMM KOH-
TPO/IbHOI rpynun. HaTomicTb Nicaa MicAYHOrO LWOAEHHOrO
BXMBAHHA camuamM KodeiHy pasom 3 JOKcopybiLMHOM
iXxHA YCC xapaKTepmnsyBanacb TEHAEHLLIEI A0 3HMUMKEHHA
B NOPIBHAHHI 3 pe3ynbTaTaMm CamL,iB APYroi rpynu, ane
B TOW CaMWMI YaC MU NPOCTENKYBANM HABNMKEHHSA AaHO-
ro NOKasHWKa A0 pe3ynbTaTiB KOHTPOJIbHOI rpynu, xo4a
M Npy LbOMY MPOABAANACH TEHAEHLIA A0 HEe3HAYHOro
nigBULLEHHA.

MoKa3HMK O4HOro 3 nMapameTpiB BapiauinHOI nyab-
COMeTpIi, AKMI ABNAE cOBOD 3HAUYEHHS IHTEPBaNiB MiX
CepLEBUMM CKOPOYEHHAMM, AKI 3yCTpivatoTbCA Hanyac-
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Tilwe B MaKCMManbHOMy po3pagi rictrorpamu R-R y cam-
LiB LLLypiB KOHTPONBLHOI rpynu cTaHoBMB 456,25+10,11 c.
Y camLiB 3 4OKCOPYb6iLMHOBO KapaiomionaTielo AaHuWM
NMOKa3HMK XapaKTepmn3yBaBCA BiporigHMM NiABULLEHHAM
y 1,2 pa3u B NOpiBHAHHI 3 CaMUAMM KOHTPONbHOI FPynu.
OpHak nokasHMK Mo y camuiB TpeTboi rpynu xapakTe-
pU3yBaBCA TEHAEHLEID A0 3HUKEHHA BIAHOCHO CaMLiiB
LpYroi rpynu Ta TeHAEHLIED A0 NiABULLEHHA B NOPiB-
HAHHI 3 CAMLUAMM KOHTPOBHOI rpynu.

Y camuiB LypiB KOHTPO/IbHOI FPyNK BiACOTOK KapAi-
OiHTepBaniB, AKi HalyacTiwe 3ycTpivatoTbes, abo Yncno
KapaioiHTepBanis (y % Big 3aranbHOro ix Yncna), Wwo Bia-
noBiAalTb Aiana3oHy Moau cTaHoBUTb 82,34112,23%.
Y camuiB WypiB Apyroi rpynu cnocTepiranu siporigHe
nigBULLEHHA NOKa3HMKa AMo Ha 17,3% y nopiBHAHHI 3
NMOKa3HMKOM CaMLiB KOHTPO/AbHOI rpynu. Camu,i LiypiB
TPETbOi rPyNn TaKOX XapaKTepusyBa/ZMCb BipOTiAHUM
niaBMLLLEHHA BiANOBIAHOrO NOKa3HMKa Ha 13,6% BigHOC-
HO pe3y/bTaTiB CaMLiB KOHTPOAbLHOI rpynu. HatomicTb
TEeHAEHL,0 [0 3HMXKeHHA AMO NpocTexyBaan B CaMLiB,
AKUM BBOAMAWN AOKCOPYOiLMH pasom 3 KodeiHom y no-
PiBHAHHI 3 CaMUAMM, SKMM BBOAMM NvLie AOKcopybi-
LMH.

