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ABSTRACT

Stroke is a global epidemic issue and the second leading cause of death in the world and in Ukraine. According to official statistics, every year
100-110 thousand Ukrainians suffer acute cerebrovascular disorders. One third of such patients are of working age, up to 50 % will have a
disability, and only one in ten will fully return to full life. So far, promising experimental data on the treatment of neurological dysfunction using
mesenchymal stromal cells (MSCs) have been obtained.

THE AIM OF STUDY is to compare the effect of MSCs of different origins on mortality and neurologic deficit in rats with acute cerebral ischemia-
reperfusion injury (CIRI).

MATERIALS AND METHODS. Acute cerebral ischemia-reperfusion was modeled by transient bilateral 20-minute occlusion of internal carotid ar-
teries in male Wistar rats aged 4 months. Animals were injected intravenously with 1+10° MSCs derived from human umbilical cord Wharton’s-
jelly (hWJ-MSC), human and rat adipose tissue. Other groups of experimental animals were injected intravenously with rat fetal fibroblasts
and cell lysate from hWJ-MSC. The last group of rats received Citicoline at a dose of 250 mg/kg as a reference drug. Control animals were
injected intravenously with normal saline. The cerebroprotective effect of therapy was assessed by mortality and neurologic deficit in rats on
the McGraw’s stroke index score.

RESULTS. After 12 hours of observation in the crucial period in the development of experimental acute cerebrovascular disorders with the
administration of h(WJ-MSC, mortality was only 10 % against 45 % of animals in the control group. The use of rat fetal fibroblasts reduced the
mortality of animals compared to the control group by an average of 25 %. CIRI in rats caused severe neurologic deficits: paralysis, paresis,
ptosis, circling behavior. On the 7 day of observation in the control group of animals, the mean score on the McGraw’s stroke index indicated
severe neurological disorders. On the 14" day of observation in this group of animals there was no complete recovery of lost central nervous
system functions. Compared with the control group of animals, all the treatment agents for acute CIRI (MSCs of various origins, MSC’s lysate
and Citicoline) contributed to a significant regression of neurologic deficit.

CONCLUSIONS. Thus, transplantation of human Wharton’s jelly-derived MSCs and rat fetal fibroblasts reduced mortality and alleviated neu-
rological symptoms in rats with experimental ischemic stroke. hWJ-MSC, rat fetal fibroblasts, and rat adipose-derived MSCs reduced the
incidence of neurological disorders better than Citicoline, which was accompanied by a regression of neurologic deficit dynamics on the 14"
day of follow-up. The ability of stem cells of different origins to reduce neurologic deficit indicates the feasibility of their use in experimental
acute cerebral ischemia.
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Stroke is a global epidemic and the second leading cause of death in ~ 100-110 thousand Ukrainians develop acute cerebrovascular disorders.
the world and Ukraine [1, 2]. According to official statistics, every year  One third of such patients are of working age, up to 50 % will have a dis-
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ability, and only one in ten will fully return to normal life [2]. Therefore,
medical care in acute cerebrovascular disorders is a priority in the Pro-
gram of medical guarantees with funding at a higher rate [3].

In the treatment of stroke, it is important to restore perfusion of the
ischemic area as soon as possible [4, 5]. However, the search for effec-
tive and safe means to reduce the manifestations of acute cerebrovascu-
lar disorders is still ongoing.

So far, promising experimental data on the treatment of neurologi-
cal dysfunction using mesenchymal stromal cells (MSCs) have been
obtained [6-9]. It should be noted that MSCs are multipotent cells that
have unlimited ability to grow, divide and even differentiate in vitro into
neurons, astrocytes and oligodendrocytes [10-12]. /n vivo MSCs in the
cerebral infarction model in rats have also been shown to improve neu-
rological function [12]. However, comparative studies for different types
of MSCs in cerebrovascular diseases model have been described little.

The AIM of our study was to compare the effect of MSCs of different
origins on mortality and neurologic deficits in rats with acute cerebral
ischemia-reperfusion injury (CIRI).

