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ABSTRACT

Patients with intracerebral hemorrhage have frequent complications and high mortality. There are currently no effective treatments for this
disease. We investigated the effect of the use of cryopreserved aggregates of neural cells in combination with fetal liver stromal cells on the
reduction of rat brain injury after intracerebral hemorrhage.

METHODS. Intracerebral hemorrhage (ICH) was modeled in rats by stereotactic administration of 0.2 U of collagenase type IV into the striatum.
Neural cells were obtained from brain and stromal cells (SCs) — from the liver of rat fetuses of 15 dpc. The suspension of neural cell aggregates
(NCAs) alone or in combination with fetal liver stromal cells was injected into the lateral ventricle.

The level of lipid peroxidation was determined by the thiobarbituric acid test. The degree of brain cells injury after ICH was determined by the
activity of lactate dehydrogenase in blood serum. To assess the intensity of adverse factors and the regenerative potential of different variants
of cell therapy, the area of the lost striatum in the rat brain and the average distance from the border of the lesion to the nearest neurons were
determined.

RESULTS. Combined transplantation of NCAs with fetal liver SCs in rats with ICH was found to reduce malonic dialdehyde concentration
and lactate dehydrogenase activity more effectively than NCAs alone, indicating inhibition of lipid peroxidation and reduction of cell injury
after intracerebral hemorrhage as a result of the addition of SCs. There was shown a significant decrease in the area of lost striatum in both
experimental groups. The single administration of NCAs reduced the distance from the lesion border to the nearest neurons the most, indicating
the best conditions for survival and/or regeneration of neurons close to the lesion compared to controls.

CONCLUSIONS. Administration of NCAs, both alone and in combination with fetal liver SCs, reduces the intensity of oxidative stress, preserves
the intact striatum tissue, and increases the number of neurons near the brain lesion in intracerebral hemorrhage in rats. The co-transplantation
of fetal liver SCs helps to inhibit lipid peroxidation more effectively.
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Intracerebral hemorrhage (ICH), which causes approximately 15 % of At the same time, the hematoma is the cause of secondary brain injury.

all strokes, is accompanied by severe complications and high mortality.
Despite some advances in treatment, there has been very little progress in
preventing long-term complications of this disease. Only 46 % of patients
with ICH survive more than one year and 29 % live more than 5 years
[1]. Surviving patients suffer from severe and prolonged neurological
dysfunction. In the early period of ICH, the main traumatic factor is the
compression of the brain tissue due to the expansion of the hematoma.
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Therefore, it is necessary to develop new approaches to treatment, which
are aimed at reducing edema and inflammation and lead to improved
health, faster rehabilitation of patients and are associated with effective
prevention of complications after ICH.

One of such approaches may be cell therapy using neural progenitor
cells, which can differentiate into neurons, glial cells and produce growth
factors [2, 3]. In this case, as shown by our previous studies [4], due



to the greater survival of cells, the administration of neural cells (NCs)
in the aggregates was more effective than the infusion of these cells in
the suspension. Their co-transplantation with multipotent mesenchymal
stromal cells, which have the ability to suppress the immune response
and protect against excessive inflammatory reactions, can also increase
the NCs effectiveness [2,5].

The PURPOSE of the study was to determine the effectiveness of
cryopreserved neural cells in aggregates (NCAs) and combinations of
NCAs with fetal liver stromal cells (SCs) after modeling intracerebral
hemorrhage in rats.

MATERIALS AND METHODS

The experiments were performed in accordance with the Law of
Ukraine “On Protection of Animals from Cruelty” (Ne 3447-1V) in compli-
ance with the requirements of the Bioethics Committee of the Institute of
Cryobiology and Cryomedicine of NAS of Ukraine (Kharkiv), consistent
with the European Convention on protection of vertebrates used for ex-
perimental and other scientific purposes (Strasbourg, 1986).

The experiments were performed on 30 white outbred male rats
11-13 months old weighing 250-400 g. All animals underwent ICH
modeling and were divided into 4 groups: 1 — control group 1 (n =7) —
no administration of any substances after surgery; 2 — control group 2
(n =9) — the injection of 30 yL of DMEM/F12 medium (Sigma, USA) into
the lateral ventricle; 3 — group “NCAS” (n = 7) — the administration of NCAs
suspension containing approximately 1,5¢106 cells in 30 pL of DMEM/F12
medium; 4 — group “NCAs/SCs” (n = 7) — the injection of cell suspension
containing 1,5-10° neural cells in the aggregates and 1108 fetal liver SCs
in 45 pL of DMEM/F12 medium.

