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ABSTRACT. Background. Blast-induced traumatic brain injury is becoming widespread in connection with the use of ex-
plosives in military conflicts all over the world and today in Ukraine, which needs the elaboration of modern pathogenetically
based treatment methods of the acute period and prevention of remote complications. Scientists have established that one of
the significant primary injuries, which is the basis for the realization of secondary ones, in the case of a mild blast-induced
traumatic brain injury, is a violation not only of neurons themselves, but also of the blood-brain barrier. Aim. Morphological
determination of changes in the blood-brain barrier in 1st day of experimental blast-induced traumatic brain injury using a
proprietary device for simulating blast injury. Methods. Brain sections of 12 albino male Wistar rats (body mass 220-270 g,
age 6-7 months) were examined using light microscopy. Rats were randomly divided into 2 groups: | — Experimental group
(n=6), the animals of which were anesthetized with Halothane, fixed with their heads to the muzzle end of a self-made and
patented device at a distance of 5 cm and subjected to the action of a blast wave of 26-36 kPa; Il - Sham (n=6). After 1 day,
the rats of both groups were euthanized and brains were removed, which were then fixed and sections were prepared and
stained with hematoxylin and eosin according to standard methods. Results. Established credible signs of blood-brain barrier
disruption using our own device to reproduce a blast-induced traumatic brain injury, which are primary damages as a result of
the action of the blast wave and are the basis for triggering secondary damage mechanisms and lead to neurodegeneration
processes. Conclusion. The mild blast-induced traumatic brain injury after using a proprietary device was confirmed by mor-
phological changes in the blood-brain barrier in the 1st day of the post-traumatic period in the form of ruptured and paretical-
ly dilated capillaries and desquamation of the vascular endothelium, the presence of erythrocyte aggregates. Increased per-
meability of blood vessels led to swelling of brain tissue and neurocytes.
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Background

Blast-induced traumatic brain injury (bTBI) is
becoming widespread in connection with the use of
explosives in military conflicts all over the world
and today in Ukraine [1, 2]. This leads to an increase
in the interest of scientists and doctors in the mecha-
nisms of bTBI development and the elaboration of
modern pathogenetically based treatment methods of
the acute period and prevention of remote complica-
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tions [3].

Blast-induced traumatic brain injury is one type
of traumatic brain injury (TBI). However, the main
difference between bTBI and classical TBI is the
specific damage caused by the blast wave, what is
currently subject to definitive research, and for what
we have developed and patented a device [4, 5]. It is
known from previous studies that the brain under the
influence of an explosive wave even a small force
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undergoes significant microscopic damage as a re-
sult of displacement of the brain and impact on the
walls of the skull, changes in intracranial pressure
and the pressure of extracellular and intracellular
fluids, the formation of bubbles due to cavitation,
which also damage brain cells [6, 7]. After the pri-
mary damage, the cascades of secondary damage
reactions are activated [8, 9]. Scientists have estab-
lished that one of the significant primary injuries
that underlies the realization of secondary ones in
mild bTBI is a violation not only of neurons them-
selves, but also of the blood-brain barrier (BBB)
[10].

In this regard, the Aim of the study was the
morphological determination of changes in the
blood-brain barrier in 1st day of experimental blast-
induced traumatic brain injury using a proprietary
device for simulating blast injury.

Materials and methods

The experiment was carried out on 12 albino
male Wistar rats (body mass 220-270 g, age 6-7
months). The animals were kept in standard condi-
tions and on the standard diet of the Dnipro state
medical university (DSMU) vivarium [11], all re-
searches were conducted in accordance with modern
international requirements and norms of humane
attitude of animals (European Convention, 18.03.1986
(Strasbourg); Declaration of Helsinki, 1975, revised
and supplemented in 2000, Law of Ukraine Ne3447-1V,
21.02.2006), what is attested by an extract from the
minutes of the commission on biomedical ethics
meeting of DSMU Ne 3, 2.11.2021. Randomly se-
lected rats were divided into two groups: group | —
experimental, Exp (n=6), animals were subjected to
inhalation anesthesia with halothane (Halothan
Hoechst AG , Germany ), fixed in a horizontal posi-

tion on the abdomen at a distance of 5 cm head to
muzzle end and simulated an explosion-induced
brain injury by generating a shock wave with an
overpressure of 26-36 kPa on a self-made device [5],
I group — sham, Sh (n=6).

The 1 day after bTBI simulation, rats of both
groups were euthanized with halothane, after which
they were decapitated and the brain was removed
and then was fixed in a 10% solution of neutral for-
malin with exposure for 24 hours. After fixation,
paraffin blocks were prepared, from which sections
with a thickness of 3-5 uym were made on a Thermo
HM 355S microtome (Thermo Scientific, Germany).
Before staining, sections were deparaffinized in xy-
lene, rehydrated in decreasing concentrations of iso-
propanol. Brain sections were stained with hematox-
ylin and eosin according to generally accepted
standards of pathogistological procedures [12]. Mi-
croscopic examination was carried out using a tri-
nocular light-optical microscope "Primo Star Carl
Zeiss" with photo output and using a lens.

