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Abstract. A new direction in cell therapy for ischemic stroke has been the use of mesenchymal stromal cells, which
have shown a positive impact on functional changes in the central nervous system due to their neuroprotective
effects, reduction of ischemia-reperfusion-induced injury, inhibition of ischemia-reperfusion-induced apoptosis, and
restoration of motor function. This study aimed to investigate the effect of mesenchymal stromal cells of different
origins, their lysate, and citicoline on the functional state of the central nervous system in rats with experimental brain
ischemia-reperfusion. The study considered the effect of mesenchymal stromal cells derived from human umbilical cord
Wharton’s jelly, human and rat adipose tissue, rat embryonic fibroblasts, as well as mesenchymal stromal cell lysate and
citicoline on the emotional and behavioural responses of sexually mature Wistar rats (3-4 months) weighing 160-190 g.
The behavioural responses of rats were studied using the open field test on the 7th and 14th days of the experiment; the
following behavioural acts were recorded: ambulation (locomotion), climbing, rearing, and grooming. The significance
of differences was determined using the non-parametric Mann-Whitney U test. It was established that after ischemia-
reperfusion, animals with control pathology showed a significant decrease in the duration of episodes of ambulation
in peripheral and central squares, vertical locomotor activity, and exploratory activity compared to the sham-operated
group. In rats that received citicoline and transplanted human umbilical cord Wharton’s jelly mesenchymal stromal
cells, a significant increase in the duration of episodes of horizontal locomotor activity was observed compared to other
types of stem cells and the control. Intravenous administration of rat embryonic fibroblasts increased the emotional
activity of the experimental animals. The least impact on locomotor and adaptive exploratory activity in rats with
ischemia-reperfusion was registered in groups of animals that received mesenchymal stromal cells from human and
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rat adipose tissue, as well as mesenchymal stromal cell lysate. The practical significance of the study lies in the search
for the most effective class of stem cells with neuroprotective properties for the creation of an injectable drug for
intravenous transplantation in the treatment of patients with acute ischemic stroke

Keywords: stem cells; ischemia-reperfusion; adaptive behaviour; emotional activity; open field test

INTRODUCTION

Vascular pathology, and the associated ischemic stroke,
according to the 2019 report from the American Heart
Association’s Statistics Committee, are leading causes of
neural dysfunction, characterised by high morbidity, dis-
ability, and mortality [1]. The Stroke Expert Collaboration
Group [2] has highlighted the substantial socioeconom-
ic impact of stroke on households, underscoring the im-
mense burden this disease places on families, communi-
ties, and nations. Stem cell transplantation has emerged as
a promising avenue within regenerative strategies. Stem
cells possess the unique ability to differentiate into vari-
ous cell types and continuously self-renew [3]. Y. Zhang et
al. [4] have demonstrated that stem cell transplantation
can effectively treat neurodegenerative diseases, includ-
ing stroke. Among stem cells, mesenchymal stromal cells
(MSCs) are the most commonly employed cell type in ad-
vanced therapies for a wide range of diseases, many of
which involve inflammation [5]. MSCs constitute a hetero-
geneous population of stem cells and exhibit neuroprotec-
tive properties when used to treat ischemic stroke. These
properties manifest in reduced ischemic-reperfusion inju-
ry, inhibition of ischemia-reperfusion-induced apoptosis,
and restoration of motor function [6]. Numerous preclini-
cal studies have demonstrated the ability of MSCs to miti-
gate tissue damage, thereby promoting functional recovery
through various mechanisms, including immunomodula-
tion, pro-angiogenic signalling, secretion of neurotrophic
factors, and neuronal differentiation [4, 7]. For instance, a
research group led by J. Li et al. [7] discovered that MSCs
can facilitate cell migration, angiogenesis, immunomodu-
lation, neuroprotection, and the restoration of neural cir-
cuits. The paracrine action of MSCs can also provide neu-
rotrophic effects and enhance functional recovery. In a few
clinical studies, notably the STARTING-2 study conducted
by a research team led by ].W. Chung et al. [8], autologous
modified MSCs demonstrated significant improvements
in lower limb motor function in patients with chronic is-
chaemic stroke. Furthermore, MSCs offer several advan-
tages over other stem cell types due to easier procurement
methods, a low risk of tumorigenicity, and the absence of
ethical concerns [9]. However, several questions remain re-
garding the nature of the cell product, the delivery route,
and the optimal cell dose and administration schedule [10].
MSCs can be derived from adipose tissue, dental buds and
pulp, bone marrow, liver or umbilical cord, umbilical cord
blood, and placenta [11]. Previous studies [12] have shown
that different types of MSCs can influence mortality and
neurological deficits in rats subjected to a model of brain
ischaemia-reperfusion (IR).