Y camuiB wWypiB, AKi OTPUMYyBanuW [OKCOPYOILUH
cnocTepirann 3HayHe BiporigHe 3HUMKEHHA PI3HULI MiX
TPMBaNiCTIO HaMbINbLWIOro Ta HAMMEHLLOro KapaioiHTep-
BaniB Ha 42,23% y NOPIBHAHHI 3 CaMUAMM KOHTPONbHOI
rpynu. Camui AKi oTpumyBanun KodeiH pasom 3 JOKCOpY-
6iLMHOM BiA3HAYMAUCL TEHAEHLIED A0 3HUMKEeHHA BP
BiLHOCHO LLbOro NOKa3HMKa B CaML,iB KOHTPOJIbHOI rpynu
Ta BiporiagHMM Moro niasuweHHAM Ha 20,7% y NOpiBHAH-
Hi 3 pe3y/aibTaTaMu CamLLiB, AKi OTPMMYBAIN INLLIE JLOKCO-
py6iunH. TakoxK Hamu 6ynM NpoaHani3oBaHi NOKa3HUKK,
AKi NOB’A3aHi 3 NapacMMMNATUYHOK aKTUBHICTIO aBTOHOM-
HOi HepBoBOI cuctemu, a came RMSSD Ta pNN50. Y cam-
LiB LLYPiB KOHTPOAbLHOI rpynun nokasHMK RMSSD, sKkuit €
OAHMM i3 KNHOYOBUX YacoBMX NOKasHKUKIB BCP Ta € Bigo-
6paXKeHHAM KOPOTKOCTPOKOBMX 3MiH B iHTEpPBasax Mix
NOCNiJOBHUMN CEPLLEBMMM CKOPOYEHHAMWU CTAHOBMB
9,63+0,39 mc. BignoBiaHWM NOKAa3HUK Yy cCamu,i LLYpPiB, AKi
OTPMMYBaNUN AOKCOPYDILMH XapaKTepusyBaBcA Biporia-
HUM 3HUKeHHA Ha 90,3% BiAHOCHO pe3y/bTaTiB CaMLiB
KOHTPONbHOI rpynu. Lle cBiAYMTb NPO 3MeHLWeHHA napa-
CUMMATUYHOI aKTUBHOCTI, LLLO CYNPOBOAMKYETbCA ANCOa-
JIAHCOM Y BereTaTuBHili HEPBOBIN AifNbHOCTI. TAKOXK He
€ BUK/IIOYEHHAM, LLO CaMe TOKCUYHWI BMJIMB LOKCOPY-
6iLMHY Ha cepue cnpuAe BigNoOBiAHOMY 3HAaYHOMY Bipo-
ri4HOMY 3HMXKEHHIO MapacMMMNaTUYHOI aKTUBHOCTI, O
Bif0OpParkaeTbCcA Ha MokasHMKax RMSSD. Camui Liypis,
AKI OTPUMyBann AOKCOpybiLMH pa3om 3 KodeiHoM Tex
BiA3HAYMAUCL BiPOriAHUM 3HUMKEHHAM RMSSD, skui
cTaHoBuMB 5,31+0,34 mc Ta 6yB BuLLe Ha 81,36% y nopis-
HAHHI 3 pe3ynbTaTamy CaMLiB KOHTPOAbHOI rpynu. Mpwu
ubomy 6yno 3adikcoBaHo, WO BigNOBIAHWA pe3ynbTaT
Yy CamLiB TPeTbOi Fpynu XapakTepu3yBaBCA TEHAEHLIED
00 36iNblleHHA BiAHOCHO AAHOrO MOKa3HWMKa B Camu,iB
Lpyroi rpynu. BignosigHy AMHAMIKY 3MiH MiX camuamm
LOCNIgXKeHUX HaMu rpyn maB i nokasHKK pNN50. Y cam-
LiB LWYypiB 4PYroi rpynu BiH 3a3HaB 3HAYHOTO BipOrigHO-
ro 3HU)KeHHA Ha 48,2% y NOpPIBHAHHI i3 3HAaYeHHAMMU B
CaMLiB KOHTPO/IbHOI rpynu. HaTomicTb camuii, AKi oTpu-
MyBann KodeiH Ta AOKCopybiLnH XapaKkTepusyBaaucb
TEeHAEHL€0 A0 NiABULLEHHA JaHOTO NOKa3HMKa BigHOC-
HO 3HaYeHb Yy camLiB 4pYroi rpynu Ta BiporigHUM 36inb-

LWEeHHAM Ha 34,6% Yy NOpPiBHAHHI 3 pe3y/bTaTaMK CamLLiB
KOHTPONbHOI rpynu.

KoeodiuieHT Bapiauii B camuiB LWwypiB KOHTPOJIbHOI
rpynu ctaHoBuB 370,7216,32%. Y camuiB WwypiB, AKi oT-
pumyBanu AoKopy6iLUMH BiANOBIAHWIA NMOKA3HMK 333HaB
pi3KOro 3HM>keHHA Ha 31,6%. HatomicTb y camui LiypiB.,
AKi oTpumyBanu KodeiH pasom 3 JOKcopybiLuMHOM 3a-
odikcyBanmn KoeoiuieHT Bapiauii — 383,315,21%, wo €
[OCUTb HabAWMMKEHWM 33 3HAYEHHAMM [0 pe3ynbTaTiB
CamLiB KOHTPONbHOI FPynu Ta BiporigHO BULLMM Ha 36%,
NOpPIBHAHO A0 3Ha4YeHb CaMLLiB 4PYroi rpynu.