MATERIALS AND METHODS

For the experiment, we used 200 adult 4-month-old albino Wistar rats
weighting 160-190 g. Animals were kept under standard conditions with
water and food ad libitum in the vivarium of M. I. Pirogov Vinnytsia Nation-
al Medical University. The study followed the guidelines of the State Ex-
pert Center of the Ministry of Health of Ukraine and national requirements
“General Ethical Principles of Animal Experiments”, approved by the First
National Congress on Bioethics (Kyiv, Ukraine, 2001) as well as the Law
of Ukraine “On Protection of Animals from Cruelty” (dated 26.02.2006).

Cerebral ischemia-reperfusion injury model. An experimental CIRI
was modeled by bilateral ligation of the internal carotid arteries for 20
minutes under anesthesia with Propofol-Novo 60 mg/kg (Novopharm-
Biosynthesis LLC, Ukraine). The selected model reflects the clinical
picture of cerebral stroke and is adequate for the experimental study of
potential neuroprotective agents [13]. MSCs of various origins in the
amount of 1+10° cells per animal in 0.2 mL of 0.9 % NaCl solution were
injected once intravenously into the catheterized femoral vein immedi-
ately after CIRI. Immediate administration was performed to assess the
potential of MSCs to prevent the progression of acute ischemic injury,
namely the area of ischemic tissue “penumbra”, which is the main target
of ischemic stroke therapy in the first hours and days after the onset of
the disease. The effectiveness of the treatment of acute cerebral ischemia
was determined by the dynamics of rat mortality and neurologic deficit.

The isolation of human MSCs from umbilical cord-derived Wharton’s
jelly. After an informed consent, umbilical cord was obtained in aseptic con-
ditions from a healthy woman during a normal delivery at 39 weeks of preg-
nancy. All experiments were performed on a sample from one umbilical cord.

The tissue was delivered to the laboratory in DMEM medium (Bio-
West, Austria), with antibiotics (penicillin 100 1U/mL, streptomycin 100
pg/mL) and processed no later than 8 hours after the labor. The umbili-
cal cord was washed from the blood as much as possible, placed in a
new medium for 20-30 minutes with a 10-fold concentration of penicillin
1000 IU/mL, streptomycin 1000 pg/mL (Kyivmedpreparat, Ukraine) and
antifungal amphotericin B 50 IU/mL (Biowest, France). All manipulations
were performed under sterile conditions. Vessels (a vein and two arte-
ries) were removed from the umbilical cord. Umbilical cord Wharton’s
jelly was isolated, minced with scissors to the pieces up to 0.1-0.5 cm
and resuspended in warm (37 °C) growth medium alpha-MEM (BiolW/-
est, Austria), supplemented with 10 % fetal bovine serum (HyClone, USA)
2 mM L-glutamine (Sigma, USA) and 10 nM fibroblast growth factor-1
(Interpharm Biotek, Ukraine). The cultivation was performed in a 25 cm?
or 75 cm? culture flask (Bioswisstec, Switzerland) in a CO, incubator at
37 °C and 5 % CO, by explant technique. After 7-14 days, the first clones
were obtained from the explants, which were grown to 80 % monolayer.
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The medium was changed every 3 days. Solutions of 0.02 % Versen and
0.25 % trypsin (Biowest, France) in a ratio of 1:1 were used for cell subcul-
ture according to standard methods. Cells were seeded at 5¢10° cells per
cm?, expanded to the 2" passage and characterized by morphology and
surface markers [14] before further administration to experimental animals.

The isolation of human adipose-derived MSCs. We use standard
method with modification to obtain adipose-derived MSCs [15]. After
signing an informed consent, adipose tissue was obtained from 23-33
year-old women during cosmetic liposuction from the abdominal fat. All
experiments were performed with the sample of one liposuction.

Within 2 hours after the surgery, the material was delivered to the
laboratory and immediately processed to isolate MSCs. 25 mL of fat was
centrifuged for 10 min at 800 xg at room temperature to separate from
blood. Then it was washed twice by centrifugation with phosphate buf-
fer saline (PBS) (Sigma, USA) in a ratio 1:1. An equal volume of 0.2 %
solution of collagenase type | (Gibco, USA) in PBS heated to 37 °C was
added to the washed adipose tissue. The resulting mixture was shaken
on a shaker for 1 h at 37 °C, and then centrifuged at room temperature
for 10 min at 800 xg. Mature adipose cells on top and most of the fluid
were discarded, leaving about 5 mL of cell pellet. The obtained pellet was
resuspended in 20 mL of nutrient medium DMEM/F12 (BioWest, Austria),
supplemented with 10 % fetal calf serum with antibiotics, and seeded
into 25 cm? culture flasks in a volume of 5 mL. After 24 h, the nutrient
medium was changed discarding non-adherent cells. Subsequently, the
medium was changed every 3 days. When 70-80 % of the monolayer
was reached, the first cell subculture was performed using a mixture of
0.25 % trypsin solution and 0.02 % Versene solution in a ratio of 1:1
according to standard methods. The seeding density was 5+10° cells/cm?.
Cells were expanded to the 2™ passage.