Numerous studies investigating the effects of various
factors on the behavioural responses of rats have not ad-
dressed how ischaemia-reperfusion injury of the brain in
rats, or correction using MSCs, affects adaptive exploratory
behaviour. Therefore, this study aimed to investigate the

effects of MSCs from different sources, MSCs lysate, and
citicoline on the functional state of the central nervous
system (CNS) in rats with experimental brain IR.

MATERIALS AND METHODS

The study was conducted between 2021 and 2023 at the
educational and research laboratory for preclinical evalua-
tion of new drugs and biologically active compounds “Far-
madar” of the National Pirogov Memorial Medical Univer-
sity, Vinnytsya (NPMMU) (technical competence certificate
No. 031/18 valid until 31.10.2023), using sexually mature
(3-4 months old) Wistar rats weighing 160-190 g, bred in
the vivarium of NPMMU. Animals were kept in standard
vivarium conditions with natural lighting and had free
access to water and food. MSCs and MSCs lysate were ob-
tained from the Institute of Molecular Biology and Genet-
ics (IMBG) of the NAS of Ukraine. The transfer of cells was
carried out based on the Agreement on Scientific Cooper-
ation between IMBG NASU and NPMMU dated 22.09.2017.
Cell viability was assessed by staining the cell sample for
live-dead with trypan blue while counting the number of
cells in the Goryaev chamber, with viability ranging from
95-98%. Cell quality was checked on a flow cytometer for
the presence of minimal MSC markers — CD34, CD73, CD90,
CD105. Occasionally, the ability of cells to differentiate
into adipocytes and chondrocytes, which is characteristic
of MSCs, was checked. Cell morphology was constantly
monitored by assessing the shape (spindle-shaped).

Rats were used as experimental animals because the
angioarchitecture and morphology of the rat cerebral cortex
are similar to those of humans. An experimental model of IR
was created by bilaterally ligating the internal carotid arter-
ies (ICAs) for 20 minutes under propofol anaesthesia (Propo-
fol-novo, LLC Novofarm-Biosyntez, Ukraine, 60 mg/kg).
The chosen model reflects the clinical picture of cerebral
infarction and is optimal for experimental studies of po-
tential neuroprotective substances [13]. The distribution of
animals into experimental groups is presented in Figure 1.

The test substances were administered intravenously
into the femoral vein immediately after IR, as early trans-
plantation of MSCs has been shown to promote better
neurological recovery, reduce infarct volume, and require a
smaller number (1x10°) of donor cells to achieve a positive
effect [14]. Adaptive behaviour and emotional reactivity of
the animals were assessed using the open field test twice:
on the 7th and 14th days after the experimental model of
brain IR. Observations of animals in the open field were
carried out using a standard setup — a rectangular cham-
ber (100x100 ¢cm) with transparent walls 40 cm high. The
floor was divided into 25 (20x20 cm) equal squares [15].
Recording was performed using the EthoWatcher: A TOOL
FOR BEHAVIORAL AND VIDEO-TRACKING ANALYSIS IN
LABORATORY ANIMALS software-computer complex for
studying the behavioural reactions of animals, for two days
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at the same time of day under the same conditions in the
laboratory, which was located in the vivarium of NPMMU.
The exposure time for each animal in the open field was
3 minutes. The special room had a stable temperature
(18-22°C), relative humidity (40-60%) and illumination of
250 lux. The first and second testing of the experimental
animals was carried out to study the effect of treatment on
the behavioural reactions of animals with brain IR. In the

individual behaviour of rats, the following behavioural acts
were recorded: ambulation (locomotion) — gradual move-
ment of the animal in a horizontal plane (crossing central
and peripheral squares); according to indicators of verti-
cal locomotor activity — climbing (wall vertical stance on
hind legs) and rearing (free vertical stance on hind legs)
and emotional activity - grooming (number of washes and
number of boluses during defecation).

