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ABSTRACT

A promising treatment method of the traumatic brain injury (TBI) may be stem cell therapy. However, the question of the nature and mecha-
nisms of action of humoral factors produced by stem cells on apoptotic and reparative processes in the brain after trauma remains open.

The PURPOSE of the study was to research the effect of conditioned media of fetal neural cell cultures on the number of apoptotic cells in the
cortex and subcortical structures of the rat brain after TBI.

MATERIALS AND METHODS. TBI was modelled by dropping a metal cylinder on rat's head. Rat fetuses (E17-18) brain was used to obtain
cultures of neural stem/progenitor cells. Conditioned media from cell cultures with high adhesive properties (HA-CM) and low adhesive pro-
perties (LA-CM) were used to treat the experimental TBI in rats. The presence of p53-positive cells in the cortex and subcortical structures was
investigated by immunohistochemistry.

RESULTS. Immunohistochemical analysis of brain sections showed that on the 5" day after TBI in rats there was an increase in the number of
p53-positive cells in both the cortex and subcortical structures of the brain. The injection of HA-CM and LA-CM to animals on the 2, 3, 4%
days after TBI was found to reduce the number of p53-positive cells in the cortex, hippocampus and thalamus by approximately half compared
to the TBI group. A significant difference in the inhibitory effect of two different conditioned media (HA-CM and LA-CM) on apoptosis in the
brain of rats after TBI was not detected.

CONCLUSIONS. The administration of conditioned media of rat fetal neural cell cultures caused a significant decrease in the number of p53-
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positive cells in both the cortex and subcortical structures on the 5" day after the brain injury.
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A promising strategy of the treatment of the traumatic brain injury
(TBI) can be stem cell therapy. Transplanted stem cells after TBI have
different effects on damaged neural tissue: interact with intact brain cells,
reduce the expression of molecules that inhibit axon growth, produce
factors promoting neural plasticity that increase the growth of neuritis,
contribute to the restoration of neurological functions [1-4].

The possibility that the therapeutic effect after stem cell transplanta-
tion is due only to the replacement of damaged neural tissue is extremely
unlikely, because only a small number of transplanted cells survive [2].
For example, transplanted multipotent mesenchymal stromal/stem cells
(MMSCs) secrete factors that through a paracrine effect or intercellular
interaction can induce proliferation of the endogenous stem cells in the
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brain and stimulate the recipient’s neural cells to secrete biologically ac-
tive factors and thus improve functional recovery after an injury [3, 5].
There is much evidence that after TBI, a programmed death of neu-
rons and other neural cells develop in the brain [6-8]. Such programmed
cell death is accompanied by caspase activation, DNA fragmentation,
release of cytochrome C from mitochondria, cytoskeleton disintegration
and formation of apoptotic cells and many other cell dysfunctions [6-8]. It
should be noted that such apoptotic changes are observed not only in dif-
ferent models of TBI in animals, but also during head injury in human [9].
Apoptosis of brain neural cells after trauma depends on the location
and time of the study after the injury. Thus, in the cerebral cortex af-
ter trauma apoptotic cells were detected in an hour and their maximum



accumulation was observed after 24 hours with a gradual decrease by
the end of the first week. In white matter and in the subcortical structures
of the brain (hippocampus and thalamus) such cells were detected in 12
hours after the injury, and their highest content was one week later [10].
The peculiarity of apoptosis after TBI is that apoptotic cells are found
not only among neurons but also glial cells, namely oligodenrocytes and
microglia cells, which can be localized in both the cortex and subcortical
structures of the brain.

One of the markers of apoptosis is the transcription factor p53, which
is an indicator of not only the presence of a tumor in the body, but also
the development of apoptosis in neural cells, a sign of neurodegeneration
and modulation of glial cell activity [9, 11]. The mechanism of p53 action
can be released by various molecular pathways, which have not been fully
studied yet. After TBI in the cortex and hippocampus, there is an increase
in the amount of mMRNA and p53 protein. Inhibition of p53 production by
various factors leads to a decrease in the manifestations of apoptosis and
reduced death of neurons and astrocytes [12, 13].

