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THE IMPACT OF BLAST-INDUSED TRAUMATIC BRAIN INJURY ON
PASSIVE AVOIDANCE RESPONSE

BILJINB BUBYXO-THAYKOBAHOI TPABMUATOJIOBHOI'O MO3KY HA PEAKIIIO IACUBHOI'O
YHUKHEHHS

Pe3tome. Cepen BilicbKOBOCITYKOOBIIIB, IO OEpyTh y4acTh Y 30pOHHUX KOH(IIKTaxX 1O YChOMY CBIiTi, 4aCTOIO
€ BUOyXO-i1HIyKOBaHa TpaBMa TOJIOBHOTO MO3KY. [lJisi ierkoi BUOYX0-iHAYKOBaHOI TpPaBMU TOJOBHOTO MO3KY
XapaKTepHUMH € KIIIHIYHI 03HaKH Y BUIVIAII HOPYILIEHHS KOTHITUBHUX (pyHKUiH, 30kpeMa mam’sti. Tomy me-
TOIO CTaJI0 JOCTIKEHHS 0COONMMBOCTEN BIUIMBY BHOYXO-iHAYKOBAHOI TPaBMH T'OJIOBHOIO MO3KY Ha YMOBHO-
peduiekTopHy MisIBHICTE B eKcIiepuMeHTi. JlocmiikeHHs mpoBezieHi Ha 18 0innx mrypax-camipax miHii Wistar
BikoM 5-7 MicsiB, macoro 180,0-220,0 1, oo yTpuMyBaluCh Y CTAaHAAPTHUX YMOBAax BiBapiro J{HITPOBCHKOTO
JEPXKaBHOTO MEIUYHOTO yHiBepcuteTy. BimiOpani urypu Oynu posmomineHi Ha Tpu rpymu: I rpyma — ekcre-
puMeHTanmbHa (n=6), TBapuH skoi HapkoTu3yBanm ramoradoM (Halothan Hoechst AG, Germany), dikcyBa-
JIA Ta MOJCITIOBAIM BUOYXO-1HIYKOBaHY TPaBMY TOJIOBHOTO MO3KY IIISIXOM TeHeparlii 0apoaKyCTUIHOI XBHITI
3 HAQJTHIIIKOBUM THCKOM 26,443 ,6 kI1a Ha BnacHOpydY BUTOTOBIIEHOMY IprcTpoi. Il rpyma — koHTponbpHa (n=6),
TBapWHM SIKOT MiJIIaBaIMCh TUTBKH IHTASIIIHHOMY HAapKO3y rajloTaHoM i (ikcallii B TOpH30HTAIEHOMY ITOJIO-
xeHHi Ta Il rpyna—inrakTHa (n=06). YMOBHY peaKilito TaCHBHOTO YHUKHEHHSI BiITBOPIOBAJIH 32 CTAHJAPTHOIO
METOJIMKOIO Y CBITJIO-TEMHIl Kamepi 3 eJeKTPr(IKOBaHO MiAJIOTO0 Yy TEMHINM KaMepi. BusHauanu nareHTHUN
nepiof] 3axX04y Y TEMHY KaMmepy y LIypiB, [0 TPONUIILTH MONIEPEAHE HaBUaHHA. B pe3ynsraTi mpoBeneHoro ana-
Ji3y OTPUMaHHX y XOJli eKCIIEPUMEHTY JaHUX YCTaHOBIIEHO, L0 JIerka BUOYXO-1HAYKOBaHa TpaBMa OJIOBHOTO
MO3KY HIPU3BOIMTE 10 MOPYLICHHS AaCUBHOI yMOBHO-peIEKTOPHOI AisTbHOCTI Ha 3 100y micist TpaBMH (II0-
JOBXXKEHHSI JJaTeHTHOTo 4acy Ha 28-31%, p>0,05), sike mporpecysaino y 21 (100-79%, p>0,05) ta 28 (100-96%,
p<0,05) nobu mocTTpaBMaTHYHOTO Tepiony. BpaxoByroun normepe/Hi 10CIIiHKeHHs, OTpUMaHi 3MiHH CBiI4aTh
IIPO 3HAUYHE BTOPUHHE YLIKOPKEHHS 010JI0T1YHO-aKTMBHUMH PEUOBHHAMH, IO NPU3BOJUTH 10 3aIlyCKy HEH-
pOIleTeHePaTUBHUX TPOIIECIB 1, K pPE3yJbTaT, MOTiPIICHHS TIaM’ STi.

Kuro4oBi ciioBa: yMOBHA peakilisi TaCUBHOTO YHUKHEHHS, TOJIOBHUI MO30K, BHOYX.

Blast-induced traumatic brain injury (bTBI) is
common among military personnel who are involved
in armed conflicts around the world [1]. Primarily, this
is due to the widespread use of various blast devices.
Regardless of the blast devices type, the main factor in
the damage is the blast wave, which has a very specific
multidirectional effect on the brain and is to displace
brain structures and collide with the skull bones, extra-
and intracellular hydraulic shock, as a result of which
bubbles are formed and also damage cells (cavitation
effect) [2, 3]. Depending on the strength of the explo-
sion, the distance of the person from the epicenter of
events and the subsequent level of brain damage, there
are different degrees of severity: mild, moderate and
severe. Moderate and severe injuries are diagnosed
fairly quickly, because they have severe clinical symp-
toms (loss of consciousness, coma, reflex disorders

and persistent cognitive impairment in the post-trau-
matic period) [4], have a more unfavorable progno-
sis. Mild bTBI often goes unnoticed by the victims
themselves. This is due to the absence of significant
symptoms. Most often patients notice stun or loss of
consciousness, headache that gone quickly. In addi-
tion, when victims apply, doctors note excitement,
short-term cognitive impairment. However, there are
patients in whom even with mild bTBI there are per-
sistent and long-term cognitive impairment, includ-
ing disorders of various types of memory, the patho-
genesis of which has not been well studied [2] and
therefore subject to in-depth experimental and clinical
research.

