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GENDER-SPECIFIC DIFFERENCES OF CARDIAC VEGETATIVE CONTROL
IN ADRENALINE-INDUCED NECROSIS AND LIGHT DEPRIVATION

H.O. Bezkorovaina, I.M. Klishch, *M.R. Khara, V.Ye. Pelykh
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Cardiovascular disease is the main cause of morbidity predominantly in males. Stress is one
of the crucial factors, especially with light desynchronosis.

Objective of the study was to assess gender-specific characteristics of cardiac vegetative control in myocardial
necrosis in cases of light deprivation.

Methods. Cardiac vegetative control in adrenaline-induced myocardial necrosis (AIMN) in a setting of light
deprivation (LD) was assessed in 72 mature white rats of both sexes. The animals were divided into 2 groups:
G171 -the animals kept under day/night cyclic balance (12 hours/12 hours); G2 - the animals kept at LD (illumination
0.5-1 LX) for 10 days. On Day 11, AIMN caused by adrenaline (0.5 mg/kg) and heart rate variability (HRV) was
assessed in 1 hour and 24 hours.

Results. The development of AIMN at LD in the 3 G2 led to HRV increase that was caused by augmentation
of parasympathetic and reduction of sympathetic cardiac effects. In cases of AIMN, changes of CVC in the ¢ G2
were similar to the ¢ G1. However, in 1 hour of AIMN, parasympathetic cardiac effects were more significant than
in the ¢ G1. While the ¢ G2 AIMN animals experienced balanced sympathetic and parasympathetic actions, the

predominance of the sympathetic component was evidenced in the ¢ G1 AIMN animals.
Conclusions. Light deprivation has different effects on baseline sympathetic/parasympathetic balance in
males and females, i.e. increased parasympathetic control of heart rhythm in males and maintenance of

sympathetic/ parasympathetic balance in females.
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Introduction

According to the WHO data, cardiovascular
disease is the most frequent cause of death in
the European population; moreover, it has
frequent severe sequelae, leads to disability
and reduces the quality of life. Ukraine is on the
list of countries in Eastern Europe, where
coronary artery disease (CAD) mortality in
people of 55-60 years of age is higher than that
in French subjects 20 years senior [1]. The
leading causes of increased mortality include
ageing population and lifestyle factors, espe-
cially smoking and suffering from overweight
[2]. Males are more frequently affected by
coronary artery disease than females. This
difference, however, is found in the middle-
aged persons. At menopause, the number of
females in the population with coronary episo-
des and myocardial infarction increases greatly.
This might be associated with deficiency of
oestrogens and their diminished cardiopro-
tective and vasoprotective activity [3].
*Corresponding author: Khara Mariya, MD, Ph.D., DSc, Profes-
sor of the Department of Pathophysiology, I. Horbachevsky
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Important risk factors of myocardial ne-
crosis include impaired circadian rhythms and
functional disorders of the pineal gland [4, 5].
This is related to professional activity, sleep
disorders and difficulty falling asleep [6, 7].
Similar to all other systems in the body, the
cardiovascular system is controlled by the
pineal gland. Its activity changes depending on
the phase of the circadian cycle (light/darkness),
as suggested by fluctuations in blood pressure
and heart rhythm variability [5, 8]. However, the
effects of melatonin synthesised by the pineal
gland vary in males and females that is asso-
ciated not only with the ability of this hormone
to regulate the synthesis of sex hormones [4,
9, 10], but also to its capability to change the
activity of sympathetic and parasympathetic
components of the autonomic nervous system
(ANS) [11, 12]. Murine experiments have de-
monstrated different ANS responses to mela-
tonin in males and females [11]. A higher basal
tone of the parasympathetic component in
female ANS contributes to a better cardio-
protective effect of melatonin when adrenaline-
induced myocardial necrosis is modelled in a
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setting of melatonin [13]. A similar trend was
found in humans. Analysis of ANS status (as
reported by a 24-hour monitoring of heart
rhythm variability) suggests reduced parasym-
pathetic tone and increased sympathetic
activity as predictors of fatal arrhythmias and
sudden death in subjects with myocardial
infarction [14]. The benefits of heart rhythm
variability analysis and its diagnostic and
prognostic value are beyond doubt. The use of
this method allows assessment of cardiac
vegetative control in a study of pathogenetic
role of light desynchronosis as a contributor to
myocardial necrosis. However, the available
data do not provide a full understanding of the
role of ANS in adaptation of heterosexual orga-
nisms to abnormal light conditions, including
the development of cardiac disease under these
conditions.

