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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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ORIGINAL RESEARCH

Intracerebral hemorrhage (ICH), which causes approximately 15 % of 
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. 

At the same time, the hematoma is the cause of secondary brain injury. 
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 
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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.

The experiments were performed in accordance with the Law of 
Ukraine “On Protection of Animals from Cruelty” (№ 3447-IV) 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 μL 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 μL of DMEM/F12 
medium; 4 – group “NCAs/SCs” (n = 7) – the injection of cell suspension 
containing 1,5•106 neural cells in the aggregates and 1•106 fetal liver SCs 
in 45 μL 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 μL 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 μL 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 

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•106 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 μm (Fig. 1). Thus, the suspension of 
NCAs after 5 min of centrifugation at 100 xg contained approximately  
5•107 cells/mL (1,5•106 cells/30 μL).

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 μm 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 μg/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•105 cells/mL and cultured in DMEM/F12 
medium enriched with 0.6 % glucose, 2 mM glutamine, 100 U/mL penicil-
lin and 100 μg/mL streptomycin supplemented with 10 % FBS. Cultiva-
tion was performed in a CO2 incubator (37 °C, 5 % CO2, 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 

MATERIALS AND METHODS

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 μm.

Fig. 2. Microphotograph of the culture of rat fetal liver stromal cells, 
the 3rd passage. Light microscopy; scale bar – 100 μm.
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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•106 cells per 15 μL). 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 1st day 
(before injections into the brain ventricle), as well as on the 2nd, 7th and 
14th 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 3rd day after 
ICH and they return to normal levels by the 14th 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 % H3PO4 

(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, μM-1•cm-1; 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 μL) 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 (δA) was calculated by 
the formula:

LDH (U/L) = δА (sample) x F,
where F is the conversion factor equal to 11496.
The rats were decapitated on the 42nd 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 (O.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 μm 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 
(μm) 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 

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 42nd 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 ×40. The result in one animal was 
determined as the mean of 15 measured distances.

SPSS (IBM, 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 α, 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 α = 0.05 with 
corrections for multiple comparisons.

Fig. 3. The microphotograph of the rat brain sections, illustrating 
a method of measuring the maximum area of ipsilateral and 
contralateral striatums on the 42nd day after hemorrhage.  
Nissl staining, scale bar – 1000 μm.
Notes: 1 – the cerebral cortex; 2 – corpus callosum; 3 – lateral brain 
ventricles; i – ipsilateral striatum; c – contralateral striatum; L – left 
hemisphere of the brain; arrow indicates damaged area.
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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 mM/L, or 16 % of the intergroup me-
dian). In the 1st and 2nd control groups there were significant changes 
according to the Friedman test and an increase in the level of MDA on the 
2nd 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 2nd 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 2nd control group (p = 0.014 and 
p = 0.0001, respectively; α = 0.017) (Fig. 5).

On the 7th 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 2nd control group (p = 0.006 
and p = 0.0005, respectively; α = 0.017) (Fig. 6). In the NCAs/SCs group 
there was also a tendency to a lower concentration of MDA than in the 1st 

control group (p = 0.034; α = 0.017) (Fig. 6).
On the 14th 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 2nd control group (p = 0.0006; α = 0.017) 

(Fig. 7). Rats in the NCAs group tended to have a lower concentration 
of MDA than in the 2nd control group (p = 0.062). The tendency to a 
higher concentration of MDA in the 2nd control compared with the 1st 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 2nd control group from the 2nd day to the end of experiment 
indicates a strong antioxidant effect of the injected cells at the beginning 

RESULTS AND DISCUSSION

n MIN (%) Q25 (%) Q50 (%) Q75 (%) MAX (%) (Ẋ) (%)

NCs 7 19.0 27.0 32.0 38.0 46.0 32.4

NCAs 7 51.0 66.8 77.5 82.8 94.0 75.0

SCs 7 48.0 68.0 75.0 79.0 88.0 72.1

Table 1. Cells viability distribution 
characteristics after cryopreservation. 
Notes: n – the number of cells 
viability tests; Q25, Q50 and Q75 
are the 1st, 2nd and the 3rd quartiles, 
respectively; Min and Мах are 
minimal and maximal values; Ẋ – is 
the arithmetical mean.

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; α = 0.005), Friedman-Conover test 

Fig. 5. The concentration of malonic dialdehyde (MDA) in the serum of 
rats of experimental groups on the 2nd day after ICH.
Notes: β – represents significant differences from the 2nd control 
group (p < 0.017), Dunn’s test.
The box with whisker plots indicates the characteristics of the 
distributions: line inside – the median (the 2nd quartile); lower and 
upper boundaries– the 1st and the 3rd quartiles, respectively; lower and 
upper whiskers – minimum and maximum value, respectively;  
x – the average sample.

Fig. 6. The concentration of malonic dialdehyde (MDA) in the serum  
of rats of experimental groups on the 7th day after ICH.
Notes: β – represents significant difference from the 2nd 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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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 7th day after ICH modeling, there 
was a significant increase in LDH activity in the 2nd 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 7th 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 1st and 2nd control groups (p = 0.010 and p = 0.003, 
respectively; α = 0.017) (Fig. 9), which indicates a significant decrease 
in the intensity of cell damage during the 1st 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 2nd control group  
(p = 0.040; α = 0.017).

On the 14th day in the 1st and 2nd control groups there was a ten-
dency to spontaneous normalization of LDH activity in comparison with 
the results of the 7th 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 2nd control group (p = 0.011;  
α = 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 1st 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 7th day, as well as a decrease in LDH in the NCAs/SCs group on the 
14th 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.

