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ONURGA O9SASININ ARTERIAL HOVZOSINDO TORONON ISEMIK INSULT ZAMANI
APOPTOZUN MiTOXONDRIAL MEXANIZMLORI

LY.Qorbacevski ad. Ternopol Milli Tibb Universiteti, Ternopol, Ukrayna

Maqalada onurga asasinin arterial hovzasinda toronan isemik insult zamam oksigenin aktiv formalarinin,
transmembran potensialinin, hiiceyra éliimiiniin gostaricilarinin Va onlarin insultun marhalalari ilo garsiligl
alaqasinin dyranilmasina hasr edilmis tadqgiqatin naticalari hagqinda malumat verilmisdir.

Todgigata onurga asasimin arterial hovzasinin isemik insultuna moaruz Qalmis 105 nafar xosto calb
edilmigdir. Onlardan 49 nafarda xastaliyin yarimkaskin dévrii (xaStaliyin baslanmasindan sonraki 3-6 aylar),
32 nafarda xronik marhala (6-12 ay), 14 nofarda Xastolonmoadon 1-3 il sonraki marhalo olmus, 10 nafar isa
Xastoliyin baslanmasindan 3 ildon artiq sonra miisahida edilmigdir.

Miiayyon edilmisdir ki, isemik insultun yarimkaskin va xronik dovrlorinda ganda hidrogen peroksidin
migdart kontrol qrupdakina nisbaton yiiksak olmusdur. Eyni zamanda gecikmis yarimkaskin marhalada
leykositlorin hiiceyra 6liimii gdstaricisi an yiiksak saviyyada olmus va ham xronik marhalada, ham Xxastalonmo
miiddati 1-3 il arasi olan pasiyentlorin, ham da 3 ildon artiqg xastolonma miiddati olan pasiyentlorin
gostoricilarindan ahamiyyatli daracada forqlonmisdir. Onurga asast arterial hovzasi nahiyasinin isemik
insultunun yarimkaskin va xronik marhalalorinda (xastaliyin baslanmasindan 1-3 il vo 3 ildon artiq miiddat
sonra) toxumalarda hidrogen peroksidin migdart ilo leykositlorin hiiceyra oliimiiniin soviyyasi arasinda
birbasa alaqo oldugu askar edilmisdir.

Acar sozlor: isemik insult, apoptoz, oksidativ stress, transmembran potensiallart
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Summary. The article deals with the role of the mitochondria-mediated apoptosis pathway in the
course of ischemic stroke in the vertebral-basilar basin by determining the levels of reactive oxygen
species, transmembrane potential, indicators of cell death and their relationship in different periods
of stroke. The study included 105 people with a diagnosis of ischemic stroke in the vertebral-basilar
basin, 49 patients were in the subacute period (3-6 months), 32 patients were in the chronic period
(6-12 months), 14 patients were 1-3 years after the stroke, and 10 patients were over 3 years after
the stroke. It was found that in patients with ischemic stroke in the late subacute and chronic
periods, the levels of H, O, and Au were significantly higher, according to the control values. At the
same time, the indicators of leukocyte cell death are the highest in the late subacute period. They
probably differ from both control values and data in the chronic period, as well as after 1-3 years
and more than 3 years of observation. A direct average relationship was established between the
level of hydrogen peroxide and indicators of cell death of leukocytes in the late subacute and
chronic periods of ischemic stroke in the vertebral-basilar basin, which is lost after 1-3 years and
more than 3 years of observation.
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In the world, stroke ranks second among
all causes of death and disability, while
Ukraine occupies one of the first places in
Europe regarding cerebrovascular morbidity
and mortality. Cerebral stroke is diagnosed
yearly in 16.8 million people, and according
to reports of the World Health Organization,
this figure will increase to 23 million people
by 2030 [1-3]. At the same time,
approximately 6.5 million deaths because of
the stroke are diagnosed annually worldwide,
which is second only to coronary heart
disease [4]. Although stroke mortality and
prevalence have decreased over the past thirty
years from 40% to 33% in 2013, the results
vary among populations stratified by race,
geography, and comorbidities [5]. According
to a report by the European Stroke Alliance
(SAFE), together with the European Stroke
Organization (ESO), the number of stroke
cases is expected to increase by 34% by 2035
due to the ageing population [6]. Although the
diagnosis and treatment of ischemic stroke
have improved significantly [7, 8], the
prognosis of patients with ischemic stroke is
still unfavorable [9], so it is necessary to
continue to study the pathophysiological
mechanisms of stroke in order to choose
optimal therapeutic strategies for the
treatment of ischemic stroke in its different
periods.