ICH modeling was performed under general anesthesia by intraperi-
toneal injection of Propofol 15 mg/kg (Daewon Pharmaceutical Co. Ltd.,
Korea/Switzerland) and Xylazine 5 mg/kg (Biowet, Poland). Rats were
injected with 0.2 U collagenase type IV (Sigma-Aldrich, USA) in 1 pL of
saline into the striatum through a needle with a diameter of 0.47 mm by
stereotaxic surgery. Stereotaxic coordinates of collagenase administra-
tion: anteroposterior — 0.2 mm in front of the bregma, mediolateral — 3.0
mm on the left of the bregma, depth — 6 mm. 5 minutes after injection, the
needle was removed and the wound was sutured [6]. The next day after
ICH modeling, 30 pL of DMEM/F12 medium (Sigma, USA) without cells in
group 2 or with cells in groups 3 and 4 was injected into the lateral ventricle
of the brain. Stereotactic coordinates: anteroposterior — 0.9 mm behind

Fig. 1. Micrograph of neural cells aggregates from the brain of 15 dpc
rat fetuses, formed after 3 hours of cultivation. Light microscopy;
scale bar — 100 pm.
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the bregma, mediolateral — 1.4 mm to the right of the bregma, depth —
3.4 mm. The calculation of the required number of transplanted cells was
performed on the basis of previous studies [2, 7, 8]. The difference in
the volume of suspensions administered to the rats of the experimental
groups is explained by the additional number of fetal liver SCs in group 4.

Neural cells were isolated from the brain of rat fetuses of 15-16 dpc
by vibration [9]. 4 pregnant female rats were used. The number of fe-
tuses per female was 8-9. In order to avoid the effect of anesthetics on
the results of the experiment, euthanasia was performed by decapitation.
To form aggregates, freshly obtained NCs were cultured for 3 hours in
24-well plates at a concentration of 2+10° cells/mL in DMEM/F12 medi-
um supplemented with 10 % serum of adult rats [10]. The medium was
not replaced. At the same time, about 75 % of cells formed aggregates
[11], with a diameter of 50 to 200 pm (Fig. 1). Thus, the suspension of
NCAs after 5 min of centrifugation at 100 xg contained approximately
54107 cells/mL (1,5+108 cells/30 pL).

Stromal cells were obtained from the liver of rat fetuses of 15-16
dpc. The liver was isolated, placed in 0.25 % trypsin solution (Sigma,
USA), incubated for 3 minutes at 37 °C and then transferred to DMEM/
F12 medium supplemented with fetal bovine serum 10 % (FBS, Sigma,
Germany) and disaggregated into single cells suspension by vibration
[12]. The resulting cell suspension was filtered through a nylon filter
with a pore diameter of 15 pm and washed from trypsin by centrifugation
(5 min at 100xg). The cell pellet was suspended in DMEM/F12 medium
containing 0.6 % glucose, 2 mM glutamine, 100 U/mL penicillin and
100 pg/mL streptomycin supplemented with 10 % FBS. The viability and
number of cells were counted in a Goryaev's chamber. The cells were
seeded at a concentration of 5¢10° cells/mL and cultured in DMEM/F12
medium enriched with 0.6 % glucose, 2 mM glutamine, 100 U/mL penicil-
lin and 100 pg/mL streptomycin supplemented with 10 % FBS. Cultiva-
tion was performed in a CO, incubator (37 °C, 5 % CQ,, 80 % humidity)
replacing the nutrient medium every 3 days. When the monolayer reached
80 % confluency, the cells were detached using a mixture of 0.25 % tryp-
sin solution with Versene solution (1:1) and subcultured in a ratio of 1:3.
After the third passage, the cells were detached and cryopreserved. The
obtained cells (Fig. 2) were defined as stromal cells of the fetal liver. The
standard protocol for multipotent mesenchymal stromal cells isolation
was used based on the fact that the fetal liver at 15-16 dpc contains a
significant number of cells of mesenchymal origin, which provide the mi-
croenvironment of hematopoietic stem cells and liver stem cells [13, 14].