The objective of the study was to assess
gender-specific characteristics of cardiac vege-
tative controlin adrenaline-induced myocardial
necrosis in rats in cases of light deprivation.

Methods

The experiments were conducted according
to ethical guidelines approved by the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), reso-
lution of the First National Congress on Bio-
ethics (Kyiv, 2001) and the Order of the Ministry
of Health of Ukraine No. 690, dated September
23, 2009. The tests were performed on 72 non-
linear male and female white rats (body weight:
220-270 g; age: 5-5.5 months). The rats were
provided with a standard laboratory pellet diet
and water and were housed in plastic cages at
constant ambient temperature and humidity.
The rats of the control group (group 1, 184,
18 ¢ ) were kept under a natural day/night cycle
(light 12 hours, 500 LX/night 12 hours, 0.5-1 LX).
The rats of the experimental group (group 2,
189", 18 %) were kept in permanent darkness
(0.5-1 LX) for 10 days. Necrosis of myocardium
was modelled by administration of adrenaline
(intramuscular, 0.5 mg/kg of body weight) on
day 11. In 1 and 24 hours after adrenaline
administration, EKG was captured (2 standard
leads) using a Cardiolab-CE computer-based
complex (Kharkiv, Ukraine). The durations of
1000 consecutive cardiac R-R intervals accurate
to 0.001 second were assessed. In order to
evaluate the regulatory activity of sympathetic
and parasympathetic ANS components on the
heart rhythm, the following parameters were

registereg: Mo (sec) = mode, i.e. the most
frequently captured duration of the R-Rinterval;
AMo (%) = the amplitude of mode, i.e. the
percentage of cardiac intervals meeting the Mo
value; AX (sec) = the difference between the
largest and the smallest R-R value; HSI (abs.
value) = heart strain index reflecting the degree
of centralisation of heart rhythm control, this
parameter is obtained from the following
expression: HSI=AMo/(2:AX-Mo); VBI (abs.
value) = vegetative balance index reflecting the
ratio between the activities of the sympathetic
and parasympathetic nervous system, this
parameter is obtained from the following
expression: VBI=AMo/AX; VRI (abs. value) =
vegetative rhythm index reflecting the activity
of the autonomic circuit of heart rhythm
control, this parameter is obtained from the
following expression: VRI =1/Mo-AX, and IARP
(abs. value) = index of adequate regulation
processes reflecting the balance between the
activity of the sympathetic component of the
autonomic nervous system and the predominant
functional level of the sinus node. By matching
against heart rhythm (HR), this parameter
allows judgment on excessive or insufficient
centralisation of heart rhythm control; this
parameter is obtained from the following
expression: IARP=AMo/Mo.

Statistical analysis of the results was
performed using parametric method of varia-
tion statistics based on established normal
distribution of data in the rows compared, with
n=6 in each of the rows. The following para-
meters were determined by the arithmetic
mean (M), standard deviation (6) and Student’s
t-test (t). The difference between the arithmetic
means was statistically significant at t value not
less than 2.228 (p<0.05). Microsoft Excel XP
(BioStat Pro 6.7.1.0) software (US) was used for
calculations.

Results

The results attained in the animals of the
control group (Group 1), which were under
conditions of balanced light/darkness
(12 hours/12 hours), are presented in Table 1.