Umbilical cord and adipose-derived MSCs at the second passage
were stained with hematoxylin and eosin to check their morphology, and
also analyzed by flow cytometry using cell sorter FACSAria (BD Bioscien-
ces, USA). Cell phenotyping for the surface markers CD73, CD90, CD105,
CD34 and CD45 were performed according to the standard procedure
using anti-CD105 PerCP-Cy5.5 (cat. #560819), anti-CD90 PerCP-Cy5.5
(cat. #561557), anti-CD73 PerCP-Cy™ 5.5 (cat. #561260), anti-CD34
APC (cat. #345804), anti-CD45 FITC (cat. #345808) mouse anti-human
monoclonal antibodies (all — BD Bioscience, USA) [14]. The multipotent
potential of cells was confirmed by directed differentiation into adipo-,
chondro- and osteogenic direction using the STEMPRO® Adipogenesis
Differentiation Kit, STEMPRO® Chondrogenesis Differentiation Kit and
STEMPRO® Osteogenesis Differentiation Kit (Thermo Fisher Scientific,
USA), according to the instructions of manufacturer (data not presented).
These analyses confirmed belonging of isolated cells to MSCs according
to minimal criteria.

The isolation of rat adipose-derived MSCs. MSCs from rat adipose tis-
sue were isolated according to standard protocol with some modifications
[16]. Abdominal adipose tissue of rats was obtained in the amount of 2 g.
The experiment used sample from one animal euthanized with a 10-fold
overdose of sodium thiopental at 50 mg/kg (Brovarpharma, Ukraine). The
adipose tissue was washed twice by centrifugation with PBS, and then
added an equal volume of 0.2 % solution of collagenase type | heated
to 37 °C in PBS. Subsequent phenotyping were performed as described
for human adipose-derived MSCs, using mouse anti-rat antibodies anti-
CD45 FITC (cat. #554883, BD Pharmingen™, USA), anti-CD90 PE (cat.
#551401, BD Pharmingen™, USA), anti-CD34 FITC (cat. #11-0341-82,
Invitrogen, USA), anti-CD105 FITC (cat. #MA1-19594, Invitrogen, USA).

The isolation of rat embryonic fibroblasts. The study used the muscle
tissue of four 15-day-old rat embryos; the gestation period was deter-
mined by the copulation plug. The female was euthanized with sodium
thiopental 50 mg/kg. The tissue was kept for 20 min in DMEM medium
with 10-fold concentration of antibiotics (penicillin 1000 1U/mL and strep-
tomycin 1000 pg/mL), then placed in 0.25 % solution of a mixture of
trypsin and 0.02 % Versen in a ratio of 1:1 and kept at 37 °C overnight.
In the morning, the fluid was discarded, 10 mL of serum-free DMEM
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medium was added to the tissue and pipetted to obtain a homogeneous
cell suspension. Then fetal bovine serum up to 10 % was added and the
suspension was seeded in Petri dishes. After 24-48 h, a monolayer of
cells was formed and detached from the plastic substrate using a mixture
of trypsin 0.25 % and Versen 0.02 % in a ratio of 1:1 for further use in the
experiment [17]. Cells were identified by spindle-shaped morphology and
hematoxylin-eosin staining.

The obtaining of MSC’s lysate. Wharton’s jelly-derived cells at the
80-90 % monolayer density were detached from substrate, centrifuged,
counted, diluted with DMEM medium to the concentration of 1+10%/mL
and aliquoted in 1 mL. On an ultrasonic disintegrator Ultrasound-2T
(Sumy, Ukraine), the cells were subjected to ultrasound disintegration for
10 s with a power of 22 kHz, then centrifuged for 10 min at 12,000 xg. The
supernatant was collected and used in further experiments.