The question of the number and localization of p53-positive apoptotic
cells in the cortex and subcortical structures of the brain after TBI remains
open. The increased number of apoptotic cells in these structures persists
for several months, indicating long-term changes in the brain after an injury
and the need to find treatments and prevent the development of both pri-
mary and secondary apoptosis after TBI [10]. On the other hand, questions
about the nature and mechanisms of action of humoral factors produced
by stem cells on pathological processes in the brain, including apoptosis
and reparation after trauma, are still insufficiently studied [2, 3, 14].

The PURPOSE of the study was to examine the effect of conditioned
media of rat fetal neural cell cultures on the number of apoptotic cells in
the cortex and subcortical structures of the brain in rats after traumatic
brain injury.

MATERIALS AND METHODS

Outbred sexually mature male and female rats, aged 4-5 weeks,
weighing 140-160 g (n = 37) from the vivarium of the A. P. Romodanov
State Institute of Neurosurgery NAMS of Ukraine were used in the study.
All work with experimental animals was carried out in compliance with
legal norms and requirements of the Law of Ukraine No0.3447 IV “On the
protection of animals from cruelty”, “European Convention for the pro-
tection of vertebrate animals used for research and other scientific pur-
poses” (Strasbourg, 1986), taking into account the principles of bioethics
and biosafety standards. The study was approved by the Commission on
Ethics and Bioethics of the A. P. Romodanov State Institute of Neuro-
surgery NAMS of Ukraine (No. 26 dated 11.05.2018). Animals were kept
under standard conditions of the vivarium with free access to food and
water ad /ibitum. Euthanasia of experimental animals was performed by
the overdose of ether anesthesia.

Modeling of TBI in rats. Traumatic brain injury in rats was modeled ac-
cording to the method of Romanova G. and Biloshitsky V. [15, 16]. Before
simulating TBI, rats were anesthetized intraperitoneally with 0.5 mL of the
mixture of Ketamine (70.0 mg/kg) and Sedazine (15 mg/kg). Traumatic
brain injury was simulated by dropping a metal cylinder (weighing 100 g)
from the height of 120 cm on rat’s head. Animal’s head was placed on
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a5 cm high foam pad under a 120 cm high and 2.5 cm diameter plastic verti-
cal tube so that the metal cylinder struck the left hemisphere in the frontal
and parietal areas of the brain. After the injury, the rats hold breath reflexively
for a few seconds, as well as there appeared minor seizures in the lower
limbs and a tail lift within 5-10 seconds. After 20-30 minutes the animals
came out of anesthesia and began to move and returned to their cage.

Obtaining and culturing fetal neural cells of rats. Anesthetized preg-
nant female rats (n = 14) at 17-18 day of gestation (E17-18) were eutha-
nized by cervical dislocation. Under sterile conditions, the brains were
isolated from 4-6 fetuses, washed in DMEM medium (Sigma-Aldrich,
USA), blood vessels and meninges were removed, transferred to fresh
nutrient medium and mechanically dissociated by pipetting [17]. The
resulting cell suspensions were pelleted by centrifugation for 5 min at
1500 rpm, washed in DMEM medium. The cell pellet was resuspended in
fresh DMEM medium and the number and viability of the cells were count-
ed using 0.1 % solution of Trypan blue. The cells were seeded into plastic
50 mm Petri dishes (Sarstedt, USA) at concentration of 4+10° cells per
dish in 5.0 mL of DMEM culture medium supplemented with 10 % fetal
calf serum (Sigma, USA) and 80 pg/mL gentamycin (Farmacia, Ukraine).
Cells were cultured in a CO, incubator (NMuve, Turkey) with 5 % CO, at
+37 °C and 95 % humidity. After 24 hours of incubation, the cell cultures
were divided into 2 groups. The cells with low adhesion were aspirated
in a separate tube, pelleted by centrifugation. The pellet was resuspended
in fresh DMEM medium and 4+10° cells transferred to new Petri dish, and
cultured in 5.0 mL DMEM medium with antibiotics, but without fetal calf
serum in a GO, incubator for 48 hours. The second part of the cells that
adhered to the plastic (cells with high adhesive properties), were further
cultured in 5.0 mL fresh DMEM medium without fetal calf serum in a CO,
incubator for 48 hours. The analysis of cell cultures with microphoto reg-
istration was performed twice a day during the entire time of cultivation
using an inverted microscope TS-100 (Nikon, Japan).

