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CEREBROPROTECTIVE POTENTIAL OF TRANSPLANTATION
OF RAT EMBRYONIC FIBROBLASTS IN THE TREATMENT OF
EXPERIMENTAL ACUTE ISCHEMIC STROKE

Introduction. Currently, ischemic stroke is one of the most common
neurological diseases, characterized by high mortality and disability
rates. Stem cell-based therapies, particularly embryonic stem cells, is a
promising direction in the modern treatment of ischemic stroke.

Objective: To evaluate the cerebroprotective effect of rat embryonic
fibroblast transplantation in acute ischemic stroke.

Methods. The study was conducted on 74 Wistar rats using a model
of transient bilateral 20-minute ischemia-reperfusion by bilaterally
ligating the internal carotid arteries. The animals were divided into three
research groups: 1 — sham-operated animals, 2 — a control pathology
group (intravenous injection of 0.9% NaCl solution post-ischemia-
reperfusion), and 3 — a treatment group (intravenous transplantation of
rat embryonic fibroblasts at a dose of 10° cells per animal, suspended in
0.2 ml of physiological saline post-ischemia-reperfusion). The effects of
fibroblast transplantation were assessed based on mortality rates and
neurological deficit dynamics using the McGraw Stroke-index.
Hippocampal damage in the rats’ brains was evaluated
immunohistochemically using specific anti-NeuN antibody markers,
while DNA fragmentation in hippocampal neuron nuclei was measured
via flow cytometry.

Results. The obtained results showed that with subtotal cerebral
ischemia (bilateral occlusion of the internal carotid arteries) in rats, first
of all, significant neurodegenerative processes occur in the dentate gyrus
in the CAl area, and this leads to significant disturbances in the
neurological status of the experimental animals and their high lethality.
Therapy by intravenous transplantation of rat embryonic fibroblasts
significantly reduced mortality rates, improved neurological status, and
decreased neuroapoptosis in the hippocampus. Additionally, NeuN-
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positive neuron fluorescence intensity in the CA1 hippocampal region
increased more than twofold compared to the control pathology group.

Conclusions. Experimental therapy with intravenous transplantation
of rat embryonic fibroblasts preserved cytoarchitectonic integrity in the
pyramidal layer of the CAl hippocampal region and significantly
reduces the level of DNA fragmentation in hippocampal neuron nuclei.
These effects, along with decreased mortality rates and improved
neurological outcomes, highlight the neuroprotective potential of
embryonic fibroblasts in ischemic stroke. These findings indicate the
promising use of embryonic fibroblasts for neuroprotection in ischemic
stroke, which may provide a foundation for further research in this field.

Keywords: cerebral  ischemia,  hippocampus, stem  cells,
cerebroprotection, rats.
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LEPEBPOITPOTEKTOPHUI MOTEHIIAJ TPAHCILIAHTALIIT
EMBPIOHAJIBHUX ®IBPOBJIACTIB II[YPA IIPU TEPATIi
EKCIIEPUMEHTAJIBHOIO  T'OCTPOIrO  IIMIEMIYHOIO
IHCYJIbTY

Beryn. Ha cporomHimHid JIeHb OZHUM 13 HaWIOIIUPEHINIHX
HEBPOJIOTIYHUX 3aXBOPIOBAHb, 110 XapaKTEPU3YIOTHCS BUCOKHM PiBHEM
CMEpTHOCTI Ta iHBamiAmM3amii, € iMmeMidYHui iHCYIbT. [lepcreKTHBHUM
HANpSIMKOM CYYacHOTO JKyBaHHS IIIEMIYHOTO IiHCYIBTY € KIIITHHHA
Teparlisi CTOBOYpOBUMH KIIITHHAMH, 30KpeMa eMOpioHaTbHIMH.

Meta: OIHHTH [epeOPONPOTEKTOPHUNA e(EeKT TpaHCIUIAHTALI]
eMOpioHanpHUX (iOpoOIACTIB IIypa NHpU TOCTPOMY ilIEMIYHOMY
IHCYJIBTI.