Cryopreservation of NCAs and SCs was performed in DMEM/F12 me-
dium with 0.6 % glucose, 2 mM glutamine supplemented with 10 % FBS

Fig. 2. Microphotograph of the culture of rat fetal liver stromal cells,
the 3 passage. Light microscopy; scale bar — 100 pm.
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and 10 % DMSO at a cooling rate of 1 °C/min to -80 °C, after which the
cells were transferred to liquid nitrogen. Thawing of NCAs and SCs was
performed in a water bath at + 40 °C, DMSO was washed by centrifugation
at 100 xg for 5 minutes. The number of SCs in 1 mL of pellet was counted
and diluted with DMEM/F12 medium to a concentration of 6.7+107 cells/mL
(1+108 cells per 15 pL). Before determining the number of cells in NCAs,
they were disaggregated into single NCs by vibration [9]. The number of
SCs and NCs was counted and their viability was assessed in a Goryaev
chamber after staining with Trypan blue.

The content of malonic dialdehyde (MDA) and other thiobarbituric
acid (TBA) products was determined to assess the content of secondary
products of lipid peroxidation in the serum. Serum lactate dehydroge-
nase (LDH) activity was determined to assess the brain cell injury after
ICH. Blood sampling was performed before the experiment, on the 1%t day
(before injections into the brain ventricle), as well as on the 2", 7™ and
14" day after ICH modeling by sampling blood from the tail vein. We did
not perform the blood sampling later due to the fact that according to the
literary data, the maximum levels of MDA are reached on the 3" day after
ICH and they return to normal levels by the 14™ day [15, 16].

The content of TBA products in the serum was determined by the
method [17], which is based on colorimetric measurement of the absorp-
tion intensity of the MDA complex with thiobarbituric acid. 0.3 mL of se-
rum, and then 1 mL of 0.6 % TBA were added to 3 mL of 1.4 % HsPO,
(pH =2.0). The samples were boiled in a water bath in closed tubes for 45
minutes. After cooling, 4 mL of butanol was added to the samples, mixed
thoroughly and centrifuged for 10 minutes at 1500 xg. The butanol frac-
tion was collected and analyzed on a Cary-50 spectrophotometer (Varian,
Australia) at 535 and 580 nm compared to the control sample. The con-
tent of TBA products was calculated by the following formula:

C = (D535-D580)x13.3/0.156x1.0;

where D535 and D580 — the absorption of the samples at the respec-
tive wavelengths, 13.3 — serum dilution factor, 0.156 — molar extinction
coefficient, pM-'scm-'; 1.0 — optical distance, cm

The determination of lactate dehydrogenase (LDH) activity was per-
formed using a standard kit of reagents (Erba Lachemas. r.o, Czech Re-
public) according to the instructions. Following reagents were used for
analysis: “R1”, which contained Tris buffer 100 mM/L (pH = 7.5) and
pyruvate 2.0 mM/L; and reagent “R2” — NADH 1.66 mM/L. The sample
(20 pL) was added to the working solution (1.0 mL), mixed, incubated for
1 min at 37 °C, then the absorbance was measured after 1, 2 and 3 min,
and the average absorption difference per minute (6A) was calculated by
the formula:

LDH (U/L) = 8A (sample) x F,

where F is the conversion factor equal to 11496.

The rats were decapitated on the 42" day of the experiment under
anesthesia with 15 mg/kg Propofol (Daewon Pharmaceutical Co. Ltd., Ko-
rea/Switzerland) and 5 mg/kg Xylazine (Biowet, Poland). The rat brain was
fixed in 4 % formaldehyde solution (0.L.KAR, Ukraine). After fixation, the
brain was dehydrated in gradually increasing concentrations of ethanol,
after which the alcohol was removed with xylene in increasing concentra-
tions. The xylene was gradually replaced with paraffin in a thermostat
until complete removal. Paraffin blocks were formed and then cut on a
microtome into sections about 10 um thick. Paraffin and xylene were re-
moved from the sections. To detect neurons and perform morphometric
studies, sections were stained with Nissl methylene blue (Khimreaktiv,
Ukraine). Morphological examination was performed on a microscope
Biogenic LED Trino (Sigeta, China) with a camera MCMOS 5100 (Sigeta,
China). Morphometric analysis was performed using the software LSM
Image Examiner (Zeiss, Germany): the area of the lost striatum (mm2) and
the average distance from the border of the lesion to the nearest neurons
(um) were measured.