After culturing, conditioned media were aspirated from cell cultures
with high adhesive properties (HA-CM) and low adhesive properties
(LA-CM). The collected medium was centrifuged at 3000 rpm for
10 minutes, the protein level was determined and samples for 2.0 mL per
cryovial frozen at -20 °C. In both types of conditioned medium the protein
content was determined at a wavelength of 260 nm and 280 nm using a
spectrophotometer SF-24 (Lomo, Russia). HA-CM was found to contain
0.28 mg/mL protein and LA-CM - 0.26 mg/mL protein.

Thawed conditioned media were used to treat the experimental TBI
in rats. Conditioned media was administered by 1 mL to animals on the
2M, 31, 4 day after the injury by intramuscular injection. Animals were
randomly divided into 4 groups: group 1 (n = 5) — intact animals, which
did not undergo any experimental treatment; group 2 (n = 6) — animals
with TBI, which were administered with 1.0 mL of DMEM medium (com-
parison group); group 3 (n = 6) — animals with TBI, which were treated
with LA-CM; group 4 (n = 6) — animals with TBI, which were treated with
HA-CM. On the 5" day after TBI, the animals were euthanized by cer-
vical dislocation under ether anesthesia and the brain was isolated for
immunohistochemical examination.

Immunohistochemical analysis of brain sections. The brain was fixed
in 4 % formaldehyde and embedded into paraffin blocks according to
conventional histological techniques. 4-6 mm sections were prepared
using microtome Microm HM-430 (Thermo Fisher Scientific, USA).

thalamus
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The sections were placed on HistoBond®+M adhesive slides (Marienfeld,
Germany) for further immunohistochemical staining. The restoration of
antigenicity was performed for 40 minutes at 98 °C in the DAKO PT Mo-
dule in High pH buffer (Dako Omnis, Denmark). The brain sections were
incubated with primary mouse monoclonal anti-p53 antibodies at dilution
1:500 (clone DO-7, DAKO, Denmark) for 30 minutes at room temperature.
After washing the sections in buffer, the primary antibodies were visua-
lized using DAKO Flex+ detection system (DAKO, Denmark). Sections
were stained with diaminobenzidine for 3 minutes and then contrasted
with Mayer’s hematoxylin (BioGnost, Croatia). Stained sections were
mounted with Histofluid medium (Marienfeld, Germany).

Counting of p53-positive cells. The number of p53-positive cells was
counted in 5 representative fields of view in every fifth frontal section of
the brain area: cortex (including parietal and pear-shaped zones), hip-
pocampus (including CA1, CA3, hilus and dentate gyrus) and thalamus
(Fig.1). A total of 5 sections per animal were examined. An Axiolmager A2
microscope (Carl Zeiss, Germany) and an AxioCam MRc5 camera (Car/
Zeiss, Germany) with a magnification of x800 were used for the analysis.

Statistical analysis. To compare the data of the experimental groups,
the analysis of variance ANOVA was performed using Origin Pro 8.5 soft-
ware (Origin Lab. Corp., USA). The difference was considered significant at
p < 0.05. The total number of p53-positive cells is presented as
mean = standard error of the mean (SEM).