Metomn. JlocmimkeHHs npoBeaeHO Ha 74 miypax Jjinii Bicrap i3
BUKOPUCTAHHSAM MOJENI TepexiqHoi aBo6iunol 20-XBHJIMHHOL immemii-
penepdysii nuIIxoM OiaTepasbHOro HAKIaJaHHs JIraTyp Ha BHYTPILIHI
coHHi aprtepii. TBapuH Oyno po3moAiIeHO Ha 3 eKCIIePUMEHTAIbHI
rpynu: 1 — TCeBIOONEpOBaHi TBapUHM, 2 — KOHTPOJBHA MATOJOTISA
(BHyTpimmHboBeHHe BBeZeHHS 0,9 % poszumny NaCl micns imewmii-
penepdysii) i 3 — rpyma, mo orpuMana IJiKyBaHHA (TTicis imremii-
penepdys3ii TPAaHCIUIAHTYBaJIH  eMOpiOHAIBHI
¢i6po6ractu urypa B 1031 10° kinitun/Teapuny cycnennoBanux B 0,2 Mt
¢izionoriyHoro po3uuHy). IIpoBeseHO OILHKY BIUIMBY TpaHCILIaHTALii
eMOpioHanbHUX (iOpoONacTiB  Hlypa Ha pIiBeHb JIETaJbHOCTI Ta

BHYTPIIIHLOBEHHO

JUHAMIKY HEBpOJIOTiYHOro AedimuTy B IIypiB, SKAH BU3HAYAIH 32
mkanoro Stroke-index McGraw. TlomKkomkeHHS TimOKamIia TOJIOBHOTO
MO3Ky B IIypiB OI[IHIOBAJIU IMYHOTICTOXIMIYHO 3 BHKOPHCTAaHHIM
cnenudiyaux MapkepiB aHTuTin anti-NeuN, a piBeHb (parmenrauii
JHK B simpax HeHpoHIB Tinokammna IypiB i3 BUKOPHCTAHHSIM METO.Y
MPOTOYHOT IUTOMETPIi.
Pesyabratn. Otpumani
cyOToTanbsHil nepedpaipHil imemii (OimaTepanbHa OKITI03iS BHYTPIIIHIX
COHHHX apTepiil) y mIypiB, MepIn 3a BCe, 3HAYHI HEHpPOJeTeHEPATHBHI
MPOIIECH BHUHUKAIOTh y 3yOuacTiii 3BuBmHI B pmimgami CAl 1 1e

pe3yabTaT I10Ka3aJu, 11 (0] npu

MPU3BOANTH 1O 3HAYHWUX TMOPYIIEHh Y HEBPOJOTIYHOMY CTaTyCi
MiJIOCTIIHAX TBapWH 1 BeNMHWKOi iX JetambHOCTI. Tepamis muisixom
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BHYTPIIIHLOBEHHOI TpaHCIUIaHTaLil eMOpioHanbHUX (iOpoOIacTiB IIypa
CIIpHsiJia JTOCTOBIPHOMY 3HWKCHHIO PIiBHS CMEpPTHOCTI, TOKPAIICHHIO
HEBPOJIOTIYHOTO CTATyCy Ta 3MEHIIEHHIO HEHPOarmonTo3y B TilOKaMImi
IIypiB 3 imeMiero-penepdysi€to, a TaKOXK JEeMOHCTpyBaia 301bIICHHS
inTeHcuBHOCTI (hayopecuentiii NeuN-no3uTuBHHX HelpoHiB y CAl
IUISHII TioKaMmma B cepeaHboMy OinbIe HiXK y 2 pas3u, B IOPiBHAHHI 3
TPYTIOI0 TBAPHH 13 KOHTPOJIEHOIO MATOJIOTIERO.

BucnoBkn. ExcnepumeHranpHa Tepamis 3 BHYTPILIHHOBEHHOIO
TpaHCIUIaHTalli€el0  eMOpioHambHHUX  (iOpoOmacTiB  mypa  crpuse
30epe)KEHHIO LUTOAPXITEKTOHIKM B mipamigHomy miapi CAl nunsHku
rimokammia, 3Ha4yHO 3MeHIIye piBeHb ¢parmenranii JJHK B spax
HEHPOHIB TilTOKaMIIa, IO MOPS 13 3HWKESHHSIM MOKa3HHUKA JIETAIEHOCTI,
CTBOPIOE TIO3UTUBHY AWHAMIKY 3MiH Y HEBPOJIOTIYHOMY CTaTyCi TBapHH
i3 1epedparpHOI0 i pesympTath BKa3yIOThH
MEPCIEKTHBHICT 3aCTOCYBaHHSI eMOpioHampbHHX (iOpobmacTiB s
HEHPOTIPOTEKIi]l MpH iMEeMIYHOMY IHCYJIBTI, IO MOXE CTaTH OCHOBOIO

1IIeMi€ro. Ha

JUTS IOJAITBIINAX TOCIIKECHb Y IbOMY HAIPSIMKY.