The lost striatum area (LSA) was calculated based on a modified
method [6]. The area of the striatum both on the affected side (ipsi-
lateral) and on the opposite unaffected side (contralateral) were measured
(Fig. 3). The area of the contralateral striatum was subtracted from the area
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Fig. 3. The microphotograph of the rat brain sections, illustrating
a method of measuring the maximum area of ipsilateral and
contralateral striatums on the 42" day after hemorrhage.
Nissl staining, scale bar — 1000 pm.
Notes: 1 - the cerebral cortex; 2 — corpus callosum; 3 — lateral brain
ventricles; i — ipsilateral striatum, ¢ — contralateral striatum, L — left
hemisphere of the brain; arrow indicates damaged area.

of the ipsilateral striatum after subtracting from the last area of the lesion
zone. To make the comparison with other parameters easier, the percentage
of LSA from the area of the contralateral striatum was calculated.

The average distance from damage border to the nearest neurons
(DDNN) reflects the state of the intercellular space near ICH during the
experiment up to the 42" day. Chronic inflammation, hypoxia and toxic
effects of hemoglobin degradation products lead to the death of many
neurons, which increases DDNN. On the other hand, the probable migra-
tion of endogenous or transplanted neural cells and their differentiation
into neurons may reduce DDNN. Thus, this method makes it possible to
comprehensively assess the reduction of the duration and intensity of
adverse factors, as well as the regenerative potential of different variants
for cell therapy. To determine DDNN, the distance from the border of the
lesion zone to the five nearest neurons was measured in 3 points of the
lesion border at a magnification of x40. The result in one animal was
determined as the mean of 15 measured distances.

SPSS (/BM, USA) and MS Excel (Microsoft, USA) software were used
for statistical analysis. Due to the small sample size, we used non-paramet-
ric statistics. The mean value was estimated by the median. The Dunnett’s
correction which is a more powerful analogue of the Bonferroni correction,
was applied for multiple comparisons (more than 2 groups). In this case, we
indicated the significance level a, considering the correction that takes into
account the number of comparisons. The Kruskal-Wallis test was used to
assess the statistical significance of the difference between the independent
groups. This test, however, does not provide information on which groups
differ in pairwise comparison. Thus, in the presence of significant diffe-
rences in the Kruskal-Wallis test, pairwise comparisons were performed
according to Dunn’s test, which takes into account the number of compared
groups [18]. In many tests, animals were observed in the dynamics, which
reflects the change in performance over time in the same groups. In this
case, the statistically significant changes were determined by Friedman’s
test. This criterion does not provide information on which time intervals
had significant differences. The Friedman-Conover Test was used for this
purpose [19]. In all tests, the significance level was taken as a = 0.05 with
corrections for multiple comparisons.
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Table 1. Cells viability distribution

. MIN (%) 025 (%) 050 (%) 075 (%) MAX (%) (X) (%) characteristics after cryopreservation.
Notes: n —the number of cells
NCs 7 19.0 27.0 32.0 38.0 46.0 32.4 viabilty tests; 025, Q50 and Q75
are the 1%, 2 and the 3 quartiles,
NCAs 7 51.0 66.8 77.5 82.8 94.0 75.0 respectively; Min and Max are
minimal and maximal values; X — is
ses 7 480 68.0 75.0 79.0 88.0 72.1 he anthmetical mean.

RESULTS AND DISCUSSION

The viability of NCs, NCAs and MSCs after cryopreservation was 32 %,
78 % and 75 %, respectively (Table 1). The viability of NCs in aggregates
was higher than in NCs in suspension (p = 0.001), Mann-Whitney test.

When determining the MDA and other TBA active products in the
blood of rats before ICH, a minimal difference was found between the
groups (interquartile range was 0.8 mMV/L, or 16 % of the intergroup me-
dian). In the 1t and 2™ control groups there were significant changes
according to the Friedman test and an increase in the level of MDA on the
2" day compared with the values before ICH. In the NCAs and NCAs/SCs
groups, changes in the dynamics were not significant (Fig. 4).

On the 2" day, when comparing all groups with each other in the
Kruskal-Wallis test, statistically significant differences (p = 0.003) were
revealed. Significantly lower concentrations of MDA were observed in the
NCAs and NCAs/SCs groups than in the 2" control group (p = 0.014 and
p = 0.0001, respectively; a = 0.017) (Fig. 5).