RESULTS AND DISCUSSION

The immunohistochemical analysis of brain sections using anti-p53
antibodies showed that in animals of the intact group (group 1) the num-
ber of p53-positive cells in 5 fields of view of the section was 8.7 £ 1.5
in the cortex, 4.5 + 1.4 in the hippocampus, 5.1 + 1.9 in the thalamus
(Fig. 1). These results indicate approximately the same content of apop-
totic cells in the cortex and subcortical structures of the brain.

On the 5" day after the experimental traumatic brain injury in rats
group two there was an increase in the number of p53-labeled cells in
the cortex (Fig. 3) and subcortical structures of the brain. The number of
p53-positive cells increased significantly in the cerebral cortex up to
518.5+12.7 cells (Fig. 2). In the subcortical structures of the brain, name-
ly, there was a significantly lower number of p53-positive cells (in the hip-
pocampus —112.6 + 4.7, and in the thalamus — 82.4 + 3.2) than in the ce-
rebral cortex, but probably higher compared to the group of intact animals
(p < 0.05) (Fig. 2).

It was found that the administration of LA-CM and HA-CM in ani-
mals with traumatic brain injury reduced the number of p53-positive
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cells in the cortex, hippocampus and thalamus by about half compared
with the TBI group. The number of p53-positive cells in animals from
group TBI+LA-CM in the cortex was 214.6 + 7.2, in the hippocampus
56.2 + 3.3, in the thalamus 41.2 + 2.4 cells, which is likely lower com-
pared with the TBI group (p < 0.05). In the cortex of rats from group
TBI+HA-CM we found 252.4 + 6.3 p53-positive cells, in the hippocampus
52.5 £ 3.2, in the thalamus 40.6 + 2.3 ones (Fig. 2).

It is known that one of the functions of p53 protein is the induction of
apoptosis [18]. Therefore, in our study it was important to investigate the
effect of traumatic brain injury on apoptosis in different parts of the brain
(cortex, hippocampus and thalamus), as apoptosis of CNS cells depends
on the area of injury, severity of injury and timing of research [10, 12, 13].
It is also important to establish a possible treatment effect of LA-CM or
HA-CM on the development of cell apoptosis in the brain of animals with
experimental traumatic brain injury. To analyze the effect of the severity
of TBI and the depth of the penetration of brain damage, which can cause
apoptosis of neural cells, the cortex and some subcortical structures (hip-
pocampus and thalamus) were studied.

The obtained results suggest, firstly, that the manifestations of apop-
tosis of neurons and other brain cells after traumatic brain injury in rats
persist for a long time, which coincides with the above literature data [10].

Secondly, the largest number of apoptotic cells was observed in the
cerebral cortex. This may indicate that the cortex is the most vulnerable
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to trauma, as it perceives the greatest mechanical damage in injuries to
the rat’s head.

Thirdly, apoptotic p53-positive cells in the cerebral cortex had a spe-
cific brown color mainly in the cytoplasm, not the cell nuclei (Fig. 3).
This coincides with the identification of apoptotic brain cells by TUNNEL —
a method where apoptotic neural cells after trauma are divided into 2
groups of cells. The first group of cells has intense staining of the nucleus
only and signs of nuclear fragmentation, and the second — mainly staining
of the cytoplasm without fragmentation and staining of the nucleus [9,
11]. The reasons for such manifestations of neural cell apoptosis after
trauma are not fully understood. It can be assumed that these are dif-
ferent stages of one process: first p53 protein as a transcription factor
is in the nucleus, and then moves to the cytoplasm, where it interacts,
for example, with mitochondria and leads to the release of cytochrome C
mitochondria and induces irreversible neuronal apoptosis [8, 9].

The use of two different conditioned media from fetal brain cell cul-
tures cultured in serum-depleted nutrient medium, had an inhibitory ef-
fect on the manifestations of apoptosis after traumatic brain injury in rats.
Thus, three injections of LA-CM or HA-CM on the 2", 3" and 4" days after
TBI, which was directed to the secondary inflammation in the TBI patho-
genesis, which develops 2-5 days after the injury [6,15].