O4MH i3 BaXNMBMX NOKA3HWKIB NpW aHanisi Bapia-
6enbHOCTI cepLeBoro puTMy — Le iHAEeKC BeretaTMBHOI
pisHoBaru (IBP), wo € BigobpaxkeHHAM aganTauii cepue-
BO-CYAMHHOI CMCTEMM A0 3MIHHMX YMOB. Y camu,iB LLypiB
KOHTpOnbHOI rpynun IBP craHosue 6,07+0,40 ym.og,.
Y camuis gpyroi rpynu 3adikcyBanum BiporigHe 3HW-
YKEeHHA Ha 7,6% y MOpPIBHAHHI 3i 3HAYEHHAMM B CamML,iB
KOHTPONbHOI rpynn. HaTOMIiCTb y camu,iB LLypiB TPeTbol
rpynu AaHWI NOKa3HMK BipPOrigHO NiABULLMBCA B NOPIB-
HAHHI 3 pe3yabTaTaMW CaML,iB, AKi OTPUMYBaN LOKCO-
py6iunH Ha 21,4%. TaKoX BiA3HaAYMAM TeHAEHUi 40
nigBULLEHHA NOKasHWKa IBP, Akuii ctaHosuB 6,85+0,53
YM.OZ. Y camL,iB, AKi oTpuMmyBanu KodeiH pa3om 3 AOKCO-
pybiuMHOM BiAHOCHO pe3ynbTaTiB CaMLiB LYypPiB KOH-
TPOLHOI rpynu.

IHAEeKC Hanpyru — Le iHTerpanbHUiA NOKa3HUK, AKUI
BiflOOparkae CTaH BereTaTMBHOI HEpPBOBOI CUCTEMM Ta
PerynaTopHMX MexaHiamiB. Y camu,iB KOHTPOAbHOI rpynu
nokasHuk IH craHosuB 162,02+2,41 ym.oa. Y camuis
Apyroi rpynu 3HaveHHA IH pi3ko 3pocno go 331,14+5,52
ym.og. TakMm 4ymMHOM, MW 3adikcyBanu Halbinblwe Bi-
porigHe nigBuLEeHHA ogHOro 3 nokasHukis BCP cepeg
CaMUuiB WYypiB Nig Yac Haworo AocnigxKeHHs, ae IH Ha
104,4% 6yB BUWMM Yy NOPIBHAHHI 3 CAMLAMM KOHTPO/1b-
HOi rpynu. HatomicTb camui LWwypiB, AKi OoTpMmyBaam
KodeiH 3 AOKcopybiLMHOM XapaKTepusyBanuCb BipO-
rigHMm 3HMKeHHAam IH Ha 24,4% BigHOCHO pe3ynbTaTiB
CcaMLiB Apyroi rpynu Ta BiporigHUM NigBULLEHHAM Ha
54,4% nopiBHIOIOYM i3 3HAYEHHAMM CaMLLiB KOHTPOJIbHOT
rpynu.