On the 7" day, when comparing all groups with each other in the
Kruskal-Wallis test the statistically significant differences (p = 0.006)
were revealed. Significantly lower concentrations of MDA were observed
in the NCAs and NCAs/SCs groups than in the 2" control group (p = 0.006
and p = 0.0005, respectively; a = 0.017) (Fig. 6). In the NCAs/SCs group
there was also a tendency to a lower concentration of MDA than in the 1%t
control group (p = 0.034; a = 0.017) (Fig. 6).

On the 14" day, when comparing all groups with each other in the
Kruskal-Wallis test, statistically significant differences (p = 0.008) were
revealed. In the NCAs/SCs group, a significantly lower concentration of
MDA was observed than in the 2" control group (p = 0.0006; a = 0.017)
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Fig. 4. The assessment of the dynamics of lipid peroxidation based
on the results of determining the concentration of malonic dialdehyde
(MDA) in the serum of rats of experimental groups.

ICH — modeling of intracerebral hemorrhage; Inj — injections of cells
or DMEM/F12 medium.

Note:

# — represents significant changes in the concentration of MDA over
the observation period (p < 0.05), Friedman test;

* — represents significant increase in the level of MDA compared to

results before ICH (p < 0.005; a = 0.005), Friedman-Conover test

(Fig. 7). Rats in the NCAs group tended to have a lower concentration
of MDA than in the 2" control group (p = 0.062). The tendency to a
higher concentration of MDA in the 2™ control compared with the 1 one
(p = 0.065) may be a consequence of the trauma of the additional opera-
tion for the cell transplantation, which is expressed in a greater activity of
lipid peroxidation.

The decrease in MDA levels in the NCAs and NCAs/SCs groups com-
pared with the 2" control group from the 2" day to the end of experiment
indicates a strong antioxidant effect of the injected cells at the beginning
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Fig. 5. The concentration of malonic dialdehyde (MDA) in the serum of
rats of experimental groups on the 2" day after ICH.
Notes: B - represents significant differences from the 2 control
group (p < 0.017), Dunn’s test.
The box with whisker plots indicates the characteristics of the
distributions: line inside — the median (the 2" quartile), lower and
upper boundaries— the 1° and the 3" quartiles, respectively; lower and
upper whiskers — minimum and maximum value, respectively;
X — the average sample.
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Fig. 6. The concentration of malonic dialdehyde (MDA) in the serum
of rats of experimental groups on the 7™ day after ICH.
Notes: B — represents significant difference from the 2" control group
(p < 0.017), Dunn’s test. Types of the box with whisker plots are the
same as on Fig. 5.
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Fig. 7. The concentration of malonic dialdehyde (MDA) in the serum of
rats of experimental groups on the 14" day after ICH.
Notes: B - represents significant difference from the 2" control group
(p = 0.0006), Dunn’s test. Types of box with whisker plots are the
same as on Fig. 5.
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Fig. 8. The dynamics of brain cell damage according to the results
of determining the activity of lactate dehydrogenase (LDH) in the
serum of rats of experimental groups. ICH — modeling of intracerebral
hemorrhage; Inj — injection of cells or DMEM/F12 medium.
Notes: # — represents significant changes in the concentration of LDH
over the observation period (p < 0.05), Friedman test; * — represents
significant increase in the level of LDH compared to results before ICH
(p < 0.005; a = 0.005), Friedman-Conover test.
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Fig. 9. The activity of lactate dehydrogenase (LDH) in the serum of rats
on the 7" day after ICH.
Notes: a — represents significant difference from the 15 control group
(p=0.01), Dunn’s test; B —represents significant difference from the
2" control group (p = 0.003), Dunn’s test.
Types of box with whisker plots are the same as on Fig. 5.

26 Cell and Organ Transplantology | May 2021, Vel. 9, Ne. 1

1400
1200
1000 M control 1
= T M control 2
= 800 B NCAs
T
S 600 1_ O NCAs/SCs
400+ .
200 T a
0

Fig. 10. The activity of lactate dehydrogenase (LDH) in the serum
of rats of experimental groups on the 14" day after ICH
Note: types of box with whisker plots are the same as on Fig. 5.

of treatment, which prevented increased lipid peroxidation in the NCAs
and NCAs/SCs groups.