Comparing the effects of both conditioned media on apoptosis after
TBI, there should be noted approximately the same effect on both the
cortex and subcortical structures of the brain. Decrease the number of
p53-positive cells on the 5" day after trauma due to administration of
conditioned media suggests that apoptosis of neural cells after injury has

CONCLUSION
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a gradually increasing dynamic. Under certain conditions we can stop
this process or block effects of the various apoptotic factors on the neu-
ral cells or, conversely, we can stimulate the reparation and recovery of
damaged cells [10, 12, 14]. Further research can provide a final answer
to these questions.

Conditioned media obtained from fetal brain cell cultures with diffe-
rent adhesive properties contain some factors that inhibit the development
of apoptosis in brain cells, but do not completely block it. Inhibitory effect
on apoptosis of neural cell has been observed in the cortex and subcorti-
cal structures of the brain, which may indicate that both high-adhesive
and low-adhesive neural cells are able to produce anti-apoptotic trophic
factors. The data obtained coincide with the results of other authors,
which showed that the biological activity of trophic factors produced by
stem cells in cell culture corresponded to the effects of cell transplanta-
tion after injury [2, 3, 14]. The mechanism of impact of conditioned media
on apoptosis in brain cells can be both direct and indirect through other
mediators. It is known that humoral factors secreted by stem cells are
able to show anti-inflammatory, reparative, activating and other effects
on the brain after trauma, stimulate angiogenesis and proliferation of glial
cells [2, 3, 5]. Although both conditioned media significantly reduced the
number of p53-positive cells in different brain structures, LA-CM pro-
bably inhibited apoptosis of cells in the cerebral cortex more than HA-CM,
which may indicate some differences in their activity and composition. It
is possible that further study of these humoral factors, which are secreted
by cells with different adhesion to plastic, will allow to reveal some of
their specific properties and develop therapeutic products for clinical use.

cells in both the cortex and subcortical structures.

K as well as certain differences in their composition

1. Traumatic brain injury in rats is accompanied by a significant increase in the number of p53-pasitive cells in the cerebral cortex,
hippocampus and thalamus on the 5" day after injury, which indicates the development of apoptosis in brain cells after injury.

2.  Significantly higher number of p53-positive cells was found in the cerebral cortex than in subcortical structures such as the hippocampus
and thalamus, suggesting that apoptosis after TBI prevailed in the cortex than in other brain areas, possibly at the expense of neurons.

3. The administration of conditioned media of fetal brain neural cells after TBI promotes a significant decrease in the number of p53-positive

4. The anti-apoptotic effects of two conditioned media from high-adhesive and low-adhesive neural cells cultures after brain injury did not
differ in hippocampus and thalamus, while in the cortex the anti-apoptotic effect of conditioned media from low-adhesive cultures was
higher than from high-adhesive cells. This may indicate the presence of similar biologically active humoral factors in the studied media,

J
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BB KOHAMIIIITHOTO CepeoBUINA KYIbTYP (eTambHIX
HEPBOBUX KIiTUH Ha AalIONTOTUYHI IIPOLECH B TOTOBHOMY
MO3KY IYPiB IiCIA YepelnHO-MO3KOBOI TPaBMU

Hicsuuit M. 1.}, ToB6ax I. O.2, Benbcbka JI. M., ITymnkos O.**, [TanamappoBa A. B.!