Group 1 (n = 10): sham-operated animals + intravenous injection of 0.9% sodium chloride solution, 2 mL/kg

Group 2 (n = 40):ischemia-reperfusion+ intravenous injection of 0.9% sodium chloride solution, 2 mL/kg

Group 3 (n = 20):ischemia-reperfusion +intravenous transplantation of humanumbilical cord Wharton's jelly MSCs, 106cells/animal

Group 4 (n = 20): ischemia-reperfusion+intravenous transplantationofrat embryonic fibroblasts, 10 cells/animal

Group 5 (n = 25):ischemia-reperfusion+intravenous transplantation of humanadipose tissue MSCs, 10° cells/animal

Group 6 (n = 25):ischemia-reperfusion+intravenous transplantationofrat adipose tissueMSCs, 106 cells/animal

Group 7 (n = 25):ischemia-reperfusion+intravenous injectionof cell lysate fromhumanumbilical cord Wharton's jelly MSCs, 0.2 mL/animal

Group 8 (n = 25):ischemia-reperfusion +intravenous injection of citicoline (“Neuroxon”, Corporation” Arteium”, Ukraine), 250 mg/kg

Figure 1. Distribution of animals in the experiment

Source: compiled by the authors

Statistical analysis of the obtained data was per-
formed using Microsoft Excel 2010 and Statistica 6.1 soft-
ware. The significance of differences was assessed using
the unpaired nonparametric Mann-Whitney U test. Dif-
ferences between the measured parameters were consid-
ered statistically significant at p < 0.05. All manipulations
with experimental animals were carried out following the
International Rules and Standards of the Directive of the
Council of the European Communities 86/609/EEC and
the principles of the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and

Other Scientific Purposes” [16] and the Law of Ukraine
dated 21.11.2006 No. 3447-IV “On the Protection of An-
imals from Cruelty” [17]. The research protocol was ap-
proved by the Bioethics Committee of NPMMU (protocol
No. 2 dated January 31, 2024).

RESULTS
The open field test allows for the examination of rat behav-
iour by assessing levels of emotional and behavioural re-
activity, the dynamics of individual behavioural elements,
and locomotor stereotypy (Table 1).

Table 1. Comparison of behavioural response indicators

in rats with a model of brain ischemia-reperfusion and amid a correction (M *m)

Sham-operated
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 14 Days 7 Days 14 Days
Ambulation (peripheral) 2.26+1.03 0.30+0.18 18.00+1.22 12.43+1.68 115.27+3.28 101.20£9.48
Ambulation (centre) 5.05+3.28 21.11+19.17 3.14%£0.60 1.43+0.52 11.97+1.81 3.05+1.61
Climbing 13.89+3.07 34.07+12.56 11.43+0.88 5.86+1.83 23.47+2.87 14.82+4.67
Rearing 33.41%22.77 00 0.86%0.50 00 1.52+0.85 00
Grooming 96.90* 14.06 41.02+10.57 2.43+0.88 3.29%0.81 24.02+4.55 40.26+7.46
Ischaemia-reperfusion (IR)
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 0.16%0.17 0.65%0.71 16.00+3.01 12.83+2.14 74.05+11.38* 91.66%13.64
Ambulation (centre) 12.03+6.49 3.35%£2.20 1.83+0.59 1.50+0.68 5.23*1.91* 5.65%2.26
Climbing 16.14+8.12 20.41+12.40 9.83+2.76 5.50%£1.46 20.50+4.29 12.11+3.19
Rearing 5.02+5.50 14.42+15.79 0.17+0.18 0.50%0.55 0.28+0.30 0.90+£0.99
Grooming 61.13+12.59 61.51+18.8 1.67+0.23 2.17+0.34 13.91+4.36 16.36+6.18*
IR + human Wharton’s jelly MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 1.29+£0.94 5.72+5.48 14.57+2.18 12.57+2.89 114.13+12.58# 99.57+21.15
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Table 1. Continued