OTKe, oTpMMaHi Hamu pesyabtatn YHCCy camuis gpy-
roi rpynu MOXyTb CBiAYMTM NPO aKTUBALLIFO CUMNATUYHOT
HEPBOBOI CUCTEMM 3@ PaXYHOK 3HUKEHHA edeKTUBHOC-
Ti cepueBoro BUKMAy. Takum YmHom, nigsuiytoum YCC
OpraHi3aMm HamaraeTbcA KOMMNEHCYBATU 3HMKeHY nepdy-
3it0 TKaHMH. OfHaK BXWMBAHHA CaMUAMM LWypiB Kodei-
HYy pa3om 3 AOKCOPY6ILMHOM BipOrigHO 3HUXKYE AaHUN
NOKA3HWK Yy NOPIBHAHHI 3 camuAMM Apyroi rpynu. Bigno-
BigHa AMHAMIiKa 3MiH NOKa3HMKa Mo, AKa onncaHa Hamum
BMLLE, MOXEe CBiAYMTM MpPO MNOPYLIEHHA AaBTOHOMHOI
perynauii cepud, a y BUNaAKy CaML,iB, AKi oTpumyBanm
[OKCOPYBIiLMH, MOXKe CNyryBaT MapKepom nporpecy-
BaHHA 3axBOplOBaHHA. BiporigHe 36inbweHHAa AMo y
CaMU,iB LypiB APYroi Ta TPETbOi rpynu BiAHOCHO CamLiiB
KOHTPONbHOI TPynu CBiAYMTb NPO 3HUXKEHHA 3arajb-
HOI BapiabenbHOCTI cepueBoro pUTMy Ta aKTMBI3aL,io
CMMMATUYHOI HEepPBOBOI cuctemu. Piske 3meHweHHA BP
y CamuiB gpyroi rpynu, ake mMu 3adikcyBasim € CBiaAYeH-
HAM 3HMMKEHHAM aganTauiliHoi 34aTHOCTI IXHbOI cepue-
BO-CYANHHOI CUCTEMM Ta MPOABOM NOPYLUEHHA perynaii
aBTOHOMHOT HEPBOBOI CMCTEMM Ta cepLeBOoi AUCHYHK-
uii. HatomicTb KodeiH, AKUI NpUiiManm Wypu pasom 3
OOKCOpYbBiLMHOM BiporigHO 3HU3MB NOKa3HMK BP nopis-
HIOOYM 3 CamUAMM APYroi rpynu.
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MoKkasHMKKM RMSSD Tta pNN50 y camuiB wypis, AKi
OTPMMYBANN [OKCOPYOILUMH XapaKTepu3yBanucb Bipo-
rgHUM NigBULLEHHAM AKLLO NOPIBHIOBATM 3 CaMUAMM
KOHTPO/NbHOI FPYN#, LLO CBiAYNTb NPO 3HMMKEHHA napa-
CMMMATUYHOI Ta 3POCTAaHHA CUMMNATUYHOI aKTUBHOCTI, AK
KOMMEHCcaLii NnpM NaToNoriYHMX 3MiHax cepuAa. HaTomicTb
Yy CaMLiB AKi OTpUMYyBasM KodeiH Ta 4OKcopybiumH crno-
cTepirann TeHAeHLio A0 NiABULLEHHSA BiANOBIAHMX NO-
Ka3HWKIB BiZAHOCHO 3HAaY€Hb CaMLLiB KOHTPO/IbHOI rpynu.
Pi3ke 3HMKeHHA KoedilieHTy BapiaL,ii y camLiB, AKi OTpK-
MYyBaNN JOKCOPYOBILUMH CBIAYNTL NPO 3HWUMKEHHA 3arajib-
Hoi BapiabenbHOCTi cepLeBoro puTMy Yepes nopyLIeHHnA
dYHKUii aBTOHOMHOI HepBOBOi cuctemu. [MigBULLEHHS
KoedilieHTy BapiaLii B camuiB WypiB, AKi oTpumMmyBanm
KodeiH pasom 3 AoKcopybiuMHOM CBiAYMTb NPO MOKpa-
LWEeHHA CTaHy aganTaLuiliHOi 34aTHOCTI cepLeBO-CyANH-
HOT cMcTeMu, 36iNblUeHHS aKTUBHOCTI NapacumMmnaTUYHOT
JTaHKM HepBOBOI perynauii, abo K BigHOBAEHHA 6anaHcy
Mi’}K CMMMATMYHOI Ta MapacMMNATUYHOK HEPBOBOIO
cuctemoro. Y gaHOMY BMNAAKY, 3aBAAKW MOELHAHHIO
KodeiHy 3 AOKCOpYBILMHOM MM OTPUMANU 3HAYEHHA
KoedilieHTy Bapiauii HabAuKeHi 40 3HayeHb caMuiB
KOHTPONIbHOI TPYNW, fKi XapaKTepusyBaJnUCb 3HAYHUM
BipOriAHUM NiABULLEHHAM MOPiIBHIOKYM iX 3 BiAMNOBIA-
HMMW MOKa3HWKaMM y CaMLiB APYroi rpynu, Lo MOKe
OEeMOHCTPYBaTU MOKPALLEHHA CTaHy cepueBo-CYAUHHOI
cMcTemMm abo 3HMMKEHHA HEraTMBHOIO BMJ/IMBY XBOPO6MU
YK CTPEeCy Ha KMBUIN opraHiam. BiporigHe 3HMKeHHA IBP
biKCYETbCA Yepe3 3HUKEHHA NMapacMMNaTUYHOrO BM/IU-
BY Ta NpeBa/ItoBaHHA CMMMNATMYHOI HEPBOBOI CUCTEMU B
CcaML,iB WYPIB, AKI OTPMMYyBanu AOKCOPYOILUH, WO MOXKe
CBiZ4MTM NPO NMOYATOK BUCHAXKEHHSA B NEBHIN Mipi agan-
TaUiMHWX pe3epBiB opraHiamy. Y camu,is LLypiB, AKi oTpK-
MyBasn KodeiH pasom 3 goKcopybiumHom 3adikcyBanm
BiporigHe 36inblieHHA noka3HMKa IBP y mopiBHAHHI 3
camuAMM ApPYroi rpynu Ta TeHAEeHUilo A0 NiABULLEHHA
BiZlHOCHO CaMLiB KOHTPO/IbHOI rpynu. MogibHi npossu
B AMHaMiLi nokasHuMKa IBP cnocTepiratoTbes y 3B'sA3Ky
3 HecTabinbHO aBTOHOMHOI perysaLieto, Wo cnocTe-
piraeTbcA Ha paHHiX cTagiax Kapaiomionarii, abo * npwm
MeANKaMEeHTO3Hi Tepanii, TOBTO AK peakL,in Ha NiKyBaH-
HA. MNMoKa3sHuK IBP € gyke iHGopmMaTUBHUM, Y BUNAAKY
MOro NigBULLEHHA Ta MOXKE PO3INAAATUCA AK MOKPALLEH-
HA afanTauiHOI 34aTHOCTI cepuA, 3HUKEHHA CTPecy Y
ebEeKTUBHICTb NiIKYBaHHA. AKLWO K MPOCTEXKYETbCA HaA-
MipHe, HeTunoBe MmiasuweHHA IBP, TO ue moxKe curHa-
Ni3yBaTM Npo HaABHICTb NaTonorii, Aka noTpebysBaTume
noganblWunxX A0CAIAMKEHb NMPUUUH ii BAHUKHEHHA. |[HOEeKC
HanNpyry1 B cCamLiB, AKi NpUiAManm AOKCOPYDILMH Xxapak-
TEPU3YETLCA HAMBULLMMM NOKA3HMKAMU cepeg, BCiX rpyn
LWypiB Ta MAKCMMaAbHUM BIpPOrigHMM MNiABULLEHHAM