TV «Incmumym netipoxipypeii im. axad. A. I1. Pomooanosa HAMH Yxpainu», Kuie, Ykpaina

2Xapxiscvka meOuuna akademist nicnaounnomuoi ocsimu MO3 Ypainu, Xapxis, Yikpaina

*Incmumym izionoeii im. O. O. Bozomonvus Hayionanvroi axademii nayx Yxpainu, Kuis, Yxpaina

*IY «IHcmumym eeHemuuHoi ma pezenepamusHoi meounyuny Hayionanvroi axademii meduunux nayx Yxpainu», Kuie, Ykpaina

[lepcriekTMBHUM METOLOM JTiKyBaHHs Hacnigkie YMT mMoxe cTatv KiiTuHHa Tepanisi 3 BUKOPUCTAHHAM CTOBOYPOBUX KIITUH. [1p0Te BIgKPUTUM
3a/INLLIAETLCA MUTAHHSA OO NPUPOAY, YMOB OTPUMAHHS TA MEXaHI3MIB il ryMopanbHuX YUHHUKIB CTOBOYPOBUX KIIITUH HA anonToTuyHi Ta
penapartusHi npouecy B Mo3Ky riicis YMT.

METOH PObOTH 6yno BnBYEHHS BNANBY KOHANLIAHNX CEPEOBNLL KYIIbTYD (OETanbHUX HEAPanbHUX KITITUH HA PO3BUTOK anonTo3y B Kopi 1a
MiAKOPKOBUX CTPYKTYPAaX rosI0BHOr0 MO3Ky LuypiB ricas YMT.

MATEPIAJIN TA METON. YepenHo-mo3K0BY TpaBMy MOLEIOBASY LLTAXOM NaLIHHA METaneBoro Yniingpa Ha rosoBy wypa. [na oTpumaHHs
KYJIbTYD HevipanbHuX CTOBOYDOBUX/TPOreHITOPHUX KITITUH BUKOPUCTOBYBAMN nioau Lypis (E17-18). KorauuiiiHi cepenosuLya 3 KynbTyp Kii-
TUH 3 BUCOKUMY agre3nsHumu snactusoctamu (KC-BA) ta Hubkumu agreansHumu snactuBoctamm (KC-HA) 6ynm BukopucTaHi 414 nikyBaHHs
Hacnigkis excriepumentansHoi YMT wwypis. Brime KOHANLIHUX CEPEAO0BULLY HA PO3BUTOK arnomnTo3y B KOPI Ta MigKoOPKoBUX CTPYKTYpPax rosios-
Horo mo3ky nicnisi YMT gocnigxysanu 3a JONOMOTOK IMyHOTICTOXIMIYHOIO aHani3y 3 BUKOPUCTAHHAM aHTUTINT PoTu 6ika p53.

PE3YIIbTATH. ImyHoricToXimiaHni aHania 3pi3iB roa0BHOr0 MO3KY okasas, Lo Ha 5-y 4o6y nicas YMT ronoBHOro Mo3Kky B LyypiB crnocte-
piranocs 306iMbLLUEHHS KIbKOCTi P53-MiHeHNX KIITUH 5K Y KOPI, TaK i MigKOPKOBUX CTPYKTypax ronoBHOro Mo3ky. BeenenHs KC-HA i KC-BA
TBapuHam Ha 2-y, 3-10, 4-y o6y nicns YMT 3MeHLLyBaso KinbkicTb P53-M03UTUBHUX KNITUH Y KOPI, rinokamni 1a Tanamyci npuénnsHo BABIYI
MopiBHAHO i3 rpynoto YMT. He 6y0 BuABAEHO BipOrigHOI PI3HULI B ranbMiBHIi Aii ABOX PI3HUX KOHANLIIHUX CEPEROBNLL BIf KY/IbTYP 3 BUCO-
KUMW Ta HU3bKUMY aJre3NBHUMY BIIACTUBOCTAMY Ha anonTuyHi npoLecy B rofnoBHoMy MO3KY LypiB nicis YMT.

BUCHOBKW. BBeneHHS KOHAULIIHNX CEPEAOBULL KYSIbTYD HEPBOBUX KITITUH MA0AY LypIB BUKIIUKANIO 3HAYHE 3MEHLLIEHHS KibKOCTi p53-
MO3UTUBHUX KITITUH 5K B KOPI, TaK | B NiJKIDKOBUX CTPYKTYPax Ha 5-Ty J06Y Nic/is YepernHo-Mo3K0BOI Tpasmy.
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