Oxidative stress plays a crucial role in the
development and progression of many
diseases, especially acute ischemic stroke [10-
12]. Increased production of oxygen radicals
can change cell structure and enzyme activity
[13, 14], which leads to extravasation of
blood components, increased inflammatory
response, and even irreversible brain tissue
damage [15].

This study aims to clarify the role of the
mitochondria-mediated apoptosis pathway in
the course of ischemic stroke in the vertebral-
basilar basin by determining the levels of
reactive oxygen species, transmembrane
potential, indicators of cell death and their

relationship in different periods of stroke.
Materials and methods. The study included 105
patients with a diagnosis of ischemic stroke in the
vertebral-basilar basin, 49 patients were in the subacute
period (3-6 months), 32 patients were in the chronic
period (6-12 months), 14 patients were 1-3 years after
the stroke, and 10 patients were over 3 years after the
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stroke. All patients were examined and treated in the
neurological departments of Ternopil Regional
Communal Clinical Psychoneurological Hospital. The
diagnosis of cerebral infarction was verified using
spiral computed tomography (CT) (Atelon 4, Toshiba)
or magnetic resonance imaging (MRI) (Simens,
Magnetom Avanto, 1.5 TI). The examination was
carried out according to a single scheme using
formalized maps.

The research included patients with the presence of
an ischemic focus according to neuro visual
examination methods in the subacute and chronic
periods and patients 1 year and over after a stroke. The
exclusion criteria were as follows: patients in the first 3
months of ischemic stroke, having the signs of
clinically significant neurological, mental, renal,
hepatic, immunological, gastrointestinal, urogenital
disorders, lesions of the musculoskeletal system, skin,
sense organs, endocrine system or hematological
diseases including uncontrolled, acute pancreatitis,
unstable or life-threatening heart disease, patients with
malignant neoplasms who have not been in complete
remission for at least 5 vyears, patients having
medication (drug) dependence, and alcohol addiction.

The ethical principles included in the Declaration of
Human Rights, adopted in Helsinki in 1975, and
revised in 2008, were fully respected in our study. The
enrolled subjects participated in this study voluntarily
and completed and signed written informed consent.

Ethics Committee of |. Horbachevsky Ternopil
National Medical University approved the study
protocol.

Determination of leukocytes’ number in the stage
of apoptosis, and necrosis, with increased intracellular
content of reactive oxygen species (ROS) and reduced
membrane potential of mitochondria, was carried out
with the flow cytometry method in peripheral blood.
Under the microscope, the cells were counted with
Goryaev’s camera and adjusted to 1x10° cells/ml. The
apoptosis determination was executed using a software
system on flow cytometer Epics XL (Beckman Coulter,
USA). Results are expressed as a percentage of cells
which have attached FITC Annexin V or PI. The cells
are alive when they are FITC Annexin V and PI
negative. The cells are apoptotic when FITC Annexin
V is positive, and PI is negative. The cells are in the
stage of irreversible apoptosis (necrosis) when they are
FITC Annexin V and PI positive.

Analysis of cell samples to determine ROS of
neutrophils was evaluated with the flow cytometry
method by Epics XL (Beckman Coulter, USA), using
2.7-dichlorodihydrofluorescein  diacetate (hydrogen
peroxide) and Dichlorethidium (superoxide anion-
radical). The value of the studied parameter was
expressed as a percentage (ratio of cells with ROS
overproduction to general cell countx100%).

The number of neutrophils with low transmembrane
mitochondrial potential (Ay) was evaluated by the flow
cytometry method, wusing a kit of reagents
“MitoScreen” (“BD Pharmigen”, USA) on flow
cytometer Epics XL (Beckman Coulter, USA). The
value of the studied parameter was expressed as a



percentage (ratio of cells with low Ay to general cell
countx100%).

All of the data were processed using the software
package Statistica 6.1 for Windows. The median (Me)
and interquartile range (IQR [Q25-Q75]) were
deduced. Quantitative indicators comparative analysis
of three and more groups were conducted using the
Kruskal-Wallis criterion, which is considered statis-
tically significant at p <0.05. Intergroup comparisons
were performed using the Mann-Whitney-Wilcoxon U
test while evaluating equal statistical significance.
Correlation analysis was performed with the Spearman
method. The coefficient of linear correlation (r) and its
reliability (p) was calculated and demonstrated in the
tables (correlation matrices). If the index r=0 the
linkage was considered to be absent; in the range, 0-
0.29 - the linkage was considered to have weak
correlation; the interval of index 0.30-0.69 described
linkage as having medium strength, and interval of
0.70-1.00 pointed to strong correlation interaction. The
correlation coefficient was significant at p<0.05.