KarouoBi cioBa: nepebpanbHa imiemisi, Timokamm, CTOBOYpOBI

KJIITHHH, LIepeOPONPOTEKIIis, IIyPH.
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ABBREVIATIONS

DNA - deoxyribonucleic acid; RNA — ribonucleic acids; IR — ischemia-reperfusion; AU — arbitrary units; CNS —

central nervous system

INTRODUCTION

Ischemic stroke is one of the major neurological
diseases with high disability and mortality rate [1]. The
development of ischemic brain injury involves a
cascade of complex pathological processes that lead to
reduced oxygen and nutrient supply to the brain,
causing an energy deficit in neurons, followed by
oxidative stress, inflammation, and apoptosis. However,
current approaches to the treatment of ischemic stroke
are based on thrombolysis,
thrombectomy, and neuroprotection, but only a limited
number of patients have the opportunity to receive these
urgent procedures [2-4]. Therefore, the development of
new methods in the treatment of ischemic stroke is

intravenous surgical

considered a pressing issue in modern medicine.

In recent years, a new therapeutic strategy using
stem cells has gained attention in stroke treatment [5].
Current approaches to cell therapy for stroke are mostly
limited to the transplantation of autologous bone
marrow or adipose-derived stem cells. Embryonic stem
cells demonstrate the ability to differentiate into various
types of somatic cells, in particular into certain neuronal
lineages, which may serve as a new cell source for cell
therapy of degenerative nervous system diseases [6].
Additionally, they secrete

extracellular  vesicles

containing DNA, RNA, and proteins [7]. The
neuroprotective and neuroregenerative potential of stem
cells in ischemic stroke is characterized by
neurogenesis, angiogenesis, and synaptic plasticity,
which positively affects functional recovery following
cerebral ischemia and ischemic-reperfusion injuries [8].
However, according to experimental studies conducted
to date, transplantation of stem cells in ischemic stroke
still raises unresolved questions regarding its efficacy
depending on cytological origin, optimal delivery
routes, dosage, timing of administration after stroke
onset, and transplantation frequency.

The aim of this study is to investigate the
cerebroprotective effect of transplantation of rat
embryonic fibroblasts on hippocampal
neurological deficit dynamics and lethality in rats with
acute ischemic stroke.

MATERIALS AND METHODS

The study was carried out on 74 sexually mature
Wistar rats with a body weight of 160-190 g, bred in the
vivarium of the National Pirogov Memorial Medical
University, Vinnytsya (NPMMU). The experimental
animals housed under standard vivarium
conditions, maintaining a 12-hour light/dark cycle, a
temperature range of 20-26°C, and a relative humidity

neurons,

were
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of 40-70%, with unrestricted access to food and water.
All procedures adhered to ethical standards and
regulatory requirements for the humane treatment of
laboratory animals [9, 10].

The research protocol received approval from the
Bioethics Committee of NPMMU (protocol No. 2, dated
January 31, 2024). Rat embryonic fibroblasts were
provided by the Institute of Molecular Biology and
Genetics (IMBG) of the National Academy of Sciences
of Ukraine (NAS) under a Scientific Cooperation

Group 1 n=14
Group 2 n=40
Group 3 n=20

Figure 1 — Distribution of rats in the experiment

Immediately after IR, a single intravenous
transplantation of rat embryonic fibroblasts
performed at a dose of 10° cells per animal, suspended
in 0.2 ml of saline, as early transplantation had a better
cerebroprotective effect and required fewer donor stem
cells (1 x 10%) [11, 12]. The effect of rat embryonic
fibroblast transplantation on rat survival in a model of
acute cerebral IR was assessed. On the 7th (subacute
period of ischemia) and 14th (recovery period) days
after the performed IR, the dynamics of neurological
deficit in rats was determined using the Stroke-index
McGraw scale. The experimental animals
euthanized from the experiment by humane decapitation
using pentobarbital anesthesia (“Penbital”, Bioveta a.s.,
Czech Republic, 100 mg/kg) [13]. The rats’ brains were