The development of adrenaline-induced
myocardial necrosis within 1 hour after adre-
naline administration was found to cause a
significant increase in HR (by 12.5% in the o,
by 13% in the ¢, p<0.05). This process was
accompanied by a predictable reduction in Mo
values (by 12% in the &', by 13% inthe ¢ ). AMo
values were increased in the &' (by 87%, p<0.05)
and the ¢ animals by (34%, p<0.05). The AX
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Table 1. Parameters of heart rhythm variability in the rats developing adrenaline-induced

myocardial necrosis under the intact day/night cycle (12 hours/12 hours), M+6

p Controls 1 h post-adrenaline 24 h post-adrenaline
arameter Gender ~ ~ -
(n=6) (n=6) (n=6)

HR d 4724214 531+17* 491+29

? 438+19# 496+27* 481+12*
Mo (sec) J 0.127+0.006# 0.113+0.002*# 0.122+0.007

? 0.137+0.006 # 0.121+0.007*# 0.125+0.003*
AMo (%) J 31.7+¢3.8 59.2+5.8# 43.7+7.5*

? 33.844.5 45.2+5.0%# 41.2+3.1%*
AX (sec10?) J 0.65+0.22 0.35+0.08* 0.58+0.04#

? 0.55+0.14 0.33£0.05* 0.4040.06*#
HSI (abs. value) J 2162149813 79493+23420* 30953+6342#

? 2387547223 57384+10855* 42514+9872%4#
VBI (abs. value) d 5425+2245 17873+4936* 7527+1391#

? 657812211 13783+2142% 10598+2484*4#
VRI (abs. value) J 13334470 2716+935* 1418+1904#

? 14194442 2537+419* 20514347*4#
IARP (abs. value) J 0.250+0.040 0.525+0.058*# 0.358+0.061*

? 0.247+0.038 0.375+0.056*# 0.330+0.024*

Note: * - a statistically significant (p<0.05) differences relative to the controls, # - relative to the animals of the opposite sex.

values significantly decreased in the animals of
either sex (by 97% in the &', by 67% in the ¢,
p<0.05). HSI, which is an integral parameter,
increased in the animals of either sex (a 3.7-fold
increase in the J, a 2.4-fold increase in the ¢,
p<0.05). Such changes reflected the increased
role of the sympathetic ANS component and
the reduced influence of the parasympathetic
component in heart rhythm control. These
findings were confirmed by increases in VBI (a
3.3-fold increase inthe ¢, a 2.1-fold increase in
the ¢, p<0.05), VRI (a 2.0-fold increase in the
d,a1.8-fold increaseinthe ¢, p<0.05) and IARP
(a 2.1-fold increase in the &', a 1.5-fold increase
inthe ¢, p<0.05).

In 24 hours after adrenaline administration
(i.e. the peak of focal necrosis), the type of ANS
response to development of the abnormal
process changed somewhat. In the ¢ animals,
the findings of HR, Mo, AX, VBI and VRI
recovered to the control levels, AMo decreased
(by 35%, p<0.05), while IARP were above control
values (by 43%, p<0.05). In the ¢ rats, HR was
higher (by 10%, p<0.05) and Mo was lower (by
10%, p<0.05). The following parameters were
higher than the respective control values: AMo
(by 38%, p<0.05), HSI (by 78%, p<0.05), VBI (by
61%, p<0.05), VRI (by 45%, p<0.05) and IARP (by
34%, p<0.05).

Gender-specific analysis showed Mo in the
Group 1 lower in the ¢ than in the ¢ (by 8%,

p<0.05). In 1 hour of necrotic process develop-
ment, Mo was lower thanin the ¢ (7%, p<0.05),
AMo was higher (by 31%, p<0.05) and IARP was
also higher (by 40%, p<0.05). In 24 hours after
adrenaline administration, the AXin the & was
higher than in the ¢ (by 45%, p<0.05) and HSI,
VBI and VRI were lower (by 37%, 41% and 45%,
p<0.05, respectively), reflecting gender-specific
differences of cardiac adjustment mechanisms
in cases of ANS-mediated damage.