Study design. Experimental animals were divided into 8 groups
(Table 1).

Group 1 is sham-operated rats, which were successively subjected to
the following interventions (anesthesia, skin incision, vascular isolation)
except for internal carotid artery ligation, which reproduced the effects of
traumatic experimental conditions. Group 2 is a control group. The rats
in this group underwent 20-minute cerebral ischemia by internal carotid
artery ligation. After 20 min, the ligatures were removed from the arteries
(reperfusion) and a single dose of 0.9 % normal saline was injected into
the femoral vein at a dose of 2 mL/kg. A similar dose was administered
to rats of Group 1. Group 3 animals were once transplanted with human
Wharton’s jelly-derived MSCs at a dose of 1+10 cells per animal. Group
4 underwent a single transplantation of human adipose-derived MSCs
at a dose of 1+10° cells/animal. Group 5 received 1+10° cells/animal of
rat fetal fibroblasts. Group 6 received 1+10° cells/animal of rat adipose-
derived stem cells. Group 7 was administered a single dose of human
Wharton’s jelly-derived MSC’s lysate (0.2 mL/animal). Group 8 received
a single dose of 250 mg/kg of reference drug CGiticoline (Neuroxon, Arte-
rium Corporation, Ukraine). Citicoline was chosen because of its ability to
positively affect the regression of neurologic deficit in the experiment and
improve cognitive functions in patients with cerebral ischemia [18-21].

The modified McGraw’s stroke index score was chosen for the analy-
sis of neurologic deficit in rats (Table 2) [21]. Studies have been per-
formed on the 7™ (subacute period of ischemia) and 14" days (recovery
period) [22, 23]. The severity of the neurologic deficit was assessed by
the sum of the corresponding points: up to 2.5 points — mild symptoms
(paucity of movements, weakness of the extremities, unilateral semipto-
sis, tremor, circling behavior); from 3 to 10 points — severe manifesta-
tions of neurological disorders (paresis and paralysis of the limbs, lateral
position).

Statistical processing of the obtained data was performed using MS
Excel 2010 (Microsoft, USA) and Statistics 6.1 software (StatSoft Inc.,
USA). The reliability of differences was assessed using the nonparametric
Mann-Whitney U-test. Data are presented as mean and standard deviation
(M % o). The difference between the studied parameters was considered
statistically significant at a value of p < 0.05.

RESULTS AND DISCUSSION

Experimental cell therapy of acute transient cerebral ischemia-reper-
fusion in rats using stem cell transplantation of various origins provided
the reduce of the mortality rate of experimental animals (Fig. 1).

The greatest protective effect in rats with CIRI was observed when us-
ing human Wharton’s jelly-derived MSCs (Group 3). At 12 hours of follow-
up as a critical period in the development of experimental acute cerebro-
vascular disorders the mortality was only 10 % vs. 45 % of shamoperated
animals (p < 0.05). The use of rat fetal fibroblasts reduced the mortality
of animals relative to the control group by an average of 25 % (p < 0.05).
Compared with the reference drug Citicoline at a dose of 250 mg/kg, the
use of MSCs of various origins had no significant differences.
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Table 1. The distribution of animals in the experiment.

NUMBER OF

GROUP ANIMALS TREATMENT
1 10 sham-operated animals + normal saline at
a dose of 2 mL/kg
2 40 CIRI + normal saline at a dose of 2 mL/kg
3 20 CIRI + human Wharton’s jelly-derived MSCs
at a dose of 1108 cells/animal
4 25 CIRI + human adipose-derived MSCs
at a dose of 1108 cells/animal
5 20 CIRI + fetal rat fibroblasts at a dose
of 14108 cells/animal
6 o5 CIRI + rat adipose-derived MSCs at a dose
of 1+108 cells/animal
7 95 CIRI + lysate of human Wharton’s jelly-
derived MSCs at a dose 0.2 mL/animal
8 25 CIRI + Citicoline at a dose 250 mg/kg
Table 2. Modified
SYMPTOMS POINTS McGraw’s stroke index
Paucity of movements 0.5 score for neurologic
deficit assessment.
Tremor 1
Unilateral semiptosis 1
Bilateral semiptosis 1.5
Leg weakness 1.5
Unilateral ptosis 1.5
Bilateral ptosis 1.5
Circling behavior 2.0
Paresis 2-5
Paralysis 3-6
Comatose 7.0
Fatal case 10.0
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Fig. 1. The mortality rate of rats with transient cerebral ischemia-reperfusion
in experimental groups, %. Data for Group 1 are not presented because all
animals survived.