extracted and DNA fragmentation levels in the nuclei of

was

were

rat hippocampal neurons was determined using the flow
cytometry with a “Partec PAS” flow cytometer (Partec,
Germany). A total of 20,000 events were assessed for
each nuclear suspension sample. DNA fragmentation
was analyzed via flow cytometry using FloMax
software (Partec, Germany) by detecting Sub-Gl
regions in DNA histograms. In order to carry out
histoimmunochemical and morphological studies, in the
corresponding observation periods (7th and 14th days
post-IR), the rats’ brains were fixed with 4%
formaldehyde solution for 24 hours. After fixation, the
brain was rinsed under running water, processed
through ascending concentration of alcohols and
xylenes, and embedded in Paraplast Plus© (Leica
Scientific (McCormick©), USA) following standard

Agreement between IMBG of the NAS and the
NPMMU  dated September 22, 2017. The
cerebroprotective properties of rat embryonic fibroblasts
were studied using a model of transient bilateral 20-
minute ischemia-reperfusion (IR) by bilaterally ligating
the internal carotid arteries (ICAs) under propofol
anesthesia ~ (Propofol-Novo, @ LLC  “NovoFarm-
Biosynthesis”, Ukraine, 60 mg/kg). The distribution of
rats into experimental groups is shown in Figure 1.

sham-operated rats + 0,9 % solution NaCl at a dose 2 ml/kg

IR + 0,9 % solution NaCl at a dose 2 ml/kg

IR + rat embryonic fibroblasts at a dose 10° cell/animal

histological procedures. Sections with a thickness of 5
um were prepared using a YD-315 rotary microtome
(Nanbei, China).

Before conducting immunohistochemical analysis,
paraffin-embedded brain sections from experimental
animals were first deparaffinized using xylene, followed
by rinsing in a 0.1 M phosphate buffer (PB) solution. In
addition, for brains that had been fixed in formaldehyde
but not embedded in paraffin, 40-pum-thick coronal
sections were prepared using a VT1000A vibrotome
(Leica, Germany). Both paraffin and vibratome sections
were incubated in a blocking solution composed of 0.1
M PB (pH 7.4), 0.5% bovine serum albumin, and 0.3%
Triton X-100. Primary antibody incubation was
performed at 4°C for 48 hours, followed by
visualization using secondary antibodies conjugated
with Alexa Fluor® 488, 594, or 647 fluorescent dyes
(dilution 1:1000, Invitrogen, USA). After staining, the
sections were mounted using Immu-MOUNT medium
(Thermo Scientific, USA).

The labeled brain sections were analyzed under a
FV1000-BX61WI confocal laser scanning microscope
(Olympus, Japan) equipped with multiple laser lines,
including a 543-nm helium-neon (HeNeG) laser for
green fluorescence, a 633-nm helium-neon (HeNeR)
laser for red fluorescence, and a multi-line argon laser
emitting at 458, 488, and 515 nm.

For detecting the Mouse anti-NeuN (NEUronal
Nuclei) marker (clone A60, Sigma-Aldrich, St. Louis,
MO, USA; Cat. No. MAB377), sections from the CA1
hippocampal region were analyzed using the same
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magnification, exposure time, and laser settings to
ensure consistency. The acquired images were used to
assess the fluorescence intensity of the marker, with five
sections per animal being evaluated. The fluorescence
signal’s intensity and spatial distribution were
quantified by automatically measuring the average gray
value within the defined threshold. The results were
expressed as the integrated fluorescence density in
arbitrary units (AU), calculated by multiplying the
fluorescence intensity by the fluorescence-positive area,
excluding any background fluorescence signal.
Statistical processing of the study results was carried
out using the Statistica 7.0 software (StatSoft Inc.,

USA). Statistical analysis was performed using

30

Number of animals
—
19,

w

Hours

Notes:

* * * *
25
20 *
*
*
Te
10
*
* * * *# *# *# *# *#
. 1
1 2 4 8 12 24 48 72 96

nonparametric
Differences

(Mann-Whitney  U-test)  statistics.
in mean values of indicators between
comparison groups considered statistically
significant at p<0.05.

RESULTS

In the group of sham-operated rats, in which ICAs
preparation was performed under propofol anesthesia
and ligatures were applied without further vessel
ligation, no lethal cases were recorded throughout the
entire follow-up period (96 hours).