Results and discussion. Among the
indicators of free radical oxidation, the level
of hydrogen peroxide in the leukocytes of
patients of all experimental groups probably
differed when analyzing the rank variations of
Kruskal-Wallis (p=0.003). It was found that
the level of H,O, was probably higher by
104.81% in the group of patients 3-6 months
after the stroke, and by 23.72% in the group
of patients 6-12 months after the stroke,
compared to the control group. At the same
time, the obtained data of the 1% group were
probably higher compared to the results of the
3" (by 85.76%) and the 4™ (by 98.45%)
experimental groups (table 1).

The indicator of leukocyte Ay in patients
of all experimental groups also probably
differed when analyzing Kruskal-Wallis rank
variations (p=0.046). At the same time, it was
established that Ap was probably higher by
137.65% in the group of patients who were 3-
6 months after the stroke and by 69.95% in
the group of patients after 6-12 months after
the stroke compared to the control values. The
obtained data of the 1% group were probably
higher compared to the results of the 3" (by
118.10%) and the 4™ (by 142.11%) experi-
mental groups (table 1).

Indicators of blood leukocyte cell death,
namely live leukocytes and leukocytes with
early and late signs of apoptosis in patients of
all experimental groups, also probably
differed when analyzing Kruskal-Wallis rank
variations. The level of leukocytes with signs
of necrosis in all experimental groups
probably did not differ when performing the
Kruskal-Wallis rank variation analysis. It was
established that in the late subacute period,
cell death rates of blood leukocytes were
significantly different vs control values: live
leukocytes were lower by 40.23%, while V*
/PI" and V' /PI" exceeded accordingly 7.15
and 3.91 times. At the same time, the obtained
results of cell death indicators of blood
leucocytes in the late subacute period were
probably higher than the data in the chronic
period, as well as after 1-3 years and more
than 3 years (table 2).

Table 1. Indicators of the intracellular level of free oxygen radicals and transmembrane potential in patients
who suffered an ischemic stroke in the vertebral-basilar basin, Me (Qs - Q7s)

Catamnesis H,0, (%)

0" (%) Ap

3-6 months (1) 31.95 (30.80; 32.98)

5.55 (5.15; 5.95) 10.12 (9.68; 11.17) ~

6-12 months (2) 19.30 (18.68; 20.25) A

3.01 (2.88; 3.14) 7.24 (7.05; 7.36) A

1-3 years (3) 17.20 (16.13; 17.70) #

1.87 (1.79; 1.94) 4.64 (4.354.72) #

more than 3 years (4) 16.10 (15.80; 16.20) #

1.80 (1.70; 1.90) 4.18 (4.02;4.31) #

control (5) 15.60 (14.23; 16.95) #

1.89 (1.59; 2.01) 4.26 (4.13; 431) #

Kruskal-Wallis criterion, p

H=15.85
P=0.003*

H=8.61
p=0.07

H=9.94
p=0.046*

Note: * — statistically significant results; ~ — the probability of differences in relation to the control values
(5); # — the probability of differences in relation to (1).
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Table 2. Indicators of blood leukocytes cell death in patients who suffered an ischemic stroke
in the vertebral-basilar basin, Me (Qs - Q7s)

Leukocytes with Leukocytes .
. - - Leukocytes with
Catamnesis Live leukocytes, % early S1gns of with late S1gns signs of necrosis
’ apoptosis of apoptosis (V' IPI%), %
(V'IPI), % (V'IPI"), % ’
3-6 months (1) 68.01 (67.00; 68.81) 30.40 (29.30; 0.86 (0.80; 0.96 (0.90;
N 31.25) ~ 0.92) » 1.10)
6-12 months (2) 79.59 (78.46; 80.65) 19.60 (18.68; 0.53 (0.49; 0.18 (0.15;
20.80) “n & 0.58) A 0.20)
1-3 years (3) 88.01 (87.77; 88.46) 11.70 (11.20; 0.21 (0.18; 0.11 (0.09;
i 11.88) “» 0.23) 0.14)
more than 3 years (4) | 92.29 (92.27; 92.50) | 7.32 (7.18; 7.34) "~ 0.20 (0.18; 0.16 (0.15;
# & 0.22) * 0.17)
control (5) 95.37 (94.99; 95.97) | 4.25(3.70; 4.60) * 0.22 (0.16; 0.14 (0.11;
i 0.25) * 0.16)
Kruskal-Wallis criterion, p
H=29.33 H=25.30 H=10.49 H=4.69
p<0.001* p=0.0004* p=0.03* p=0.32

Note: * — statistically significant results; * — the probability of differences concerning the control values
(5); # — the probability of differences concerning (1), & — the probability of differences concerning (3).