Analysis of parameters in the animals of the
experimental group (Group 2) that were kept
in permanent darkness for 10 days (light
deprivation) showed thatin 1 hour of myocardial
necrosis development, ¢ animals had lower HR
(by 9%, p<0.05), higher Mo (by 9%, p<0.05) and
lower AX (by 23%, p<0.05) (Table 2). As for other
parameters, no significant changes were evi-
denced. When the ¢ animals were exposed to
identical conditions, HR increased (by 6%,
p<0.05), while Mo and AX decreased (by 6% and
29%, respectively, p<0.05). Under these con-
ditions, the increase in HSI, VBI and VBI were
quite predictable (by 65%, 55% and 40%, respec-
tively, p<0.05). IARP values did not change.

In 24 hours after adrenaline administration,
the ¢ HRwas lower than in the controls (by 16%,
p<0.05), Mo was higher (by 16%, p<0.05) and
IARP was lower (by 34%, p<0.05). In the ¢ at
this phase of myocardial necrosis, HR was
higher (by 6%, p<0.05), Mo was lower (by 6%,
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Table 2. Parameters of heart rhythm variability in the rats with developing adrenaline-induced

myocardial necrosis in cases of light deprivation, (M+6)

p Controls 1 hours post-adrenaline | 24 hours post-adrenaline
arameter Gender - _ "
(n=6) (n=6) (n=6)

HR J 5121474 469+21%A 443+29*A

? 435+11# 463+11%A 461+22*
Mo (sec) J 0.117+0.003 # 0.128+0.006*/ 0.136+0.009*A

? 0.138+0.003# 0.130+0.003*A 0.130+0.006*
AMo (%) J 38.3+7.8~ 34.3+3.7A 33.0+2.7A

? 32.7+4.4 38.315.2 40.5£11.6
AX (sec10?) J 0.70+0.13 0.57+0.08*"# 0.75+0.08"#

? 0.58+0.04 0.45+0.08*A4# 0.50+0.14#
HSI (abs. value) J 2473049622 2446416557 \# 16398+2345/#

? 20535+3552 33835+7738* M # 34836+17417*#
VBI (abs. value) J 5672+2123 6223+1446/ 4458+846 #

? 5642+939 8732+1891*M# 9118+4656*#
VRI (abs. value) d 12574234 14051244/ 996+118 #

Q 1256490 1762+299%A 1657+517#
IARP (abs. value) J 0.326+0.060# 0.268+0.039/# 0.243+0.010*A

? 0.238+0.036# 0.296+0.043# 0.309+0.078
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Note: * - statistically significant (p<0.05) differences relative to the controls, / - relative to the findings in the group 1 animals
during the same observation period, # - relative to the animals of the opposite sex.

p<0.05), HSI and VBI were higher (by 70%, 62%,
p<0.05), and AMo, AX, VRI and IARP did not
differ from the respective baseline values in this
group.

Gender-specific analysis showed that HR
and IARP in the control group was higher in the
d thaninthe ¢ (by 18%, 37%, p<0.05); the Mo
values were lower (by 18%, p<0.05). There were
no differences between the animals in terms of
other parameters. In 1 hour of myocardial
necrosis, AX in the J was higher than in the ?
(by 27%, p<0.05); HSI, VBI and IARP were lower
(by 38%, 40% and 10%, p<0.05). In 24 hours of
myocardial necrosis, AX & was significantly
higher (by 50%, p<0.05), and HSI, VBI and VRI
were lower (in 2.1 times, 2.0 times and 1.7-times,
respectively, p<0.05).