During the observation period in Group 1 of sham-operated animals
no fatalities were recorded. One day after the start of the observation,
the mortality of rats with CIRI was significantly lower both in groups with
administration of different types of MSCs, cell lysate and Citicoline com-
pared with the control group (Fig. 1). During the following observation (up
to the 14t day of the experiment), there was no mortality of rats with CIRI
in these groups.

According to the degree of the survival effect in the critical period of
CIRI (12 h), the studied products can be arranged in the following order:
human Wharton’s jelly-derived MSCs > rat fetal fibroblasts > Citicoline >
rat adipose-derived stem cells = lysate > human adipose-derived stem
cells >.

For statistical reliability of neurologic deficit assessment, 7 animals
of each group were analyzed on the 7™ and 14™ day of observation. CIRI
in rats caused severe neurological disorders: paralysis, paresis, ptosis,
circling behavior — (Table 3).

On the 7" day of observation in the control group of animals, the
mean McGraw’s stroke index score indicated severe neurological disor-
ders. On the 14" day of observation in this group of animals there was no
complete recovery of lost CNS functions.

Compared to the control Group 2 all treatments for acute CIRI (MSCs
of various origins, cell lysate and Citicoline) led to a significant regression
of neurologic deficit. The best result was obtained with the use of human
Wharton’s jelly-derived MSCs (Group 3). Also, the result of the use of
human Wharton’s jelly-derived MSCs was significantly better compared
to the reference drug Citicoline on both the 7" and 14t day of the study.

In general, there are a small number of in vivo studies of human
Wharton’s jelly-derived MSCs in ischemia models in rats. Wu C. et al.
found that intracerebral and intravenous transplantation of human Whar-
ton’s jelly-derived MSCs improved neurological function in experimental
animals [24]. The study of Toyoshima A. et al. confirmed a significant
reduction in rat cerebral infarction, improved neurological function and
reduced neuroinflammation in 3 and 5 days after the surgery [25]. Similar
results were obtained by Zhang L. et al. on the 7™ day after the transplan-
tation of human Wharton’s jelly-derived MSCs. The authors confirmed the
localization of donor cells in the infarct area histologically, and some cells
differentiated into neurons after 35 days [12]. That is, exogenous human
Wharton’s jelly-derived MSCs transplanted to rats are able to migrate to
the ischemic area, survive there and even differentiate into neurons to
partially restore the affected motor function.

Thus, untreated acute cerebral ischemia rats had severe neurologic
deficit at the corresponding time. Human Wharton’s jelly-derived MSCs,
rat fetal fibroblasts and rat adipose-derived MSCs better contributed to
the regression of neurological disorders than Citicoline and cells from
other sources, accompanied by a reduction in neurologic deficit on the
14" day of follow-up.

The ability of stem cells of different origins to reduce neurologic defi-
cit indicates the feasibility of their use in acute cerebral ischemia. Accor-
ding to the literature, the study of the effects of MSCs in the treatment of
stroke has been conducted for almost two decades. In preclinical trials,
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NEUROLOGIC DEFICITS,
MCGRAW’S STROKE INDEX SCORE

GROUP
DAY 7 DAY 14

Group 1 (sham-operated animals) 0.00 £0.00 0.00 £ 0.00
Group 2 * *
(CIRI'+ normal saline) Ut il Sl U
Group 3

(CIRI'+ human Wharton’s 714 £019**" 486 +0.15*
jelly-derived MSCs)

Group 4

+ human adipose-derive .86 + 0. 7120.