Intravenous injection of 0.9% NaCl solution to rats
with modeled IR (control pathology) after ICA ligation
led to a progressive rise in mortality rates (Fig. 2).

were

Sham-operated

B Ischaemia-reperfusion
(IR) (control
pathology)

B IR + rat embryonic
fibroblasts

* - p<0.05 relative to the indicator of sham-operated rats;
# - p<0.05 relative to the indicator of control pathology

Figure 2 — Dynamics of the mortality rate in animals with induced IR and against the background of intravenous

transplantation of rat embryonic fibroblasts

The first fatal cases of rats with induced IR were
observed within the first hour post-injury. Over the next
24 hours of follow-up, the lethality of rats with acute
ischemic stroke against the background under
intravenous injection of 0.9% NaCl solution increased
sharply and reached 65%. This negative mortality
dynamics in rats with induced IR during the early hours
of acute cerebral ischemia indicates the intensification
of the biochemical cascade processes in brain neurons
and the formation of an ischemic focus. Subsequently,
over the next 3 days of the experiment, no further
fatalities were recorded in this group of experimental
animals.

Experimental therapy of rats with acute ischemic
stroke by intravenous transplantation of rat embryonic
fibroblasts provided brain protection throughout the
entire follow-up period. Specifically, within the first
hour, the mortality was 10%, during the second hour —
20%, and remained unchanged during the following

experimental periods, being significantly lower
compared to control pathology group.
An integral indicator for assessing the

cerebroprotective effect of rat embryonic fibroblasts on
the brain in IR-injured rats, alongside a reduction in
mortality rates, is the positive progression of
neurological status changes (Fig. 3).
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14
12

10

*
T
*#
:
6 "4
5
4
2
0

onthe 7th  onthe 14th
day day

Sham-operated

B [schaemia-reperfusion
(IR) (control
pathology)

® IR + rat embryonic
fibroblasts

Number of points according to the McGraw Stroke-index scale

Notes:
* - p<0.05 relative to the indicator of sham-operated rats:
# - p<0.05 relative to the indicator of control pathology

Figure 3 — The dynamics of neurological deficit in
rats according to the Stroke-index McGraw scale with
modeled IR and against the background of intravenous
transplantation of rat embryonic fibroblasts

The study found that modeled IR in rats caused severe
neurological changes, including paralysis, paresis, ptosis
(Fig. 3). Thus, by day 7 of follow-up, in the untreated IR
group, the average score on the C. P. McGraw scale was
11.8 £ 0.48 points, corresponding to a severe degree of
neurological deficit. Observations on day 14 showed that
this group did not exhibit complete recovery of lost CNS
functions, with an average score of 9.1 + 0.30 points on
the Stroke-index McGraw scale. However, intravenous
transplantation of rat embryonic fibroblasts significantly
reduced neurological deficits in the subacute period to an
average of 7.7 £ 0.28 points (p < 0.05) and in the
recovery period to an average of 5.1 + 0.19 points (p <
0.05), compared to control pathology group.

During the immunohistochemical examination
utilizing neuronal markers (anti-NeuN antibodies), it
was found that the frontal sections of sham-operated
animals exhibited NeuN-positive pyramidal neurons in
the hippocampus with strong fluorescence. These
neurons were arranged in a compact layer within the
stratum pyramidale, comprising 3 to 5 neuronal layers.

Assessment of the cytoarchitectonic structure of the
rat brain following IR through immunohistochemical
analysis demonstrated that the CA1 hippocampal region

was particularly susceptible to ischemic-reperfusion
injury. By the 7th and 14th days post-IR, a marked
reduction in fluorescence intensity of NeuN-positive
neurons in the CA1 hippocampal region was observed.

Most NeuN-positive neurons in the pyramidal layer
of the CAl region exhibited markedly reduced
fluorescence intensity than in the group of sham-
operated animals. The number of intact NeuN-positive
pyramidal cells demonstrating maximal fluorescent
staining was minimal.

On days 7 and 14 after IR, therapeutic
transplantation of rat embryonic fibroblasts enhanced
the fluorescence intensity of NeuN-positive neurons
compared to group 2 (IR), but it did not reach the levels
observed in the sham-operated group 1 (Fig. 4).