In terms of ANS responses, effects of light
deprivation in development of myocardial
necrosis have shown that staying in darkness
for 10 days had different influences on vegeta-
tive control of heart rhythm in male and female
animals. In &, HR increased by 8.5% (p<0.05),
Mo decreased by 85% (p<0.05). Other parame-
ters remained unchanged and were not statis-
tically different from those in animals of Group 1.
In the ¢ cohort, light deprivation did not cause
any changes in investigational parameters.

Under conditions of a necrotic process (1
and 24 hours after administration of adrenaline),
HR & was lower than the respective values in

Group 1(13% and 11%, respectively, p<0.05); in
the meantime, Mo was higher (13% and 11%,
respectively, p<0.05), AMo was lower (73% and
32%, respectively, p<0.05) and AX was higher
(63% and 29%, respectively p<0.05). All integral
parameters were significantly lower than
comparative ones; in part, this was true of HSI
(in 3.3 times and 1.9 times, p<0.05), VBI (in 2.9
times and 1.7 times, p<0.05), VRI (in 1.9times
and 1.4times, p<0.05) and IARP (in 2.0 times and
1.5 times, p<0.05). The differences between
Group 1 and Group 2 in the females in 1 hour
after adrenaline administration were for HR (by
7% lower, p<0.05), Mo (by 7% higher, p<0.05)
and AX (36% higher, p<0.05); the values of HSI,
VBI and VRI were lower (in1.7 times, 1.6 times
and 1.4 times, respectively, p<0.05). In 24 hours
after adrenaline administration, no significant
differences were evidenced regarding the
parameters.

Discussion

Analysis of heart rhythm variability is per-
formed by a non-invasive method of functional
diagnostics, which is used not only in a clinical
setting, but also in experimental studies. It
allows assessing of cardioregulatory ANS
activity, determining the balance between
activities of sympathetic and parasympathetic
components as they affect the heart rhythm,
making a conclusion about the predominant
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component, and assessing the stress upon
regulatory systems as part of adjustment to
adverse influences [15]. Analysis of histograms
reflecting the distribution of RR intervals (va-
riational pulsography) was used in the study.
Assessment of the results involved use of a
cybernetic double-circuit model for heart
rhythm regulation as suggested by R.M. Bayev-
sky: the central circuit (cerebral cortex, higher
autonomic centres and the cardiovascular
centre) and the autonomic circuit (sinus node,
lungs and the respiratory centre) [16]. The
patterns of changes in experimental findings
with time allowed drawing a conclusion that
significant difference in ANS effects on the
heart rhythm occurred between male and
female animals. In males, development of
adrenaline-induced myocardial necrosis under
normal day/night balance was accompanied by
an increased impact of sympathetic ANS com-
ponent, as evidenced by increased levels of HSI,
VBI, VRI and IARP. A more significant increase
in test parameters in 1 hour of the experiment
was predictable due to a presence of hyper-
catecholaminemia caused by administration of
adrenaline. The effects of adrenaline were not
limited to the sinus node, but also extended to
myocardial contractility. This was also true
regarding its metabolite, adrenochrome [17].
The amount of adrenochrome increased
significantly under our experiment as a result
of catabolism and an active part of myocardial
damage through stimulation of free radical
processes [18]. Under the circumstances, ANS
response to hypercatecholaminemia-induced
oxidative stress was also a matter of discussion.
This was confirmed by ipsidirectional but less
significant changes in ANS responses in the
females. In this model, the severity of myocardial
damage was substantially lower in the females
[19]. In this case, the increase in AMo reflected
strengthening of the central circuit of heart
rhythm regulation, and the decrease in AX
reflected the reduced involvement of the
autonomic circuit, i.e. the role of the vagus
nerve. This data is consistent with the literature
on using a model with adrenaline-induced
myocardial necrosis. It was established that not
only hypercatecholaminemia, but also sex
hormones were crucial in the capacity of ANS
to develop other adaptive effects [20, 21]. In 24
hours after adrenaline administration, the
primary effects of adrenaline diminished
according to the pattern described. In the
males, all of the parameters were normal again,
which was proved by a recovery of the baseline

balance between ANS components. In the
females, all pulsographic parameters demons-
trated retention of increased sympathetic
activity, which was the principal difference
between the males and females.