CIRI +h di derived 8.86 £ 0.23**  5.71 +0.23**
MSCs)

S 7.71£0.28*  514+0.19*
(CIRI + fetal rat fibroblasts) R e
Group 6 x *
(CIRI + rat adipose-derived MSCs) 8.50£0.26™" 5432014
Group 7

(CIRI'+ lysate of human Wharton’s  8.57 + 0.22*#A 5,57 + 0.22*#
jelly-derived MSCs)

Group 8 9.21+0.16*  6.14+0.15%

(CIRI + Citicoline)

rats are the most widely used animals to model the cerebral ischemia.
At the same time, even in recent studies, the main source of MSCs was
bone marrow and adipose tissue, and only one study was performed with
placental cells, and, as in our case, both allogeneic [25] and xenogeneic
[26] cells were used in the studies. No reports on the use of MSC’s lysate
were found. Interestingly, in recent researches on this issue the effects of
MSCs from one source were studied, while we compared the impact of
both xenogeneic and allogeneic cells from two sources. The dose of cells
used by the researchers was 10°-10° cells per animal, which is consistent
with our experiment design.

Various authors have shown that MSCs transplantation after ische-
mic stroke improves brain function [25-27], effectively protects ische-
mic neurons and restores brain injury [28]. Our data on the survival
and development of neurological disorders in animals using MSCs im-
mediately after ischemia/reperfusion are only the first stage of study, the
results of biochemical, histological and immunochemical studies will be
published later.

deficit on the 14" day after acute cerebral ischemia-reperfusion.

ischemia for preclinical studies of cell therapy.

1. Human Wharton’s jelly-derived MSCs and fetal rat fibroblasts significantly better than Citicoline contributed to the regression of the neurologic

2. The potential of stem cells of different origins to reduce neurologic deficit indicates the feasibility of their use in experimental acute cerebral
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BriinB Me3eHXiMaTbHUX CTPOMATBHUX KIITUH

PI3HOIO IIOXOM)KEHH: Ha JIETATbHICTh Ta HEBPOIOTIYHMUI
nedinut npu rocTpiii imemii-penepdysii roroBHOToO
MO3KY y IIypiB

Mopos B. M.}, Konosanos C. B.!, Konosanosa H. B.!, lepa6ina O. I??, Illypanosa H. C.2,
Tomoposa O. K.>?, Tounnoscpkuit A. A.%, Koppiom B. A.>*
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IHCYnbT — Le rnobanbHa enigemis i Apyra npuynHa CMepTHOCTI HACEEHHA  CBITI Ta B YkpaiHi. 3a oiuiviHoro ctatuctukor wopidHo y 100-110
TUC. YKPaiHLiB PO3BUBAETLCS FOCTPE MOPYLLUEHHS MO3KOBOr0 KPOBOOOIry. TpeTUHA Takux XBOPUX — Lie 0CO6M npaLesfaTHoro Biky, 4o 50 %
MaTUMyTb [HBAMIAHICTb, | INLLE KOXEH JECATUI MOBHICTIO MOBEPHETLCA [0 MOBHOLIHHOIO XUTTA. Hapasi oTpumaro 6aratoobiysitodi excrnepu-
MEHTanbHi aHi OO YCYHEHHS HEBPOSIOTIYHOT ANCEOYHKLIT TPy BUKOPUCTAHHI ME3EHXIMabHUX CTPOManbHuX KitnH (MCK).

META - nopisHsitn BramB MCK pi3HOro noxXo4XeHHs Ha N1eTasbHICTb Ta HEBPOJIOTIYHUMI AeqDilnT y LUyPIB npu rocTpiil itemii-penepgysii (IP)
r0/10BHOIO MO3KY.

MATEPIAJIN TA METOAN. Camusim LypiB Bictap Bikom 4 mic. MogeoBamm roctpy iliemito-penepgbysito ronoBHOro Mo3Ky LUSXoM ABO6IYHOT
20-XBUSIUHHOI OK/IIO3IT BHYTPILLHIX COHHMX apTePIVi Ta BHYTPILLHb0BEHHO BBOAWAN MCK, oTpuMaHi 3 BapToHoBUX AparniB nynoBuHN NIOANHY,
3 XNPOBOI TKAHUHN NIOANHY Ta Lypa B 03I 1¢10° KAiTuH. IHLWMM rpynam niggocnigHnx TBapuH 8/8 BBOAWM (heTanbHi ¢hibpobaacty Lyypa
Ta N1i3at 3 KynbTypu KAiTuH BapToHosux aparnig nynosuuy nwognHn. OcTaHHs rpyna Ljypis 0TpUMyBana OfHOKDATHO PeghepeHc-npenapar
UUTUKOMIH y [03i 250 Mr/kr. KOHTPOIbHUM TBapuHaM B/B BBOAUIN i3ionoridHni po3nH. OUiHKY LepebponpoTeKTOPHOro eqexTy Tepanii
NPOBOANIM 3a NOKA3HUKAMY IETATIbHOCTI Ta HEBPOJIOMHHOM0 AeqiunTy y LypiB 3a wWwkanot McGraw's stroke-index.