Results and discussion

For any experimental research, it is important
to choose an adequate model, which, in addition to
ensuring the reproduction of damage as close as pos-
sible to the actual pathology, also meets the modern
requirements of bioethical treatment of experimental
animals. Therefore, before carrying out the planned
research, each model, including ours, needs morpho-
logical confirmation. Thus, we obtained verifiable
morphological signs of brain damage as a result of
the blast wave action, namely the presence of vari-
ous diameters capillaries ruptures and desquamation
of the vascular endothelium (Fig. 1-3), extravasal
aggregation of unchanged erythrocytes. These phe-
nomena were diffuse in different parts of the brain.

.
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Fig. 1. Histological section of the brain of a rat of the experimental group (1st day of post-traumatic period). Staining with

hematoxylin and eosin. x200.
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Hemorrhagic diapedesis, paretic dilated vessels
due to impaired autoregulation and loosening of
brain tissue due to edema were also detected. In ad-
dition to ruptures of capillaries, there is a violation
of contacts between vessels and glial cells, which are

also part of the blood-brain barrier complex.

Along with BBB disruption, heterogeneously
colored neurons, as well as their swelling and peri-
cellular edema attract attention (Fig. 3).

Fig. 2. Histological section of the brain of a rat of the experimental group (1st day of post-traumatic period). Staining with

hematoxylin and eosin. x200.

A ®

Fig. 3. Histological section of the brain of a rat of the experimental group (1st day of post-traumatic period). Staining with

hematoxylin and eosin. x400.

At the same time, there were no massive hem-
orrhages as a result of damage to larger diameter
vessels, and there were no foci of neuronal necrosis.
This testifies to the correct operation of the own de-
vice and to the correctly selected pressure of the
explosive wave, which leads to a mild blast injury.
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The results obtained by us are coincide with the
data of modern studies on the violation of the BBB
during the pathogenic action of the blast wave [10,
13]. And knowledge about the functions of the BBB
and the consequences of its violation help to reveal
the pathogenesis of both early and long-term com-
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plications of bTBI. After all, the BBB is a physio-
logical internal histological barrier between nervous
tissue and blood, represented by endothelial cells of
vessels of the central nervous system, which togeth-
er with pericytes, astrocytes, neurons and microglia
form a neurovascular unit [14]. The BBB itself and
the neurovascular unit provide a delay in the passage
of neurotoxic substances, infections, maintain water
balance, biochemical and bioelemental homeostasis,
and are responsible for an adequate immune re-
sponse [15].

Thus, BBB disruption in the acute post-
traumatic period (1 day) due to increased permeabil-
ity of the vascular wall leads to accumulation of flu-
id and swelling of brain tissues, as well as to the
ingress of biologically active pro-inflammatory sub-
stances (cytokines) and causes neuroinflammation
[16]. Violation of microcirculation due to paresis of
the vascular wall in combination with increased uti-
lization of glucose in mitochondria leads to hypoxia
and oxidative stress [17]. The start of anaerobic pro-
cesses of ATP formation leads to acidosis [18]. The
release of erythrocytes contributes to the accumula-
tion of Fe, which, in turn, increases oxidative stress
[19].

This complex of disturbances further increases
neuroinflammation, which is a secondary damage to
brain tissues and triggers apoptosis, unregulated ne-
crosis and necroptosis [20]. Also, as a result of pri-
mary damage by a blast wave, a primary immune
response is implemented, which further activates the

cells of the adaptive immune system by releasing
chemokines, inducing adhesion molecules on the
BBB, and expressing molecules on microglia. And
damage to the BBB itself is a trigger for autoim-
mune damage to neurons, which leads to gradual
neurodegeneration in the long term [21].

Conclusion

The mild blast-induced traumatic brain injury
using a proprietary device was confirmed by mor-
phological changes in the blood-brain barrier in the
1st day of the post-traumatic period in the form of
ruptured and paretically dilated capillaries and des-
quamation of the vascular endothelium, the presence
of erythrocyte aggregates. Increased permeability of
blood vessels led to swelling of brain tissue and neu-
rocytes.

Prospects for further development are to es-
tablish the impairment of cognitive functions of the
brain in rats with experimental blast-induced trauma,
as well as to reveal the biochemical and bioele-
mental features of brain damage.
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Ko3nosa 10.B., Tpsacak H.C., Knonouskuii I'.A., Ko3nosa K.C. Mopdosoriuna xapakrepucTuka re-
MaToeHUedaniunoro 6ap’epy y 1 100y ekcnepuMeHTaabHOI BUOYX0-IHIyKOBAaHOI TPAaBMH I0JIOBHOTO MO3-
KY.