The males of Group 2 responded to a 10-day
stay in darkness with increased HR and with an
accordingly reduced Mo. This reflected the state
of stress and the increased involvement of
humoral adaptive mechanisms, which were
implemented by the adrenal glands [22]. The
maintenance of regulatory balance under such
conditions was attained at the expense of
reduced activity of the central regulatory circuit,
as confirmed by a reduction in AMo. Therefore,
adjustment of the males in Group 2 to per-
manent darkness caused a moderate activation
of sympathetic cardiac effects. In such a
situation, myocardial necrosis developed under
activation of the parasympathetic component
and predominance of the latter in heart rhythm
control. This was confirmed by higher (compare
to the Group 1 animals) AX values and by lower
values of HSI, VRI, VBI and IARP. Lower AMo
values have demonstrated that the predomi-
nance of parasympathetic ANS component was
also facilitated by the reduced activity of
sympathetic ANS component.

A 10-day stay of the Group 2 females under
conditions of permanent darkness did not
cause any functional changes in the ANS, as
confirmed by the absence of significant dif-
ferences in all parameters in the Group 1 and
Group 2 females. In 1 hour after administration
of adrenaline, HR increased and Mo decreased
in the females of Group 2, which reflected an
increase in adrenergic effects of ANS in the
heart, with the effects implemented through
the humoral channel (mainly the adrenal
glands). The reduction in AX suggested a de-
crease in vagal cardiac effects. As a natural
result, HSI, VBI and VRI values increased. The
constancy of IARP reflected a preserved balance
between the central and the autonomic circuits
of heart rhythm control. In 24 hours after ad-
renaline administration, HR was still increased,
and Mo was lower than in the controls of this
group. To a greater degree than in the controls,
the HSI and VBI values demonstrated a pred-
ominance of sympathetic ANS effects in heart
rhythm control, but the stability of IARP
suggested a preserved balance between the
activities of the central and the autonomic
control circuits. It is important that under
developing myocardial necrosis, the changes
of parameters with time were similar to those
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in the Group 1, although less significant. In
particular, Mo was higher in the Group 2
females compare to those of Group 1, which
suggested a less active involvement of adrenal
glands under the simulated conditions [22]. In
this case, there was no involvement of the
central control circuit, as confirmed by the ab-
sence of significant AMo changes. This de-
monstrated a lack of response of cerebral
cortex to hyperadrenalinemia. Despite the
increases in HSI, VBI and VRI values in 1 hour
of myocardial necrosis (which reflected a phase
of hyperadrenalinemia), these values were
significantly lower than in the Group 1 females.
To a degree greater than in the Group 1
animals, the AX value reflected a more active
involvement of parasympathetic mechanisms
in cardiac adjustment to damage, which main-
tained a stable IARP and preserved a baseline
balance between central and autonomic control
circuits, unlike the Group 1 females, where the
control balance shifted towards predominance
of sympathetic ANS activity.

The development of necrotic processin the
myocardium of the Group 2 males was accom-
panied by activation of cholinergic mechanisms
of cardiac control, which was more significant
than in the females. This proved that the males
and females employed different mechanisms
of adjustment to adverse effects of adrenaline
under light deprivation. These differences may
be associated with different levels of melatonin
synthesis by the pineal gland under conditions
of permanent darkness [9, 23]. The females
synthesises more melatonin at night-time [10]
and their melatonin synthesis during sleep
peaked sooner than in the males [24]. Consi-
dering that all animals in the experiment were
under identical conditions, higher melatonin
levels in the females could be asserted. Howe-
ver, a clearer understanding of the significance
of endogenous melatonin within a framework
of adaptive responses with ANS involvement in
modelling of adrenaline-induced myocardial

necrosis might yield the results attained in
modelling of cardiac disease under permanent
lighting, which was the prospect of the research.
In summary, it should be noted that the
attained data have proved that the males and
females have different ANS responses to
developing adrenaline-induced myocardial
necrosis under light deprivation that suggests
the necessity to specify the gender of animals
in the conclusions and the incorrectness of
extrapolating the established patterns to
animals of other sex.