PE3YJIbTATU. Hepes 12 roguH crnocTePEXEHHSA B KPUTUYHWI NEPIOS Y PO3BUTKY EKCMEPUMEHTASIbHOrO rocTpOro nopyLueHHs MO3KOBOro
KpoB0OG6Iry npu BeegeHHi MCK 3 BapToHoBUX Aparnis nynoBuHu NOANHN CMEPTHICTL cknana anwe 10 % npotn 45 % TBapnH KOHTPONbHOI
rpynn. 3acTocyBaHHs gheTanbHuX GhibpoOAAaCTIB Ly pa 3MEHLLYBAIIO NIETalbHICTb TBAPUH BIJHOCHO KOHTPO/ILHOI TPYMN B CEPEAHbOMY HA 25 %.
IP y 1ypiB BUKIINKANA TAXKI HEBPOJIOMIYHI 3MIHN: Napaniyvi, napesu, NT03, MaHeXHI pyxu. Ha 7-my J06Y CrIOCTEPEXEHHS y KOHTPOJIbHI rpymi
TBAaPUH cepesHin 6an 3a wkanow McGraw's stroke-index ¢Bifg4uB npo Baxki HEBPOIOriyHi NOPYLLIEHHSA. Ha 14-Ty B06Y COCTEPEXEHHS B Uil
rpyni TBAPUH He Bif6YI0CS MOBHOIO BiHOBIIGHHS BTPaYeHuX QyHKUivi LJHC. B nopiBHsAHHI 3 KOHTPOLHOK rPpyrnow TBapUH yci 06paHi Ans [o-
CIi[KeHHS BapiaHTy nikysarHs roctpoi IP (MCK pi3HOro noxomkeHHs, nisar 1a UNTUKOSIH) Crapusiiv JOCTOBIDHOMY PErpecy HEBPOIOriyHOro

Jeqpiynty.

BUCHOBKW. Taknum 4nHom, TpaHcnnanTayis MCK, oTpumarux i3 BapToHOBuUX Aparni nynoBuHu 0AnHN, Ta GeTanbHux (i6pobnactis Lyypa
3HUXKYBANA NETANbHICTb, MOJIErLLYBana HEBPOJIOTiYHY CUMITOMATUKY Y LUYPIB i3 EKCIEPUMEHTASIbHUM iliemidHum iHcymsTom. MCK BaptoHo-
BUX [parsiig nmynoBuHu oauHn, ghetansHi ¢piopobnactn 1a MCK XupoBoi TKaHUHM Lypa KpaLLe 3a UNTUKOIIIH CIPUAIN 3MEHLLEHHIO NPOSBIB
HEBPOJIOriYHMUX MOPYLLEHb, L0 CYNPOBOAXYBANOCH PErpPeEcoOM AUHAMIKYU HEBPOOMYHOr0 AeqhiynTy Ha 14-Ty JOOY crnocTepexeHHs . CrpoMOoX-
HICTb CTOBOYPOBUX KIITUH PISHOO MOXOMKEHHS 3MEHLLYBATH HEBPOJIONYHWA JeqhiynT CBIZYNTb NP0 AOUIMBHICTb IX 3aCTOCYBAHHSA B yMOBaX
EKCNEPUMEHTASIbHOI roCTPOI iLLemii ro0BHOro MO3KY npu AOKNIHIYHUX JOCTIIXEHHAX 6QDEKTUBHOCTI KIITUHHOI Tepanii.

KJTHOYO0BI CJI0BA: iemivyHnii iHCynbT, LepebpasibHa iLuemis-penepghysis,; HeBPOOridHNIA AeILUNT; Me3eHXiMabHI CTPOMAsbHI KAITUHW, 1i3aT
KIITUH, UNTUKOJTIH
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