IR + human Wharton’s jelly MSCs
Latent period Number of episodes Duration of episodes
Ambulation (centre) 16.03£10.58 5.16+2.76 2.57+0.88 2.00+0.53 8.63£3.10 6.98+3.64
Climbing 10.99+£3.23 16.94£4.76 7.14+1.55 6.14+1.79 11.02£3.70* 12.52£3.63
Rearing 16.36+11.41 00 0.43+0.32 0£0 0.43+0.36 00
Grooming 62.27%22.98 40.09+9.58 2.86+1.01 3.00%0.71 14.74+4.70 19.18+4.01*
IR + rat embryonic fibroblasts
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 1.50%1.07 0.55+0.44 14.50+1.12 15.67+3.17 87.10%13.45* 76.94+10.03
Ambulation (centre) 6.00+6.04 3.24+3.10 2.17+0.34 1.83%1.00 7.57+2.49 4.13+2.42
Climbing 8.83+1.29 15.57+7.12 7.50+0.97 8.17+2.67 13.98+3.64 17.81+6.64
Rearing 15.51+17.00 30.16%26.27 0.17+0.18 0.50+0.37 0.28+0.30 0.55%0.43
Grooming 35.84+8.34* 13.41+4.64# 4.17+0.52# 4.33%0.67# 39.12+11.83# 25.66+5.78
IR + human adipose MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 0.55%0.39 3.05+1.80 13.50%+2.03 6.83+1.15%# 105.34+14.84 53.99+12.44*
Ambulation (centre) 12.12+8.53 0+0 1.83£0.77 0.50+0.24 4.95+2.23 3.05+1.80
Climbing 34.23+23.13 0.39+0.40* 6.67+2.03 1.00£0.75* 14.89+4.28 2.24+1.66*#
Rearing 8.70+9.53# 0+0 0.33+0.37 0£0 0.54+0.59 00
Grooming 52.65+17.27 43.62+31.31 2.83+0.87 0.83+0.44* 21.84+8.32 4.22%2.32%#
IR + rat adipose MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 0.01+0.01 0.01+0.01 14.50+3.30 7.33+1.08* 69.48+14.09*$ 63.47+10.50*
Ambulation (centre) 7.27+5.68 00 1.00£0.40 0£0 2.99+£1.57* 0£0
Climbing 6.21%3.12 13.73£6.31 5.50+2.80 3.00£0.69 11.63£6.65 7.92+2.66
Rearing 11.84+8.21 0+0 0.67+0.46 0£0 1.17£0.82 0£0
Grooming 54.41+23.71 25.10%9.43 4.33+0.88# 2.00£0.69 29.14%13.40 31.30+18.22
IR + cell lysate from human Wharton’s jelly MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 1.55+1.70 0.52%0.36 16.83%£4.19 9.83+3.27 75.48+13.34*$ 69.36+6.36*
Ambulation (centre) 8.38+7.92 3.17+3.48 1.67+0.73 0.50+0.24 6.06%2.12 0.78+0.38
Climbing 20.73+14.87 8.79+7.17 9.00+3.49 3.33+2.44 20.95+7.94 6.50+4.23
Rearing 27.63+£19.87 0+0 0.50+0.37 00 0.74+0.57 00
Grooming 48.03+17.59* 53.74+29.40 3.00+1.33 1.83%£0.96 16.12+8.83 15.25+8.06*
IR + Citicoline
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 3.10+1.21 0+0 14.17+2.07 11.33£2.11 125.90+10.91# 79.66+16.34
Ambulation (centre) 3.03+3.32 11.36£10.25 2.50+0.68 0.83+0.44 9.68+2.34 1.42£0.70
Climbing 13.95+2.02 6.03+2.55* 8.33+2.01 5.83+1.40 14.52+4.24 10.91+2.48
Rearing 00 0+0 00 00 00 0%0
Grooming 47.40%7.58* 43.19+24.74 3.00+0.75 2.33+0.78 21.97+£7.34 19.28£7.67

Notes: * — p<0.05 compared to the sham-operated rats index; # — p <0.05 compared to the control pathology index;
$ — p<0.05 compared to the citicoline group index
Source: compiled by the authors

The analysis of rat behaviour in the open field test,
based on the “number of crossings” parameter, character-
ises the overall level of activation. As shown in Table 1, on
the 7 day after IR, in animals with control pathology, the
duration of ambulation episodes in peripheral and central
squares decreased on average by 35.8% and 56.3% respec-
tively (p < 0.05), compared to the sham-operated group.
Therapeutic correction of IR injury using embryonic fibro-
blasts and MSCs from rat adipose tissue, as well as MSCs
lysate, did not have a positive effect on the horizontal

motor activity of the experimental animals, as observed
in a significant decrease in the duration of episodes of hor
izontal locomotor activity on average by 24.4%, 39.7%, and
34.5%, respectively, compared to the sham-operated group.
The use of citicoline, as well as the transplantation of hu-
man umbilical cord Wharton’s jelly MSCs during the study
period, proved to be the most effective methods of treating
rats with IR brain injury when studying behavioural reac-
tions in the open field, as manifested in an increase in the
duration of episodes of horizontal locomotor activity on
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average by 70.0% and 54.1% (p < 0.05), respectively, com-
pared to the control.