When determining LDH activity in the blood of rats before ICH, a rela-
tive homogeneity of groups (interquartile range was 78 U, or 18 % of the
intergroup median) was found. On the 7™ day after ICH modeling, there
was a significant increase in LDH activity in the 2" control group com-
pared with the results before ICH (Fig. 8), which indicates a significant
increase in neural cell damage in rats of this group.

On the 7™ day when comparing all groups with each other in the
Kruskal-Wallis test, statistically significant differences (p = 0.008) were
revealed. Significantly less LDH activity was observed in the NCAs/SCs
group than in the 1t and 2" control groups (p = 0.010 and p = 0.003,
respectively; a = 0.017) (Fig. 9), which indicates a significant decrease
in the intensity of cell damage during the 1%t week when using NCAs in
combination with SCs, even compared with the control group, where no
additional surgery was performed. In addition, in the NCAs group there
was also a tendency to lower LDH activity than in the 2" control group
(p=0.040; a = 0.017).

On the 14" day in the 1 and 2" control groups there was a ten-
dency to spontaneous normalization of LDH activity in comparison with
the results of the 7™ day (Fig. 10). When comparing all groups with each
other, the Kruskal-Wallis test found no significant differences (p = 0.083).
When comparing between the groups, there was a tendency to lower LDH
activity in the NCAs/SCs group than in the 2" control group (p = 0.011;
a =0.017, but the result is not significant according to the Kruskal-Wallis
test. There was also a tendency to lower LDH activity in the NCAs/SCs
group than in the 1%t control group (p = 0.054). In addition, LDH activ-
ity in the NCAs/SCs group tended to be lower than in the NCAs group
(p = 0.057). These trends may be due to the greater effectiveness of the
combination of NCAs with SCs than a single administration of NCAs to
reduce brain cell damage after ICH.

A significant decrease in LDH activity in both experimental groups on
the 7' day, as well as a decrease in LDH in the NCAs/SCs group on the
14" day indicates the effectiveness of cryopreserved NCAs, as well as
their combination with fetal liver SCs to reduce cell damage after ICH. It
is also important that the SCs prolonged therapeutic effect of the NCAs.

MORPHOLOGICAL STUDIES

Morphological examination of all rats with ICH revealed the inclu-
sion of the pigment hemosiderin, which was in the form of yellow-green
granules formed as a result of the release and binding of iron during the
destruction of erythrocytes in brain tissue after ICH [20] (Fig. 11). The
detection of hemosiderin inclusions was necessary to determine the ave-
rage distance from the lesion to the nearest neurons, which also reflects
the thickness of glial scar.
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Fig. 11. Microphotograph of hemosiderin inclusions in the striatum

of rats of the 1t control group on the 42" day after ICH: 1 — the intact
area of the striatum; 2 — the damaged area of the striatum. The arrows
indicate hemosiderin granules. Nissl staining, scale bar — 50 pm.

ol
o & o
1

X
©
e
z -20 B control 1
3 -254 I control 2
£ 30- E NCAs
s
2 s B NCAs/SCs
3
= .40

-45

1
-50

Fig. 12. The reduction of the striatum loss in rats of experimental
groups on the 42" day after ICH, %.

Notes: B — represents significant difference from the 2" control group
(p < 0.017), Dunn’s test.

Types of box with whisker plots are the same as on Fig. 5.

As a result, on the 42" day after ICH, the areas of damage are formed
in the striatum of animals [21]. The area of damage did not accurately re-
flect the severity of brain injury in ICH because it did not take into account
the dilatation of the lateral ventricle on the affected side. The dilatation of
the ventricles was due to the contraction of the striatum tissue by the glial
scar formed in the area of brain injury and around it. Thus, to estimate
the volume of the lost striatum, it was more appropriate to calculate the
maximum of lost striatum area (LSA).

When comparing all groups with each other in the Kruskal-Wallis
test, the presence of statistically significant differences (p = 0.021) was
found. On the 42 day, rats of the NCAs and NCAs/SCs groups showed
a significantly smaller percentage of LSA than in the 2" control group
(p = 0.002 and p = 0.009, respectively; a = 0.017) (Fig. 12), indica-
ting the effectiveness of cryopreserved cells in both groups to reduce
striatum loss after ICH. Probably, the effect of cells provided by the
production of growth factors that have anti-inflammatory effects and
can promote vascular endothelial regeneration as well as differentia-
tion of endogenous neural cells [22-25]. In addition, in the NCAs group
there was a tendency to a lower percentage of LSA than in the 1t control
(p =0.050; a = 0.017) (Fig. 12).