cepeg, ycix nokasHukiB BCP y nopiBHAHHI 3 camuamu
KOHTPOANbHOI rpynu. lHaeKc Hanpyrn — 331,1445,52 y
camLUiB APYroi rpynu CBiAYMTb MPO Hanpy»KeHy poboTy
CepLeBO-CYAMHHOI CUCTEMM 3@ PaxyHOK MOCWUJIEHOTO
BM/IMBY CMMMATUYHOI HEPBOBOI CUCTEMU, AK KOMMEHCca-
LA 3HWKEHHA CepLeBOro BMKMAY, WO NPU3BOAUTL A0
3HWKEHHSA afanTauiiHux pesepsis cepua. Came 3miHa
IH € oAHUM i3 BaXX/IMBUX MApKepiB NPOABY NOPYLUEHHA
perynauii cepua. BianosigHa AMHaMIKa B 3MiHi NOKa3HU-
Ka IH cnocTepiraetbca npu 6aratbox dopmax Kapgiomi-
onatin. Y geakux BUNagKax Ha TAi NikyBanbHOI Tepanii
NPOABNAETbCA KOMMEHCATOPHA AiA MapacumMnaTUYHOI
HEepBOBOI cMCTEMM abo K BUCHAXKEHHS aBTOHOMHOI pe-
rynagii, wo " npusBoguTb A0 BiPOriAHOTO 3HUMKEHHSA
3HayeHb |H. BignosigHy AWMHamiKy 3MiH nNoKasHWKa IH
MM NPOCTEXKYBANN B CaMLLiB LLYPiB, AKI Npuimanm Kode-
TH pa3om 3 AOKCOPYBILMHOM Y MOPIBHAHHI 3 camuAMMK
Apyroi rpynu.

BucHoOBKM.