On the 14 day of the experiment, there was a trend
towards a decrease in horizontal motor activity in the ex-
perimental groups of rats during open field testing com-
pared to the results obtained on the 7" day of observation
(Table 1). A decrease in horizontal locomotor activity with
crossings of peripheral squares was also observed in groups
of animals that received MSCs from human and rat adi-
pose tissue, as well as MSCs lysate, on average by 46.6%,
37.3%, and 31.5% respectively (p < 0.05), compared to the
sham-operated group.

Vertical motor activity indicates the exploratory behav-
iour of the animals. A greater number of stances suggests
a lower level of anxiety. Therefore, in the studied periods
of the experiment, in groups of rats with control patholo-
gy and with its correction, compared to the sham-operated
group, a tendency towards a decrease in vertical locomo-
tor activity and exploratory behaviour was observed. In
rats that received MSCs from human adipose tissue in the
context of IR, on the 14™ day of the experiment (Table 1),
wall rearing was significantly less frequent compared to
sham-operated animals and those with control pathology.

Emotional activity in the experimental animal groups
on the 14th day of observation (Table 1) led to a decrease
in the duration of grooming episodes by an average of 2-3
times compared to the sham-operated group. At the same
time, a significant increase in the number of grooming ep-
isodes was observed on the 7™ and 14" days of the experi-
ment in the group of animals that received rat embryonic
fibroblasts as a correction, on average 2.5 and 2 times, re-
spectively, as well as on the 7" day of observation in the
group of rats that were transplanted with MSCs from rat
adipose tissue in the context of IR, on average 2.6 times,
relative to the control pathology indicator. Acts of defeca-
tion and urination during the study in the open field condi-
tions were absent in animals of all groups.

The 20-minute model of IR ICAs induced functional
disturbances in the CNS of rats, manifested by a significant
decrease in the number of vertical stances, squares crossed,
and entries into the centre, indicating a suppression of loco-
motor and exploratory activity. There was also a tendency to-
wards a decrease in emotional activity, and reduced feelings
of anxiety and fear under stressful conditions, as represent-
ed by the open field test. The therapeutic use of citicoline
and human umbilical cord Wharton’s jelly MSCs in rats with
IR brain injury led to a significant increase in the duration of
episodes of spontaneous horizontal motor activity compared
to the group of animals with control pathology. The use of
rat embryonic fibroblasts as a therapeutic correction con-
tributed to an increase in the emotional activity of the ex-
perimental animals with ischemic-reperfusion brain injury.

DISCUSSION
There is no consensus in the literature regarding the mo-
tivations that determine rat behaviour in the open field.
Most authors believe that the factors determining this
behaviour are exploratory motivation and so-called emo-
tional reactivity [18]. The latter, in turn, is associated with
such brain structures as the limbic system and hippocam-
pus. For example, a study by Q. Lei et al. [19] using a mouse
model with permanent middle cerebral artery occlusion

found that transplantation of MSCs derived from the bone
marrow of knockout (SRC3 ") mice had a minimal impact
on reducing cognitive disorders, motor impairments, and
anxiety, as assessed by the Morris water maze test and
open field test. However, in another study conducted by
M.K. Tobin et al. [20], it was shown that intravenous ad-
ministration via the retro-orbital sinus of MSCs contrib-
uted to functional recovery in experimental animals with
a 90-minute occlusion of the right middle cerebral artery
according to the open field test.

Ischemia leads to progressive cerebral injury. Clinical-
ly, treating ischemic stroke remains challenging. Therefore,
an increasing number of researchers are focusing on find-
ing effective methods to reduce ischemic reperfusion injury
in cerebral ischemia. MSC transplantation may be effective
in slowing or stopping this process [21, 22]. Recent studies
have shown that MSC transplantation therapy has a posi-
tive impact on the course of cerebral ischemia [23, 24]. In
a study by J. He et al. [23], it was found that olfactory mu-
cosa MSCs during cerebral ischemia-reperfusion attenuate
apoptosis and oxidative stress in models of ischemic stroke,
reduce infarct volume, and improve neurological deficits in
rats. Many preclinical studies, as well as clinical trials, have
demonstrated the efficacy of MSC therapy in preclinical
stroke models and the safety of MSC treatment in clinical
trials [14, 20, 25]. Researchers L. Zhou et al. [24] determined
that MSC therapy is safe and effective for acute, subacute,
and chronic ischemic stroke. In the acute phase of ischem-
ic stroke in rats, MSC therapy enhanced neuronal plasticity
and functional recovery by protecting mitochondria, sup-
pressing neuronal pyroptosis and apoptosis, and reducing
microglia activation in the penumbra. In the subacute phase
of ischemic stroke, human umbilical cord MSC therapy ef-
fectively improved behavioural deficits, reduced infarct vol-
ume, and glial scar formation, and promoted angiogenesis
in the ischemic penumbra. In a chronic stroke model in rats,
transplantation of human umbilical cord MSCs maintained
blood-brain barrier integrity, improved behavioural respons-
es in animals, and promoted neurogenesis and angiogenesis.