*.
*# #
*
*
| I I
0

onthe 7th  on the 14th
day day

N
w

Sham-operated

[~}
o

oy
w

® Ischaemia-reperfusion
(IR) (control
pathology)

Integrated fluorescence density

=
o

m IR +rat embryonic
fibroblasts

Notes:
* - p<0.05 relative to the indicator of sham-operated rats;
# - p<0.05 relative to the indicator of control pathology

Figure 4 — Integral density of fluorescence of NeuN-
positive neurons on frontal sections of the CAl
hippocampal X-axis

experimental groups (1-3) on days 7 and 14 following IR

region. The represents  the

The statistical evaluation of NeuN-positive neuron
fluorescence intensity revealed that IR led to a reduction
in fluorescence by a factor of 4.2 on day 7 and 3.2 on
day 14 compared to group 1 (sham-operated animals),
with values of 6.86x10°£0.96 AU and 8.67x10°+£0.82
AU, respectively (Fig. 5). Experimental treatment with
intravenous transplantation of rat embryonic fibroblasts
resulted in a statistically significant enhancement of
fluorescence intensity compared to group 2 (IR group).
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Specifically, in this experimental group, the integral
fluorescence density of NeuN-positive neurons reached
16.21x10%+1.50 AU (day 7) and 17.36x10%t1.18 AU
(day 14), but it did not reach the values registered in the
sham-operated rat group: 28.79x10°+2.17 AU (day 7)
and 27.84x10%1.64 AU (day 14) (Fig. 4).

Earlier research [14] demonstrated that intravenous
transplantation of rat embryonic fibroblasts stimulates
hippocampal neuron protection and attenuates
destructive changes, which allows to reduce the
secondary ischemic focus. A key indicator of
neuroapoptosis  is DNA fragmentation.
Therefore, in conditions of post-reperfusion cerebral
ischemia using the IR model, it was relevant to
characterize the influence of transplantation of rat
embryonic fibroblasts on neuroapoptotic changes in the
rat hippocampus. Flow cytometry, a widely recognized
method for assessing neuronal DNA fragmentation, was
utilized for this purpose. The findings indicated that in
the untreated pathology control group (IR without
intervention), the level of DNA fragmentation in

nuclear

hippocampal neuron nuclei significantly increased 4.9
times on day 7 after the modeling of cerebral IR

(Fig. 5).

20
*
18 T
16
14 Sham-operated
g
S 12
]
g 10
E .
3 B Ischaemia-
2 8 reperfusion (IR)
5 (control
# pathology)
a4
= m IR + rat
2 embryonic
fibroblasts

SUB-GOG1 %

Notes:
* - p<0.05 relative to the indicator of sham-operated
rats;
# - p<0.05 relative to the indicator of control pathology

Figure 5 — Dynamics of nuclear DNA fragmentation
of hippocampal neurons in rats with cerebral IR and
under therapeutic transplantation of rat embryonic

fibroblasts

This may indicate an intense formation process of
the ischemic focus due to neurons undergoing necrosis
and those in the ischemic penumbra, where neurons are
in a state of apoptotic death. Experimental therapy with
intravenous transplantation of rat embryonic fibroblasts
in animals with modeled IR significantly reduced DNA
fragmentation in hippocampal neuron nuclei to an
average of 3.63+0.56%, compared to the control
pathology group of rats — 17.35£1.97% (p < 0.05) and
almost reached the DNA fragmentation level in sham-
operated animals — 3.52+0.14% (Fig. 5). Thus, the
suppression of the intensity of neuroapoptosis in the
hippocampus of rats under the influence of rat
embryonic fibroblasts indicates a decrease in the
ischemia focus due to the preservation of
morphologically neurons in the ischemic
penumbra zone. This effect is one of the leading
mechanisms of the cerebroprotective action of rat
embryonic fibroblasts in post-reperfusion brain injury.