In order to clarify the metabolic relationships
between the investigated indicators, a
correlation analysis was conducted. There was
established a positive average relationship
between hydrogen peroxide and indicators of
programmed leukocytes cell death, as well as a
direct average relationship between Ay,
apoptotic and necrotic peripheral blood
leukocytes in patients who suffered an ischemic
stroke in the vertebral-basilar basin in the late
sub-acute period. After 6-12 months, there is a

medium-strength positive relationship between
the percentage of leukocytes with early and late
signs of apoptosis, on the one hand, and the
level of H,0, and Ay, on the other. Established
correlations are being lost in experimental
groups after 1-3 years and more than 3 years
(table 3). The obtained data indicate the
implementation of the mitochondria-mediated
pathway of leukocyte cell death in patients with
ischemic stroke in the vertebral-basilar basin in
the late subacute and chronic periods.

Table 3. Correlations between selected indicators of oxidative stress, transmembrane potential, and
programmed leukocytes cell death in patients with ischemic stroke in the vertebral-basilar basin

Indicators of programmed cell death of leukocytes
Indicators of oxidative stress Live +iop - - Sop +
and transmembrane potential | leukocytes, % VL % VP % VP, %
3-6 months
H,0, 0.58* 0.61* 0.54* 0.49*
O, 0.32 0.28 0.41 0.35
A 0.42 0.59* 0.54* 0.51*
6-12 months
H,0, 0.38 0.47* 0.51* 0.32
0, 0.21 0.19 0.33 0.17
Ap 0.29 0.55* 0.54* 0.36
1-3 years
H,O, 0.26 0.21 0.25 0.17
0, 0.19 0.12 0.09 0.16
Ap 0.22 0.26 0.16 0.24
more than 3 years
H,O, 0.28 0.12 0.08 0.11
0, 0.14 0.23 0.12 0.18
Ap 0.26 0.28 0.16 0.05
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It has been established that almost a fourth
of all transient ischemic attacks and strokes
occur in the vertebral-basilar basin [16].
Although stroke in the vertebral-basilar basin
has traditionally been considered to have a
more favorable prognosis compared to stroke
in the intracranial internal carotid artery, the
data are still controversial; some studies show
significantly more severe impairment in
patients having a stroke in the vertebral-
basilar basin, and also 21% of patients with
mortality or disability [17].

From the pathogenetic point of view,
atherosclerosis is the main pathological
process in stroke [18]. Previous studies have
shown that vertebral-basilar occlusion is
associated with intracranial atherosclerosis
[19, 20]. Atherosclerosis, hyperlipidemia, or
rupture of the plaque leads to focal ischemia
[21, 22]. Low oxygen saturation leads to
excessive production of ROS; as a result,
neuronal cells initiate inflammatory answer,
and in the end, they undergo apoptosis [23].

Oxidative stress is one of the causes of the
pathogenesis of ischemic damage to nerve
cells, mediated by a violation of calcium
homeostasis [24, 25]. An uncontrolled
calcium increase in nerve cells makes ROS
active. Damaged mitochondria can also
produce ROS constitutively. ROS are formed
during ischemia and reperfusion phases,
leading to brain damage in patients with acute
ischemic stroke. ROS can also lead to other
intracellular damage, i.e., inactivate enzymes,
cause structural changes in carbohydrate
molecules, and, as a result, apoptosis appears
[26-28].

Neuronal loss occurs during stroke due to
cerebral ischemia or hemorrhage, triggering a
complex series of biochemical events that
lead to complete disruption of cell integrity
and cell death. A post-stroke lesion is
characterized by a focus of necrotic cell death
that is formed rapidly after injury presenting
the tissue that is irreversibly lost, as well as a
penumbra that surrounds the focus and is
defined as a moderately hypoperfused
metastable area that maintains structural
integrity but has lost or impaired function.
This penumbra is the leading risk zone and
can be saved with appropriate treatment [29].
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The changes we obtained in the late subacute
and chronic periods may be associated with
residual phenomena after an acute ischemic
stroke and gradual recovery of tissues. In our
study signs of necrosis were recorded 3-6
months after the stroke.