In the study of Y. Chen et al. [14], it was noted that
sensory and motor functions were significantly improved
following the therapeutic application of human MSCs in
rats that had undergone ischemic stroke. Additionally, a
significant improvement in the recovery of behavioural re-
sponses and a reduction in infarct volume was observed in
the group of animals that received an intravenous injection
of 1x10°human MSCs per animal.

However, the extent of recovery following MSC treat-
ment is not fully understood. Most clinical trials using
stem cell therapy have applied this treatment to patients
with subacute stroke [25-27]. Other experiments have fo-
cused on patients with chronic stroke [28, 29]. For instance,
research by K.R. Nalamolu et al. [26] established that treat-
ment with MSCs derived from human umbilical cord blood
mitigates post-stroke brain damage and significantly im-
proves neurological recovery in both male and female rats
with induced stroke. In previous preclinical studies, sci-
entists have demonstrated better neurological recovery
after stroke in rats that received exosomes isolated from
MSCs, as manifested by a reduction in infarct size and ip-
silateral hemisphere swelling, preservation of neurological
function, and facilitated recovery of rats [27]. Based on the
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results obtained, the authors concluded that treatment
with exosomes secreted from MSCs, under appropriate ex-
perimental conditions, attenuates post-stroke brain dam-
age and improves neurological deficits. Y. Ogawa et al. [28,
29] found in their studies that intravenous transplantation
of bone marrow mononuclear cells was insufficient for the
treatment of chronic stroke, however, cell therapy-assisted
training was effective.

The results of the few clinical trials have been incon-
sistent, particularly the intravenous transplantation of
allogeneic adipose-derived MSCs (AMASCIS) for acute is-
chemic stroke (AMASCIS). E. de Celis-Ruiz et al. [30] con-
ducted a randomised, double-blind, placebo-controlled,
single-centre, pilot clinical trial that included elderly pa-
tients with moderate to severe acute stroke, as measured
by the National Institutes of Health Stroke Scale (NIHSS) of
8-20 points. A two-week course of MSC treatment did not
show significant differences in outcomes after 24 months
of follow-up (median NIHSS scores were not significantly
lower compared to the placebo group). For this reason, the
authors of this study decided to determine whether MSCs
of different origins and MSCs lysate could be beneficial for
treating acute ischemic stroke. To do this, rats were sub-
jected to 20 minutes of cerebral ischemia-reperfusion and
intravenously transplanted with the studied MSCs imme-
diately after reperfusion; the behavioural adaptation of the
rats was assessed using the open field test.

J. Zheng et al. [31] aimed to investigate whether mes-
enchymal stem cells (MSCs) could improve their survival
and alleviate cerebral ischemic injury in an ischemic mi-
croenvironment. The researchers used ischemic brain tis-
sue to culture MSCs and evaluated the functional changes
in rats after the administration of pre-treated MSCs with
brain tissue following stroke. It was established that trans-
plantation of MSCs promoted proliferation and the release
of growth factors, enhanced neurogenesis, reduced be-
havioural changes, decreased infarct size, and suppressed
apoptosis, representing an effective strategy for the treat-
ment of cerebral ischemic injury.

J.-R. Chen et al. [32] found that MSC transplantation
significantly improved behavioural deficits in rats associ-
ated with induced ischemia-reperfusion. Behavioural im-
provements in the performance of elevated body swing test
and forelimb stride length were achieved as early as 7 days
after MSC implantation. The authors observed a sustained
improvement in the elevated body swing test and stride
length during locomotion, but only a slight improvement at
one time point for the adhesive sensory stimulus-induced
test. According to the authors, this suggests that MSC trans-
plantation primarily improves motor functional recovery.