The distance from the damage border to the nearest neurons (DDNN).

The morphological research of a zone adjacent to ICH helps to define

Fig. 13. Determination of the average distance from the border of the
lesion to the nearest neurons in a striatum (red lines): 1 — the damaged
area of a striatum; 2 — the intact area of the striatum. The arrows
indicate hemosiderin granules. Nissl staining; scale bar — 50 pym.
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Fig. 14. The distance from the border of lesion to the nearest neurons
in the brain of rats of experimental groups on the 42" day after ICH.
Notes: a —represents significant difference from the 15 control group
(p =0.008), Dunn’s test; B — represents significant difference from the
2" control group (p = 0.01), Dunn’s test.

the border of a lesion area along the line through the outermost grains of
hemosiderin (Fig. 11,13).

On the 42" day, when comparing all groups with each other in the
Kruskal-Wallis test statistically significant differences (p = 0.047) were
found. In NCAs rat group, significantly lower DDNN was detected than
in the 15t and 2" control groups (p = 0.008 and p = 0.010, respectively;
a =0.017), which indicates a decrease in the influence of adverse factors
and more efficient regeneration of neurons in areas adjacent to the site of
hemorrhage in rats injected with NCAs (Fig. 14).

The absence of significant changes in the group of NCAs administra-
tion combined with fetal liver SCs may be due to incomplete clearance
of ICH areas from detritus, which inhibits regeneration as a result of anti-
inflammatory effects of SCs [20], or random variation (difference between
NCAs and NCAs/SCs groups is not statistically significant). To date, other
authors have not conducted a comparative study of the effectiveness of
NCAs or neurospheres in combination with SCs. According to our study,
the administration of NCs in the aggregates, both alone and in combina-
tion with SCs, promote to reduce oxidative stress and preserve the tissue
of the striatum and neurons near the injured area. The presence of posi-
tive changes may be due to paracrine, neuroprotective and angiogenic
effects of injected cells [22, 23], as well as their anti-inflammatory prop-
erties [24, 25].
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ORIGINAL RESEARCH

The administration of neural cell aggregates to rats with the model of intracerebral hemorrhage, both alone and in combination with fetal
liver stromal cells, reduces oxidative stress and preserves striatum and neuron tissue near the lesion area.

2. The co-transplantation of fetal liver stromal cells with neural cell aggregates was accompanied by an earlier and longer significant
decrease in lipid peroxidation and lactate dehydrogenase activity in rat blood at the 14" day after intracerebral hemorrhage, but had no
advantages by morphometric studies of brain at 42 day over single administration of neural cell aggregates.
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EdexTuBHicTh 3acTOCyBaHHA arperartis peTamTbHUX
HelpabHIX KITHH Ta iX KOMOiHaIlii 3i CTpoMaTbHIMI
KIiTHaMu ¢eTanbHOL NeYiHKU [T 3MEHIIeHH
MOLIKOTKeHHS MO3KY MiC/IA iHTpalepeOpanbHOro
KPOBOBIINBY Y 1IIypiB

3onorbko K. M.}, Cykau O. M.?, KommaHiens A. M.!

Tnemumym npobnem xpio6ionoeii i kpiomeduyunu Hayionanvroi akademii nayx Ykpainu, Xapkis, Ykpaina
“Xapxiscokuil nedaeoeiunuii ynisepcumem im. I. C. Cxosopoou, Xapxis, Ykpaina

MawieHTn 3 iHTpaLepebpanbHUM KPOBOBUIMBOM MAar0Tb YacTi YCKNAAHEHHS | BUCOKUI PIBEHb CMEPTHOCTI. EQheKTUBHUX METOAIB NiKyBaHHSA
LbOro 3axBOPHOBAHHA HA JaHuii 4ac He icHye. Hamu 6y10 JOCNIgKEHO BIIMB 3aCTOCYBAHHA KPIOKOHCEPBOBAHUX arperatiB He#spanbHux
KJITUH CYMICHO 3 CTPOMAnbHUMU KIITUHAMWU (DETASIbHOI NEYiHKN Ha 3MEHLLUEHHS MOLKOAKEHHS MO3KY LUyDIB MiC/A IHTpaLepeépanbHoro
KDOBOBUINBY.