PE®EPAT. AxkryansHicTh. Bee OUbI monmpeHoio cTae BUOYX0-iHIYKOBaHA TpaBMa FOJIOBHOTO MO3KY Y
3B’SI3KY 13 3aCTOCYBaHHSIM BHOYXIBKH Y BOEHHHX KOH(IIKTax B yChOMY CBITI i Ha ChOTO/HI B YKpaiHi, IO MMOT-
pedye po3poOKH CyJacHUX MaTOTCHETUIHO OOTPYHTOBAHUX 3acO0iB JTIKYBaHHS TOCTPOTO MEPioay i mpodilakTH-
KU BiTAJIEHUX yCKiIagHeHb. HayKoBIli BCTaHOBMIIH, 110 OJHUM i3 BarOMUX MEPBUHHUX YHIKOKEHB, IO JIC)KUTD
B OCHOBI peai3allii BTOpUHHHX, TIPU JIETKiiH BHOYXO-iHAYKOBaHIA TpaBMi TOJIOBHOTO MO3KY € TOPYIICHHS HE
TIJIBKH BJIACHE HEHPOHIB, a i remMaTtoeHIiedaniunoro 6ap’epy. Mera. Mopdosioriune BU3HAYCHHS 3MiH TeMaToe-
Hiedaniynoro 6ap’epy B 1 100y eKCIIEpUMEHTAIbHOT BUOYX0-1HIYKOBaHOT TPAaBMH TOJIOBHOTO MO3KY IIPH BHUKO-
PHUCTaHHI BJIACHOTO MPHUCTPOIO JJIS MOJACTIOBAHHS BUOYXOBOI TpaBMU. MeTOaU. 3a TOMOMOIO0 CBITIOBOI MiK-
POCKOIIIT JOCIIiANIN 3pi3u TOJIOBHOTO MO3KY 12 Oinux urypiB-camuiB Jninii Wistar (Baroto 220-270 r, BikoM 6-7
micsuiB). Llypu Oynu pannoMHo poszineHi Ha 2 rpynu: | — excriepuMeHTanbHa (N=6), TBAPHH SKOT HAPKOTH3Y-
Bayn ["anoTanoM, (hikcyBaIM TOJIOBOIO J0 TYJBHOTO KiHIIA BIIACHO BUTOTOBJICHOTO 1 3aI1aTEHTOBAHOTO IIPHCTPOIO
Ha BIJICTaHi 5 cM Ta migmaBamu 1ii BUOyxoBoi xBmii 26-36 kPa; Il — konTpomsHa (n=6). Uepes 1 moly mrypam
000X IpyIl MPOBOAMIN €BTaHA310 Ta BUIyYEHHS TOJIOBHOT'O MO3KY, SIKMH HaJali (hiKCyBaJld Ta TOTYBaJH 3pi3H i
3a(apOOBYBaJIM TeMaTOKCHIJIIHOM Ta €03MHOM 3a CTaHJApTHUMHM MeToJukaMu. Pe3yabTarn. BeraHoBuimm noc-
TEMEHHI O3HaKU IOpYLIEHHs reMaToeHuedaaiyHoro 6ap’epy Ipu 3acTOCYBaHHI BIACHOTO NMPUCTPOIO JUIS BIAT-
BOpEHHS BUOYXO-1HIYKOBaHOI TPaBMH T'OJIOBHOTO MO3KY, 110 € IIEPBUHHUMH IIOIIKOJDKEHHSAMH B Pe3yJbTaTi Jii
BHOYXOBO{ XBHJIi 1 JIe)KaTh B OCHOBI 3aIlyCKy BTOPHMHHHX MEXaHi3MiB MOIIKO/DKEHHS, SKi 3aITyCKal0Th MPOIeCH
HelpoaereHeparlii. BucHoBkn. BuOyxo-iHIykoBaHa TpaBMa TOJOBHOTO MO3KY JIETKOTO CTYIEHS HPH BHKOPHC-
TaHHI BJIACHOTO MPHUCTPOIO MiATBEPHKEHO MOP(OIOTiYHO HAIBHUMH 3MiHAMH reMaToeHIedaiqnoro 6ap’epy B
1 100y MOCTTpaBMaTUYHOTO MEPioy Y BUTISAI pO3ipBaHUX 1 MAPETHYHO JUIIATOBAHUX KAMUIAPIB Ta AeCKBamarlii
€HJIOTEJII0 CYAWH, HAABHUX arperaHTiB epuTpounTiB. [liqBUIIEHHS MPOHUKHOCTI CYAMH MPU3BEIO A0 HAOPAKY
TKaHUHHA MO3KY 1 HaOyXaHHS HEHpPOUHNTIB.

Kaiouosi ciioBa: remaroennedaniunuii 6ap’ep, BUOyX, rOJOBHHH MO30OK, TpPaBMa.
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