Conclusions

A 10-day light deprivation activates the
heart rhythm impact of the sympathetic
component of ANS in the male rats and does
not alter the baseline balance of sympathetic
and parasympathetic components of ANS in the
females. The development of adrenaline-
induced myocardial necrosis under 10-day light
deprivation is characterised by a higher
(compared today/night cycle) involvement of
the parasympathetic ANS component in heart
rhythm controlin the males and by development
of bradycardia. In the females, light deprivation
facilitates the maintenance of sympathetic/
parasympathetic balance in cases of adrenaline-
induced myocardial necrosis. This differs from
the females under the day-night cycle, where
an increase in the sympathetic component of
the ANS was evidenced in cases of developing
myocardial necrosis.
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CTATEBA BIIMIHHICTh BETETATHBHOI PETVJISAIIII CEPLIS IIVPIB ITPH
AJPEHAIIH-IHAVKOBAHOMY HEKPOS3I HA TJII CBITJIOBOI AEIIPUBAIIII

5 I.0. BeskopoBaiiHa, I.M. Kniw, M.P. Xapa, B.€. Nennx
TEPHOIML/IbCbKNN HALUIOHAJIBHUN MEANYHWN YHIBEPCUTET IMEHI 1.A. FTOPBAYEBCBHKOIQ,

TEPHOIML/Ib, YKPAIHA

Bctyn. Cepyego-CyOuHHIi 30X80PHOBAHHS € 20/108HOK0 NPUYUHOK 30XB0PHBAHOCMI y c8imi. Y Kozopmi

X80PUX HA ilWeMiyHy Xeopoby cepys nepesadxarome Yyonosiku. Ceped aKmopig pusuky 20108HUM 3aAULIAEMbCA
cmpec, 8 MOMY X YUCAi Ha IpyHMI c8im/a08020 0eCUHXPOHO3Y.
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MeTa pgocnigykeHHs. Bugsyumu 2eHOepHi 0c06au80CMi 8e2emamueHoi pe2yaayii cepys npu adpeHaniH-
iHOyKoB8aHOMY HeKpOo3i Miokapda 8 wypie Ha mai caimnoesoi depusayii.
MeToau pgocnippKeHHs. Y 72 6inux cmameego3pinux camyie i camuysb wjypie 00cnioxysanu sapiabensHicmes

cepyesozo pummy (BCP) npu adpeHaniH-iHOyKosaHOMy Hekpo3i Miokapda (AHM) Ha mai caimnoesoi denpusayii

(C4). TeapuH nodinunu Ha 2 2pynu: ['1 - meapuHu byau 8 ymoeax yukay 0eHs/Hid (12 200/12 200);, ma 12 - wypu
nepe6bysanu 10 dHie 8 ymosax ceimaoeoi denpuesayii (C4). Ha 11-0 deHb modentosanu AHM (adpeHaniH e/m,
0.5 m2/ke) i BCP sus4anu yepes 1 ma 24 200.