MATEPIAJIN TA METOUN. InTpavepe6pansHuii KDOBOBUANB MOZEIOBAY LLIXOM CTEPEOTakcuyHoro BeeseHHs 0,2 0[] konareHasu IV tuny y
CTpiaTym LLypIB. HeipasbHi KIITUHY BUAZINAIN 3 FOJI0BHOIO MO3KY, @ CTDOMAsbHI — 3 NeYiHKku nnogis wypis 15-16-i gobw rectayii. Cycren3ito
arperarig HeilipanbHux kKnitu (AHK) okpemo Ta B KoMOiHaLii 3i CTPOManbHUMN KNITUHaMu gheTanbHoI nediHku (CK) BBogun y 60KoBUI LusTy-
HOY0K MO3KY. PiBEHb NEPEKUCHOIO OKUCIIEHHS NiMifIB BU3HAYanu 110 BMICTY akTUBHUX NPOAYKTIB Tio6apoiTypoBoi kucaotu. CTyniHb MOLIKO-
JDKEHHS KJTITUH FO/I0BHOr0 MO3KY MiC/s KDOBOBW/IUBY BU3HA4a/IN 110 AKTUBHOCTI 1aKTaTAerigporeHasn y cupoBatli Kposi. [Jns oLiHBaHHA
IHTEHCUBHOCTI Jii HeCnpuATINBUX (DAKTOPIB Ta PEreHepaTUBHOro MOTEHLIay Pi3HUX BapiaHTIB KNITUHHOI Tepanii B3Hayanu nioLyy BTpa4yeHo-
0 CTpiatymy y MO3KY LUyPIB Ta CEPEAHIO BIACTaHb Bif MEXI MOLUKOIXEHHS [0 HabJIKYnX HEeVPOHIB.

PE3YJIbTATU. byno BcTaHoBNEHO, 110 BBeAeHHS AHK cninbHo 3 CK Lyypam 3 iHTpayepebpansHum KpDOBOBUIIMBOM 0iflbLL 6(HEKTUBHO 3MEHLLYE
KOHUEHTPALito ManoHOBOro JianbAerify Ta akTUBHICTb N1aKTaTAErigporeHasn, nopiBHAHO 3 BBEAEHHAM 0fHux e AHK, Lo cBigynTs npo
MPUTHIYEHHS [HTEHCUBHOCTI NEPEKUCHOIO OKMUCIIEHHS JiMigIB Ta NOLUKOAXEHHS KIITUH MiC/Is IHTpaLyepebpanbHoro KpOBOBUINBY B PE3Y/bTaTi
JAogasarHa CK. CrnocTepiranock 3HayyLye 3MEHLLEHHS M0 BTPAYE€HOro CTpiaTymy y 060X JOchifHux rpynax. byno nokasaro, 1o i3on»0BaHe
BBE/I6HHA AHK B OinbLLivi Mipi 3MEHLLIYBASIO BIfICTaHb Bif] MEXI NOLLIKO[XXEHHS [0 HANOIMKYNX HEAPOHIB, L0 CBIJYATH PO CTBOPEHHS KpaLLmX
YMOB 47151 BUXUBAHHSA Ta/ab0 pereHepaLiii HevdipoHiB y 611M3bKOCTI 10 30HU YPAXEHHS MOPIBHAHO 3 KOHTPOJIEM.

BUCHOBKW. BeeneHHs AHK sk i30/1b0BaHO Tak i B KOMOIHaLii 3 CK cripusie 3MEHLLEHHIO IHTEHCUBHOCTI OKCUAATUBHOIO CTPECY, 30E6PEXEHHI)
00°€My HEMOLUKOXKEHOI TKAHNHU CTPIaTyMy Ta 30ifbLUEHHIO KifTbKOCTI HEVDOHIB y 6€3M0CEPeaHi 6I3bKOCTI 4O 30HU YPaXKEeHHS MO3KY npu
iHTpaLepebpansHOMy KpOBOBUINBI Y LypiB. [jogaBarHs CK crpusie GifbLL eGheKTUBHOMY MPUTHIYEHHIO MEPEKUCHOrO OKUCEHHS NinigiB.

KJTHOY0BI CJ10BA: iHTpayepebpanbHuii KDOBOBUINB, arperaty HelpanbHuX KiTUH; CTDOMAsbHI KITITUHN (DeTanbHOI NeYiHku, CTepeoTakcuc
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