Y wypis, AKi oTpuMyBann AoKcopybiLuuH, MOXKHa Bif-
3HAYUTM 3HAYHe MOripLeHHA CTaHy CepLeBO-CYAUHHOI
CUCTEMMU, LLO NPOABAANOCH Y BipOriAHOMY MiABULLEHHI
YW 3HUMKEHHI BCiX AOCNIAMXKEHUX HAaMKM MOKa3HuKiB BCP,
AKi NpeacTaBieHi B AaHil cTaTTi. BignosigHi 3miHM mo-
KYTb CBilMUTM NPO PO3BUTOK CepLLEBOI HEAOCTATHOCTI Ta
rinepTpodito mioKapAay, Wo € TUMOBMM NPOSBOM KapAio-
TOKCMYHOCTI, AKA CNPUYMHEHA AOKCOpYBiLMHOM. Y cam-
uiB Wypis, AKi oTpumyBanun KodeiH pasom 3 Aokcopybi-
LMHOM MPOCTEXKYBANM 3HAYHE MOKPALLEHHA BinbLoCTi
nokasHukis BCP, a came: YCC, BP, IBP, IH Ta kKoediuieHTy
BapiaLii. TaKMM YMHOM BiANOBIAHI 3MiHM B CaMLLiB LLypiB
TPETLOI FPynu [AEMOHCTPYIOTb Te, WO KodeiH MoxKe
3MeHLYBAaTM HEraTMBHWUA BNANB AOKCcOpybiuMHY Ha
cepue, NOKpaLLyuYM MOro cKopoudyBasbHi QyHKLUiT Ta
3HUKYOUKM TinepTpodito mioKkapay, WO CBiAYMTb Npo
MOXKNBUI 3aXUCHNIN edeKT KodeiHy Ha cepLeBo-CyauH-
HYy CMCTEeMy B YMOBaX KapAiOTOKCMYHOCTI, AKa 3ymoB/ie-
Ha gokcopybiunHom. OTXKe, OTPUMAHI HAMU pe3ynbTaTK
BCP BKa3ytoTb Ha MOM/IMBICTb BUKOPUCTAHHA KODEIHY AK
NiATPUMYIOYOro 3acoby ANA 3HUMKEHHS KapAioTOKCMY-
HuX edeKTiB XimioTepanii y ManbyTHiX KAiHiYHMX gochi-
OXKEeHHAM. BoHUM nigKpecntooTb 3HauyLWwicTb metoay BCP
Y BUBYEHHI epEeKTUBHOCTI TepaneBTUYHMX Niaxoais i pe-
rynauii aBTOHOMHOi HEPBOBOI CUCTEMMU.

MepcnekTMBM NOAANbLUNX [OCNIAMKEHD.

JocnipKeHHA MatoTb CNPAMOBYBATUCh HAa BUBYEHHA
NOTEHLIMHUX TepaneBTUYHUX BAACTUBOCTEW, a TaKOXK
[03yBaHHA KodeiHy Ta iHWWX noaibHWMX Cnonyk, LWwo
MOXe BMJIMHYTM Ha CTpaTerii MOHITOPUHIY Ta KOpeKLii
CepLeBO-CYAMHHOrO CTaHy OpraHiamy B KNiHIYHIM nNpakK-
TULi, HEe nnwe Npu pisHOro poay 3axsoptoBaHHAX CCC.
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MOAYNIOOYNIA BNAUB KOPEIHY HA MOKA3SHWUKU BAPIABENBLHOCTI CEPLLEBOrO PUTMY B LUYPIB I3
JAOKCOPYBILMHOBOIK KAPAIOMIONATIEHD

Myksuu B. B., CeBepuHoBcbKa O. B.