Our results showed a relationship between
oxidative stress and indicators of leukocyte
cell death in the late subacute and chronic
periods of ischemic stroke in the vertebral-
basilar basin, which is lost after 1-3 years and
over 3 years after the stroke. Scientists have
shown that a change in the activity of
phagocytes is also observed in the chronic
phase after a stroke, that is, in this case,
phagocytes demonstrate increased adhesive
properties. At the same time, the presence of
vascular damage after a stroke leads to the
generation of radicals by endothelial cells,
which initiate the lipid peroxidation of cell
membrane components and cause the release
of pro-inflammatory mediators, including
phagocytes [30]. Adhering to the vascular
endothelium, phagocytes release various toxic
products that exacerbate vascular damage and
increase the likelihood of a subsequent stroke
within one year. The obtained data give
reason to conclude that the absence of a
relationship between oxidative stress and
indicators of leukocyte cell death after 1 year
and later indicates the effectiveness of the
therapy in the early stages of ischemic stroke.

Conclusions

1. In patients with ischemic stroke in the
late subacute and chronic periods, the levels
of H,O, and Ap were significantly higher,
according to the control values. At the same
time, the indicators of leukocyte cell death are
the highest in the late subacute period. They
probably differ from both control values and
data in the chronic period, as well as after 1-3
years and more than 3 years of observation.

2. A direct average relationship was
established between the level of hydrogen
peroxide and indicators of cell death of
leukocytes in the late subacute and chronic
periods of ischemic stroke in the vertebral-
basilar basin, which is lost after 1-3 years and
more than 3 years of observation.
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H.T.lllana6aii, C.U.Ilkpo6oT, K.B./lyBe, P.b.Hacanbik

MUTOXOHAPUAJBHBIE MEXAHU3MbI AIIOIITO3A B TEHEHUN HIIEMHUIYECKOI'O
UHCYJbTA B BEPTEEPO-BASHJISAPHOM BACCEMHE

TepHononbckutl HAYUOHATLHBIN MeOuyuHcKull yHugepcumem umenu M.A.I'opbauescrkoeo,Ykpauna

B craTthe paccMOTpeHa poJib MUTOXOHIPHHA-OMIOCPEI0OBAHHOTO MyTH alONTO3a B TCYCHUU UIIEMHYECKOTO
WHCYJbTa B BepTEOpPO-0a3misipHOM OacceiiHe IMyTeM OINpeAecHHs YPOBHEH aKTHUBHBIX (JOPM KHUCIOPOAA,
TpaHCMEMOPAHHOTO MOTEHIMAJIa, [TOKa3aTe/iel KJICTOUYHOW T'MOeIM M WX B3aUMOCBSI3UM B Pa3HbIC IEPUOJIBI
WHCYJbTA.

B wuccnenoBanue Obut0 BKIIOUEHO 105 YeloBeK ¢ JMArHO30M HIIEMHUYECKOTO HMHCYJbTAa B BepTEOpO-
0asmIspHOM OacceiiHe, U3 HUX B MOAOCTpoM mepuoje (3-6 mecsiieB) — 49 OONBHBIX, XPOHUUECKOM HEPUOJIE
(6-12 mecsitieB) — 32 60nbHBIX, yepe3 1-3 roga — 14 6onbHBIX 1 60siee 3 sieT — 10 GONbHBIX.

YcTaHOBNIEHO, YTO Y OONBHBIX HMIIEMUYCCKAM HWHCYJIBTOM B MO3JHEM MOJOCTPOM M XPOHHUYECKOM
nepuoaax yposeHb H, O, v A ObUTH BEPOSITHO BBIIIIE, OTHOCUTEIBLHO KOHTPOJIA. B TO ke Bpems, B MO3AHEM
MOJIOCTPOM TIEPHOJIC TIOKA3aTEeIH KJIETOUYHON rMOeNd JTEHKOIIMTOB CaMbIe BBICOKHE M BEPOSTHO OTIUYAIOTCS
KaK OT KOHTPOJIbHBIX 3HAYCHUH, TAK U TAHHBIX B XPOHUYECKOM TEepHOJie, a Takke yepe3 1-3 roga u 6omnee 3
JIET HaOJIOJCHUs. YCTAHOBJICHA NpsMas CPEIHSS CBSI3b MEXJIY YPOBHEM THIPOIreHa IECPOKCHAA U
MOKa3aTeNsIMA  KJIETOYHOM FI/I6eJ'II/I HeﬁKOHHTOB B ITO3JHEM IMOAOCTPOM M XPOHHUYECKOM II€pUOaax
HIIEMUYECKOTO HHCYIbTa B BepTeOpo-0a3uisipHoM Oacceline, KOTOphIi Tepsietcs uepe3 1-3 roaa u Gonee 3
JICT HAOJFOICHUSI.
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