DISCUSSION

Numerous studies on animal models and a limited

intact

number of clinical trials have been devoted to assess the
therapeutic effect types,
particularly embryonic stem cells, as a treatment option
for ischemic-reperfusion brain injury [15]. Stem cell
therapy of cerebral ischemia is a promising strategy due
to their neuroprotective and regenerative potential [16].
However, the mechanisms by which transplanted stem
cells exert their influence the brain with ischemic-
reperfusion injury remain unknown and require further
investigation. Embryonic stem cells are regarded as an

of wvarious stem cells

optimal candidate for cell-based therapy in treating
neurodegenerative conditions. Thus, in this study, it was
established that intravenous transplantation of rat
embryonic fibroblasts provided brain protection in rats
with modeled IR throughout the entire study period,
particularly, increasing the survival rates with a
reduction in the dynamics of neurological disorders in
experimental animals compared to rats subjected IR
without specific treatment. Morphological study [14]
and immunohistochemical analysis confirmed that the
CAl hippocampal region was most vulnerable to
ischemic-reperfusion injury. During the studied
observation periods following IR, the fluorescence
intensity of NeuN-positive neurons in the CAl
hippocampal region significantly decreased by 4.2 (on
day 7) and 3.2 times (on day 14) compared to the group
of sham-operated rats. Findings from the study by N.
Yavari et al. (2022) [17] and the experiment by R.
Montoya-Garcia et al. (2023) [18] indicated that
hippocampal neurons exhibit a distinct susceptibility to
ischemia, particularly in the context of impaired
cerebral circulation, compared to other brain cell types.
In instances of global cerebral ischemia (occlusion of a
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major artery, cardiac arrest, etc.) or under conditions of
severe hypoglycemia, significant neurodegenerative
processes primarily affect the dentate gyrus in the CAl
hippocampal region.

Therapeutic transplantation of rat
embryonic fibroblasts demonstrated a statistically
significant increase in the intensity of fluorescence of
NeuN-positive neurons in the CA1 hippocampal region,
more than doubling in comparison to the IR group that
did not receive treatment. These results suggest that rat
embryonic  fibroblasts  possess  neuroprotective
properties and can protect hippocampal neurons from
ischemic-reperfusion injury.

The next stage of our study established that after 20-
minute cerebral ischemia followed by reperfusion, the
intensity of neuronal death in the hippocampus of rats
increased sharply. It is well-established that acute
disturbances in cerebral circulation lead to the formation
of an ischemic focus, characterized by destructive-
degenerative alterations in neural tissue architecture.
This process results in the development of an infarct

intravenous

core, where cells undergo rapid necrosis, and a
surrounding penumbra, where cells experience milder
ischemia and remain viable for a limited period, albeit
with impaired functionality [19]. In the ischemic core, a
rapid decline in blood flow occurs within minutes of an
ischemic event, leading to irreversible damage and
necrotic cell death affecting neurons, glial cells, and
endothelial cells. At the same time, the penumbral zone
undergoes a more gradual process, which may extend
over hours or days, culminating in cell death primarily

PROSPECTS FOR FUTURE RESEARCH

through apoptosis [20]. One key indicator of
neuroapoptosis is nuclear DNA fragmentation, which
we assessed using flow cytometry. Thus, on day 7 after
the modeled IR, the intensity of DNA fragmentation in
hippocampal neuron nuclei in the control pathology
group of rats increased by 4.9 times. Therapeutic
intravenous transplantation of rat embryonic fibroblasts
significantly decreased the level of DNA fragmentation
in the nuclei of rat hippocampal neurons by an average
of 4.8 times. The reduction in neuroapoptosis intensity
in the rat hippocampus after intravenous transplantation
of rat embryonic fibroblasts indicates the prevention of
destructive-degenerative changes in the cytoarchitecture
of nervous tissue. This serves as further evidence of the
cerebroprotective effect of rat embryonic fibroblasts in
acute ischemic stroke therapy.

CONCLUSIONS

A 20-minute bilateral reversible occlusion of the ICAs
was accompanied by destructive-degenerative changes in
the cytoarchitectonics of the rat hippocampus, leading to
subsequent neuronal death due to necrosis and apoptosis,
as well as severe neurological disorders, ultimately
resulting mortality. Cell therapy with
intravenous transplantation of rat embryonic fibroblasts
was effective in protecting the nervous tissue of the rat
hippocampus ischemic-reperfusion
evidenced by flow cytometry and immunohistochemical
analysis. The use of rat embryonic fibroblasts for
therapeutic purposes in a modeled IR led to the
normalization of the neurological status of the
experimental animals and contributed to their survival.

in animal

from injury, as

Given the experimental effectiveness of embryonic stem cells in the therapy of cerebral ischemia, transplantation of
these cells (perhaps in combination with other stem cells) may be utilized in future clinical programs for the ischemic

stroke treatment.
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