Pestome. KodeiH 3anmnwaeTbca akTyanbHUM 06’EKTOM Cy4aCHMX HAayKOBUX AOCNIAXKEHD Yepes Moro baratorpaH-
HWIM BNJIMB HA YKWBUI OpraHiam. 3 KOXKHMM POKOM CMOCTEPIraeTbCA NMLe NiABULLEHHA PiBHA OHKONOTIYHMX 3aXBO-
ptoBaHb, AKi cTaHOM Ha 2024 pik € OA4HIEID 3 NPOBIAHNX NPUYUH CMEPTHOCTI B CBIiTi, NOCTYNa4YNCb NLIE cepue-
BO-CYANHHUM 3aXBOPIOBAHHAM. [LJOKCOPYbBiLUUH — € OAHMM 3 MPOBIAHUX XiMiOTepaneBTUYHMX Npenapartis y iKyBaHHi
Pi3HMX BMAiB OHKO/IOFYHMX 3aXBOpPtOBaHb. Monpwu CBil NO3UTUBHUI BNIMB Ha OPraHiam Npwu NiKyBaHHI OHKOJIOTIYHMX
3aXBOPIOBaHb, AOKCOPYOILUMH MaA€E 3HAUHI NObIYHI edeKTH, a TaKOXK XapPaKTepPU3YETLCA KapAiOTOKCUYHICTIO, WO Npo-
ABNAETLCA Y BUMNALI AECTPYKTUBHO-AUCTPODIYHUX 3MIH Y MiOKapAi, WO MOXKe Npu3BecTu 40 PO3BUTKY CepueBoi
HeAO0CTAaTHOCTI, KapaiomionaTil UM iHWKX cepLeBO-CYyANHHMX 3aXBOPIOBaHb. Jocnian npoBoguam Ha 6inux crate-
BO-3PiNIMX CamLAX LLypiB TPpboOX rpyn. Enektpokapaiorpamy (EKI) peectpyBanu B camLuiB LLypiB Ha eNeKTpoKapaio-
rpadiyHoOMy KOMNAEKCi ANA NPOBeAEHHA LMPOKOro CNeKTpy Kapaionoriynmnx gocnigrkeHb «KAPAIO/TIABE» (XAI-ME-
OWKA, m. XapkiB, YKpaiHa). Y wypis, AKi OTpMMYyBanuM AOKCOPYDILMH, MOXKHA BiA3HAYMTU 3HAUYHE NOFiPLIEHHS CTaHy
CepueBoO-CYAMHHOI CUCTEMM, LLO NMPOABAANOCH Y BipOrigHOMY MiABULLEHHI YM 3HUMKEHHI BCiX AOCNIOXKEHUX HaMKU
nokasHuKkie BCP, siki npeacTaBaeHi B AaHii cTaTTi. BianoBiaHi 3MiHWM MOXKYTb CBiAYMTU NPO PO3BUTOK CEPLEBOT HEAO-
CTaTHOCTI Ta rinepTpodito MioKapay, Wo € TUMOBUM MPOABOM KapAiOTOKCMYHOCTI, AKa CNPUYMHEHA AOKCOPYDiLLMHOM.
Y camuiB WypiB, AKi oTpMMyBann KodpeiH pazom 3 A0KCOPYBiLMHOM NPOCTEXKYBAIM 3HAUYHE NOKPALLEHHS BiNbLLOCTi
nokasHukis BCP, a came: YCC, BP, IBP, IH Ta KoediuieHTy Bapiau,ii. Takum YMHOM BiANOBIAHI 3MiHW B CaMLiiB LLypiB
TPeTbOI rPynu AEeMOHCTPYIOTb Te, WO KodeiH MoxKe noserwysaTn HeraTMBHUI BNAUB JOKCOPYBiLMHY Ha cepue, no-
KpaLLytouM 1Moro ckopouyBasibHi QYHKLIT Ta 3HUXKYOUYM rinepTpodito miokapay, WO CBiAYNTb NPO MOXKINBUI 3aXUC-
HUIM edeKT KopeiHy Ha cepueBO-CYAMHHY CUCTEMY B YMOBAX KapAiOTOKCUYHOCTI, AKa 3yMOBAEHA AOKCOPYHiLMHOM.
OTKe, OTPUMaHi Hamu pe3ynbTaT BCP BKa3yoTb HAa MOM/IMBICTb BUKOPUCTaHHA KodeiHy AK NiaTpUMyoYoro 3acoby
ON1A 3HUKEHHS KapaioTOKCUYHMX edeKTiB XimioTepanii y ManbyTHIX KNiHIYHUX AOCNiAKEHHAM.

KntouoBi cnoBa: TOKCUYHICTb, OpraHiam, BNIMB CTUMYNATOPIB, GapMaKoioria, OKCUAATUBHUI CTpec.

MODULATORY EFFECT OF CAFFEINE ON HEART RATE VARIABILITY PARAMETERS IN RATS WITH DOXORUBICIN-
INDUCED CARDIOMYOPATHY

Mukvych V. V., Severynovska O. V.

Abstract. The caffeine remains a relevant object of modern scientific research due to its multifaceted effects
on the living organism. The rate of cancer is increasing every year, and as of 2024, it is one of the world’s major
causes of death, surpassed only by cardiovascular disease. Doxorubicin is one of the leading chemotherapy drugs
in various types of cancer treatment. Despite its positive effect on the body when treating cancer, doxorubicin has
significant side effects and is also characterized by cardiotoxicity, manifested by destructive and dystrophic myocar-
dial changes, which can result in heart failure, cardiomyopathy or other cardiovascular diseases. The experiments
involved white sexually mature male rats of three groups. The electrocardiogram (ECG) was recorded in male rats
using a “CARDIOLAB” electrocardiographic complex for a wide range of cardiological studies (HAI-MEDICA, Kharkiv,
Ukraine). The rats treated with doxorubicin showed a significant deterioration of the cardiovascular system, which
was manifested in a significant increase or decrease in all HRV parameters studied by us and provided in this article.
These changes may indicate the development of heart failure and myocardial hypertrophy, which is a typical man-
ifestation of doxorubicin-induced cardiotoxicity. Male rats treated with caffeine in combination with doxorubicin
showed a significant improvement in most HRV parameters, namely: HR, variation range, autonomic balance index,
tension index, and coefficient of variation. Thus, these changes in male rats of the third group demonstrate that caf-
feine can alleviate the negative effects of doxorubicin on the heart, improving its contractile functions and reducing
myocardial hypertrophy, which indicates a possible protective effect of caffeine on the cardiovascular system against
doxorubicin-induced cardiotoxicity. Thus, our HRV results indicate the possibility of using caffeine as a supportive
agent to reduce the cardiotoxic side effects of chemotherapy in future clinical trials.