In the study by M.K. Tobin et al. [20], a significant im-
provement in functional recovery of the CNS was demon-
strated in experimental animals with ischemic stroke that
received treatment using interferon-y-activated mesen-
chymal stem cells (aMSCy). In animals that received aM-
SCy, a significant reduction in infarct size and inhibition
of microglial activation was observed. In another study,
conducted by Y.S. Fu et al. [33], it was shown that MSCs
derived from human umbilical cord Wharton’s jelly, when
transplanted into rats with middle cerebral artery occlu-
sion, had therapeutic benefits for chronic ischemic stroke.
The open field test enabled for the detection of changes

in adaptive behaviour and emotional reactivity in animals,
as well as disorders in locomotor stereotypy resulting from
ischaemic reperfusion injury to the brain in rats. It also as-
sessed the corrective effects of transplanting MSCs of vari-
ous origins, MSCs lysate, and the reference drug citicoline.
Thus, the analysed data are consistent with those of other
researchers; however, the results of this study demonstrat-
ed an increase in the duration of episodes of spontaneous
horizontal motor activity when using citicoline and MSCs
from human umbilical cord Wharton’s jelly. Intravenous
transplantation of rat embryonic fibroblasts promoted in-
creased emotional activity in experimental animals with IR
brain injury. The least impact on locomotor and explorato-
ry activity in rats with IR was recorded in groups of animals
that received MSCs from human and rat adipose tissue, as
well as MSCs lysate.

CONCLUSIONS

The results of the study revealed a positive therapeutic ef-
fect of MSCs of various origins, MSCs lysate, and the refer-
ence drug citicoline on the functional state of the CNS in
rats with experimental brain IR. An experimental study of
the effects of 20 minutes of brain ischemia-reperfusion on
the behaviour of rats in the open field test revealed a signif-
icant decrease in the duration of episodes of ambulation of
peripheral and central squares by an average of 35.8% and
56.3%, respectively, on day 7, and a tendency towards a de-
crease in vertical locomotor, exploratory and emotional ac-
tivity, a decrease in feelings of anxiety and fear, compared
to the sham-operated group of rats. The use of citicoline
and transplantation of MSCs from human umbilical cord
Wharton’s jelly proved to be the most effective treatment
methods, as evidenced by an increase in the duration of ep-
isodes of horizontal locomotor activity by 70.0% and 54.1%
(p < 0.05), respectively, compared to the group of animals
with control pathology. The least impact on locomotor and
exploratory activity in rats with ischemia-reperfusion was
recorded in groups of animals that received MSCs from hu-
man and rat adipose tissue, as well as MSCs lysate: a sig-
nificant decrease in horizontal locomotor activity with the
crossing of peripheral squares was observed on day 14 of
the experiment, which averaged 46.6%, 37.3%, 31.5%, re-
spectively, compared to the sham-operated group of rats.
The use of rat embryonic fibroblasts as a therapeutic cor-
rection promoted an increase in the emotional activity of
experimental animals with cerebral ischemia-reperfusion
injury with an increase in the number of grooming epi-
sodes by 2.5 times; when MSCs from rat adipose tissue
were administered — by 2.6 times, relative to the control
pathology indicator (p <0.05).