ORIGINAL RESEARCH

Fig. 7. The concentration of malonic dialdehyde (MDA) in the serum of 
rats of experimental groups on the 14th day after ICH.
Notes: β – represents significant difference from the 2nd control group 
(p = 0.0006), Dunn’s test. Types of box with whisker plots are the 
same as on Fig. 5.

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

Fig. 9. The activity of lactate dehydrogenase (LDH) in the serum of rats 
on the 7th day after ICH.
Notes: α – represents significant difference from the 1st control group 
(p = 0.01), Dunn’s test; β –represents significant difference from the 
2nd control group (p = 0.003), Dunn’s test.
Types of box with whisker plots are the same as on Fig. 5.
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As a result, on the 42nd 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 42nd day, rats of the NCAs and NCAs/SCs groups showed 
a significantly smaller percentage of LSA than in the 2nd control group  
(p = 0.002 and p = 0.009, respectively; α = 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 1st control  
(p = 0.050; α = 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 

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

On the 42nd 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 1st and 2nd control groups (p = 0.008 and p = 0.010, respectively;  
α = 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].

Fig. 12. The reduction of the striatum loss in rats of experimental 
groups on the 42nd day after ICH, %.
Notes: β – represents significant difference from the 2nd control group 
(p < 0.017), Dunn’s test.
Types of box with whisker plots are the same as on Fig. 5.

Fig. 14. The distance from the border of lesion to the nearest neurons 
in the brain of rats of experimental groups on the 42nd day after ICH. 
Notes: α –represents significant difference from the 1st control group 
(p = 0.008), Dunn’s test; β – represents significant difference from the 
2nd control group (p = 0.01), Dunn’s test.
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Fig. 11. Microphotograph of hemosiderin inclusions in the striatum  
of rats of the 1st control group on the 42nd 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 μm.

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 μm.
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1. 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 14th day after intracerebral hemorrhage, but had no 
advantages by morphometric studies of brain at 42nd day over single administration of neural cell aggregates.

CONCLUSION
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Ефективність застосування агрегатів фетальних 
нейральних клітин та їх комбінації зі стромальними 
клітинами фетальної печінки для зменшення 
пошкодження мозку після інтрацеребрального 
крововиливу у щурів

УДК 611.018.82:576.7+611.018.013.395:616.831–005.1.092.9

Золотько К. М.1, Сукач О. М.1,2, Компанієць А. М.1

1Інститут проблем кріобіології і кріомедицини Національної академії наук України, Харків, Україна
2Харківський педагогічний університет ім. Г. С. Сковороди, Харків, Україна

РЕЗЮМЕ

Пацієнти з інтрацеребральним крововиливом мають часті ускладнення і високий рівень смертності. Ефективних методів лікування 
цього захворювання на даний час не існує. Нами було досліджено вплив застосування кріоконсервованих агрегатів нейральних 
клітин сумісно з стромальними клітинами фетальної печінки на зменшення пошкодження мозку щурів після інтрацеребрального 
крововиливу.

МАТЕРІАЛИ ТА МЕТОДИ. Інтрацеребральний крововилив моделювали шляхом стереотаксичного  введення 0,2 ОД колагенази IV типу у 
стріатум щурів. Нейральні клітини виділяли з головного мозку, а стромальні – з печінки плодів щурів 15-16-ї доби гестації. Суспензію 
агрегатів нейральних клітин (АНК) окремо та в комбінації зі стромальними клітинами фетальної печінки (СК) вводили у боковий шлу-
ночок мозку. Рівень перекисного окислення ліпідів визначали по вмісту активних продуктів тіобарбітурової кислоти. Ступінь пошко-
дження клітин головного мозку після крововиливу визначали по активності лактатдегідрогенази  у сироватці крові. Для оцінювання 
інтенсивності дії несприятливих факторів та регенеративного потенціалу різних варіантів клітинної терапії визначали площу втрачено-
го стріатуму у мозку щурів та середню відстань від межі пошкодження до найближчих нейронів. 

РЕЗУЛЬТАТИ. Було встановлено, що введення АНК спільно з СК щурам з інтрацеребральним крововиливом більш ефективно зменшує 
концентрацію малонового діальдегіду та активність лактатдегідрогенази, порівняно з введенням одних лише АНК, що свідчить про 
пригнічення інтенсивності перекисного окислення ліпідів та пошкодження клітин після інтрацеребрального крововиливу в результаті 
додавання СК. Спостерігалось значуще зменшення площі втраченого стріатуму у обох дослідних групах. Було показано, що ізольоване 
введення АНК в більшій мірі зменшувало відстань від межі пошкодження до найближчих нейронів, що свідчить про створення кращих 
умов для виживання та/або регенерації нейронів у близькості до зони ураження порівняно з контролем.

ВИСНОВКИ. Введення АНК як ізольовано так і в комбінації з СК сприяє зменшенню інтенсивності оксидативного стресу, збереженню 
об’єму непошкодженої тканини стріатуму та збільшенню кількості нейронів у безпосередній близькості до зони ураження мозку при 
інтрацеребральному крововиливі у щурів. Додавання СК сприяє більш ефективному пригніченню перекисного окислення ліпідів.

КЛЮЧОВІ СЛОВА: інтрацеребральний крововилив; агрегати нейральних клітин; стромальні клітини фетальної печінки; стереотаксис