Key words: toxicity, organism, impact of stimulants, pharmacology, oxidative stress.
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EVALUATION OF SEXUAL AND REPRODUCTIVE FUNCTION IN PATIENTS WITH CHRONIC

PROSTATITIS/CHRONIC PELVIC PAIN SYNDROME
Bogomolets National Medical University (Kyiv, Ukraine)
o.nikitin@i.ua

In recent years, researchers have paid considerable attention to the study of chronic pelvic pain syndrome and
its impact on male infertility. Although the exact mechanisms of this relationship are not yet fully understood, it
is known that CPPS negatively affects sperm counts. Possible causes include inflammatory processes in the male
genitalia, metabolic syndrome, chronic inflammatory bowel disease, human papillomavirus (HPV) infection, and
autoimmune disorders. The authors of the article evaluated the quality of life and spermogram results before treat-
ment and after 6 months of therapy in 42 patients diagnosed with chronic prostatitis (CP) and chronic pelvic pain
syndrome (CPPS). The combination therapy included drugs based on L-arginine, L-glutamine, L-carnitine, Vitamins
C and E, and Serenoa repens extract. The results of the study show that in the group of patients, oligozoospermia of
various degrees was observed with a high degree of confidence before treatment. After 6 months of treatment, nor-
mozoospermia was observed, and patients experienced significant pain relief, as well as a significant improvement
in erectile and reproductive function. The proportion of patients with severe dysfunction decreased from 28.6% to
7.1%. Improvement in the SHIM score correlates with an overall reduction in pain and improved quality of life, which
other instruments, including the NIH-CPSI, have also noted.

Key words: chronic prostatitis, symptom of chronic pelvic pain, pharmacotherapy, spermogram, erectile function,

reproductive function.

Connection of the publication with planned re-
search works.

The study was carried out in accordance with the
research plan of the Department of Urology of the Bo-
gomolets National Medical University “Development of
personalised approaches to upper urinary tract stent-
ing in minimally invasive treatment of ureterolithiasis”
(state registration number 0122U000489).

Introduction.

Chronic pelvic pain syndrome (CPPS) is one of the
most common diseases in urology and gynecology, but
it is still poorly understood. Chronic prostatitis (CP) and
CFS are more commonly diagnosed in men under the
age of 50 and are one of the main reasons for visiting
urologists in this group. The incidence of symptoms as-
sociated with chronic prostatitis can reach 35-50% over
the course of a lifetime, which is comparable in preva-
lence to diabetes and coronary heart disease [1]. In case
of uro-gynecological diseases, pathology of the gastro-
intestinal tract, musculoskeletal system or nervous sys-

tem disorders, CPPS may be observed. Symptoms of CP/
CPPS are the result of the interaction between psycho-
logical factors and dysfunction of the immune, neurolog-
ical and endocrine systems.

In recent years, researchers have paid considerable
attention to the study of chronic pelvic pain syndrome
and its impact on male infertility. Although the exact
mechanisms of this relationship have not yet been fully
elucidated, it is known that CPPS negatively affects sperm
counts. Possible causes include inflammatory processes
in the male genitalia, metabolic syndrome, chronic in-
flammatory bowel disease, human papillomavirus (HPV)
infection, and autoimmune disorders [1].

Recent studies have shown that immune mediators,
including interleukin (IL)-1B, IL-6, interferon-y, tumor
necrosis factor-a, and immunoglobulins, have been
found in elevated amounts in the prostate secretion
and ejaculate of men with this pathology. In addition,
autoreactive T cells specific to prostate antigens are
identified in patients with BPH [2]. Researchers suggest
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