PesynbtaTtu. Pozsumok AHMy J'T'1i ¢ ['1 suknukas 3meHWeHHs sapiabensHocmi cepyesozo pummy (BCP),
nocusneHHA CUMNAMUYHUX 8nausie Ha cepye, ujo bys0 cymmesiwum 8 . G 8UKAUKOIA NOCUAEHHS CUMNAMUYHUX
ensugis Ha cepye 8 3 2. Pozsumok AHM e J 2 suknukas cymmese 36inbuieHHss BCP ma 3Ha4YHe 3MeHWeHHs
YCC. Le 6yn10 pe3ynbmamom nocuneHHs NapacuMnamuyHUX enaueie Ha cepye ma 3MeHWeHHa CUMNaMUYHUX.
Y 2712 8 ymosax AHM ouHamika nokasHukie BCP 6yna aHanozi4Hoto 0o makoi e 2 I'1. [I[pome, Ha 1 200 AHM
OKMUBHICMb NapacuMnamuyHuUx enaueie Ha cepye byna binbworo, Hix 8 2 1. Sikujo 8 22 8 ymosax AHM
36epieascsa 6aAAHC MIXC AKMUBHICMIO CUMNAMUYHOI Ma NapacuUMNamMuy4Hoi 1aHok, mo 8 ¢ 1 8 ymosax AHM
nepesaxana aKmugHicme CUMNAMUYHOI AAHKU.

BucHoBKW. C8ima08a denpusayis NOCUMOE CUMNAMUYHI 8NAUBU HO pUMM cepys 8 camyis wypie i He
3MIHIE BUXIOHO20 6ANAHCY AKMUBHOCMI CUMNAMUYHOI Ma NapacuMnamuyHoi 10HOK 8 camuyb. Po3gumok
a0peHaniH-iHO0yKo8aH020 Hekpo3y Miokapda Ha mi c8imsa080i denpusayii xapakmepu3syemocs 6inbUWO, HiXH
30 36epexeH020 6anaHCY 0eHb/Hi4, AKMUBHICMIO NAPACUMNAMUYHOI IAHKU 8 pe2yaayii pummy cepys camyis
ma 8UKAUKAE po38UMOK 6padukapdii. ¥ camuysb cgimsaosa denpusayis cnpuse niompuMaHHK 60AAHCY MixC
OKMUBHICMI CUMNAMUYHOI Ma NAPACUMNAMUYHOI IAHOK 8 yMOBAX a0peHaNiH-iHOyKO8aHO20 HeKPO3y Miokapada,
Ha 8i0MIHY 8i0 camMuyb, ujo0 nepebysasau 8 ymMo8ax 3MIHU YUKAYy OeHb/HiY | 0eMOHCMpy8aau NocuseHHs
aKmueHocmi cumnamuyHoi 1aHku AHC npu po3sumky HeKpo3y mMiokapaa.

K/MHOYOBI C/TIOBA: HeKpo3 MioKkapaa; BapiabenbHiCTb cepLeBoro puTMy; CBiT/I0Ba AenpuBaliis,
cTaTh

BiaomocTi npo aBTOpIB

Be3skopoBaiiHa NannHa OnekcaHgpiBHa - nikap, 3406yBay kapeapu natonorivyHoi ¢isionorii
TepHOMINbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcuTeTy iMeHi LA TopbayeBcbKoro.

Kniw, IBaH MukonavioBu4 - gokTop b6ionoriuHnx Hayk, npodecop kadeapu GyHKLIOHANLHOI i
nabopaTopHOT AiarHOCTUKM TepHOMiINbCbKOro HalioHaNbHOro MeAMYHOro yHiBepcuTeTy iMeHi 1.4
FopbauyeBCcbKOro.

Xapa Mapisa PomaHiBHa - JOKTOp MeAnYHUX HayK, npodecop kadeapwn natonoriyHoi ¢isionorii
TepHOMIiNbCLKOro HaLioHaNbHOro MeANYHOro YHiBepcuTeTy iMeHi LS TopbaueBcbKorowo

Mennx Bonogumup EBreHoBUY - KaHAMAAT MeAVNYHUX HaYK, AoLeHT kadeapu naTtonoriyHoi ¢isionorii
TepHOMiNbCLKOro HaLioHaNbHOro MeANYHOro yHiBepcuTeTy iMeHi LSl TopbaueBcbKorowo
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