The data obtained from this research will be used to ex-
plore new avenues for treating brain ischemic reperfusion
injury. These results will provide experimental evidence
to justify clinical trials of an injectable drug based on the
most effective class of MSCs for a new application, namely
as a neuroprotectant in patients with ischemic stroke.
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AHoTauif. HoBuM HampsIMKOM KJIiTMHHOI Teparmii mpw inmeMiyHOMY iHCY/JbTi CTaJ0 BUKOPUCTAHHS Me3eHXiMaJbHUX
CTPOMANbHUX KITITUH, 1[0 BUSBUJIO TO3UTMUBHY AMHAMiKy Ha QYHKI[iOHAIbHI 3MiHM B IIeHTPaIbHili HEPBOBiil cucTeMi,
3aBISIKY iXHBOMY HEMPONPOTEKTOPHOMY e(deKTy, 3MEHIIEHHIO ileMiuHO-pernepdy3iiiHO-iHIYKOBAHOTO MOIIKOIKEHHS,
iHri6yBaHHO imemiuHO-penepdy3iifHO-iHIYKOBAHOTO aroNTo3y Ta BiZHOBAEHHIO pPyxoBoi GyHKUii. MeTa poboTu
MoJisirana y BUBUEHHI BIUVIMBY Me3eHXiMaJlbHUX CTPOMAIbHUX KIITUH Pi3HOTO MOXOIKEHHS, iX JIi3aTy Ta IUTUKOIIHY Ha
dyHKITioOHAIBHMIL CTaH LIeHTPATbHOI HEPBOBOI CMCTEMU IIYPiB 3 eKCIIepMMEHTAIbHOIO illleMi€elo-penepdy3sieio roI0BHOTO
MO3KY. PO3IVISIHYTO BIUTVB Me3eHXiMaTbHUX CTPOMAaIbHMX KITiTUH, OTPUMAaHMX i3 MTyTIOBMHHOI TKAHVHU JIIOJUHY, SKUPOBOI
TKaHVHY JIIOAVHY Ta 1ypa, eM6pioHambHMX Hi6po6IacTiB MIypa, a TAKOXK J1i3aTy Me3eHXiMaJbHUX CTPOMAIbHUX KITITUH
Ta UUTUKOJIIHY HAa CTaH eMOLIi/fHO-TIOBEeIiHKOBMX peaklliit ctaTeBo3pimux 1ypiB (3-4 mic) aiHii Bicrap i3 macorw Tina
160-190 . IoBeniHKOBI peakilii MypiB TOCTIAKYBaIM 32 TECTOM «BiIKpuUTe Toje» Ha 7-y Ta 14-y mo6y eKCIepuMeHTy;
peecTpyBay Taki MOBeIiHKOBI aKTH K aMOY/ISILiSI (JIOKOMOIIisT), KTIaMOiHT, pepiHr i rpymiHTr. [JocTOBipHiCTh BigMiHHOCTe
BM3Haua/lIM 3 BUKOPUCTAaHHSIM HenapaMeTrpuyHoro U kputepito MaHHa-YiTHi. BctaHoBeHo, o micis imemii-penepdysii
y TBapMH 3 KOHTPOJIbHOIO IATOJIOTI€I0, TPUBAMICTL emi30fAiB aMOy/siii mepudepiiiHux Ta LEHTpaIbHUX KBaAPATiB,
BepPTUKAIbHOI JIOKOMOTOPHOI aKTMBHOCTI Ta JOCIiJHUIIBKOI aKTUBHOCTI JOCTOBIPHO 3HVKYBA/INCh, TOPiBHSHO 3 TPYIIOI0
TICeBIO00TNIePOBAHMX LTYPiB. Y LIypiB, IKMM BBOAWIM LIUTUKOJIH i TPAHCIIJIAHTYBAIM Me3eHXiMaJlbHi CTpOMaibHi KIITUHU
BapToHOBMUX [parjiB IYIIOBUHM JIIOAVIHU, BUSBJIEHO AOCTOBipHE 30iJbIIIEHHS TPUBAIOCTi €Mi30fAiB TOPU3OHTAIbHOI
JIOKOMOTOPHOI aKTYMBHOCTI, TOPiBHSIHO 3 iHIIMMM TUTTaMM CTOBOYPOBUX KJTiTVH Ta KOHTPOJIeM. BHYTpilllHbOBEHHE BBEIEHHST
eM6pioHambHUX (Hi6GPO6IACTIB ITypa MiABUIITYBAIO eMOLiiiHY aKTUBHICTDb MigAOCTiZHMX TBapuH. HaliMeHIIit BIIMB Ha
JIOKOMOTOPHY Ta OPi€HTYBaJTbHO-IOCTITHUIIBKY aKTUBHOCTI y IIypiB 3 ilmemicio-pernepdysieio 6ya0 3apeecTpoBaHO B
rpyrax TBapyH, [0 OTPUMAaIV Me3eHXiMasIbHi CTPOMaJIbHI KJIITUHM i3 )KMPOBOi TKAHMHM JIIOOVMHM Ta 1ypa, & TAKOX Ji3aT
Me3eHXiMaJIbHUX CTPOMATbHUX KIiTHH. [[pakKTMYHA IIHHICTb JOCTiIKEHHS TOJISATA€ B MOIIYKY Ha6iNblI eheKTUBHOTO
3a HEPOIMPOTEKTOPHMMM BIACTUBOCTSIMM KJIaCcy CTOBOYPOBMX KJIiTMH 3 METOI CTBOPEHHSI Ha /10TO OCHOBI iH €KIIiiTHOTO
npernapary Ij1s1 BHyTPilTHbOBEHHOI TPaHCIIaHTallil P JIikyBaHHI XBOPUX i3 TOCTPUM illleMiUHUM iHCY/IbTOM

KntouoBi cnoea: cToBOYpOBi KIiTHHY; illleMisi-periepdysist; amanTuBHa MOBeIiHKa; eMOIliliHa aKTUBHICTb; TECT «BiIKpUTE
rose»
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