Objective was to investigate the features of the
impact of explosion-induced brain injury on condi-
tioned reflex activity in the experiment.
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Material and methods. The studies were per-
formed on 18 white male Wistar rats, age 5-7 months,
weigh 180.0-220.0 g. Animals were kept in standard con-
ditions and on the standard diet of the DSMU vivari-
um [5], all studies were conducted in accordance with
modern international requirements and norms of humane
treatment of animals (Council of Europe Convention of
March 18, 1986 (Strasbourg); Helsinki Declaration of
1975, revised and supplemented in 2000, Law of Ukraine
0f21.02.2006 Ne 3447-1V), as evidenced by an excerpt
from the minutes of the meeting of the Commission
on Biomedical Ethics of DSMU Ne 3 0of 2.11.2021.

Selected rats were divided into three groups:
I group — experimental (n=6), animals were anes-
thetized with halothane (Halothan Hoechst AG,
Germany), recorded and simulated bTBI by generating
a baroacoustic wave with an overpressure of 26.443.6
kPa on a self-made device [6]. Rats after anesthesia
were fixed in a horizontal position on the abdomen
with the main end to the muzzle of the device at a dis-
tance of 5 cm. II group — sham (n=6), animals were
subjected only to inhalation anesthesia with halothane
and fixation in a horizontal position and III group —in-
tact (n=6). Control and intact groups are designed to
refute the action of halothane.

The passive avoidance response (PAR) investi-
gated by standard methods in a light-dark chamber,

with an electrified floor in a dark chamber [7]. The an-
imals underwent a 5-day training, after which the an-
imals of the experimental group reproduced the bTBI
and recorded the latent time of entry into the dark
room on 1, 3, 7, 21 and 28 days of the post-traumatic
period. Only animals that did not enter the dark room
for 180 seconds after training, with a stable memory
for pain in the darkroom, were selected to participate
in the experiment.

Statistical analysis was performed using the
software product STATISTICA 6.1 (StatSoftInc., se-
rial No AGAR909E415822FA). Data are presented
as the mean and standard error of the mean (mean +
SEM). Comparative analysis (Mann-Whitney U-test)
was used to determine the degree and nature of the
relationship between the study parameters. The ob-
tained results were considered statistically significant
at p<0.05 [8].

Research results and discussion. Under condi-
tions of mild bTBI in rats, a tendency to prolong laten-
cy was observed at 3 and 21 days of the post-traumatic
period. On day 3, the elongation was 31% (p>0.05)
compared with the experimental (group I) and sham
(group 1) and 28% (p>0.05) between the rats of the
experimental and intact group (group III) — table. At
21 days—100% between groups I and 11, 79% between
groups I and III

Table
Latent time of entry of rats into a dark room
Training, latency (sec) Experiment, latency (sec)
Day 1 2 3 4 5 1 3 7 14 21 28
Group

I 32,8 2,7 0 0 0 0 16,2 0,7 0,7 8,0 7,5*%

11 27,5 2,5 0 0 0 0 5 0,8 0,5 0 0

111 27,0 2,5 0 0 0 0 4,7 1,2 0,8 1,7 0,3

Note: * —p<0.05 between I, IT and III groups.

Significant (p<0.05) prolongation of the latent time
of entry into the dark room was observed on the 28th day
of the post-traumatic period between animals of groups
[ and II by 100%, between animals of groups I and III
by 96%. The differences in latent time between groups
II and III are not significant, which indicates a minimal
effect of halothane on the brain in the experiment.

Due to the complex activity of brain higher func-
tions the analysis, memorization and reproduction of
information received. Thus, repetitive actions or nega-
tive situations lead to the formation of a memory trace
in the form of passive reflexes, which are integrat-
ed, highly organized processes of the central nervous
system adaptation to environmental changes. PAR is
provided by the relationship between the cortex and
subcortical structures, including the hippocampus,
and reflects the cognitive function of the brain [9].

Therefore, the study of the effect of bTBI on PAR in
the experiment allows to assess the functional state
of the brain in acute and early post-traumatic periods.

Modern studies of the PAR in conditions of brain
injury of various origins also indicate a prolongation
of latency in rats of the experimental group at differ-
ent times of the post-traumatic period, depending on
the severity of the injury [10]. Our study showed the
presence of both trends at 3 and 21 days, and a sig-
nificant increase in latent time by 28 days, indicating
a deterioration in memory due to secondary alteration
(3 days), ie damage to biologically active substances
released as a result of primary damage to neurons due
to the action of the shock wave.

This coincides with the data of modern scientists
studying the effects of inflammatory mediators (cy-
tokines and chemokines) on the course of traumatic
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brain injury [11-13]. Further prolongation of time in-
dicates a deterioration in memory, which is probably
associated with the development of neurodegenerative
processes as a consequence of primary and secondary
neuronal damage [14]. These have been found in war
veterans affected by explosions [1, 4] and other types
of even minor bTBI [15].

Thus, the results indicate a critical period after
injury (3 days). We believe that timely pathogenetic
effects on secondary factors of brain damage will con-
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Conclusion. As a result of the data analysis ob-
tained during the experiment, it was found that mild
blast-induced traumatic brain injury leads to impaired
passive avoidance response on the 3rd day after injury,
which progressed in 21 and 28 days of the post-trau-
matic period.

Prospects for further research. We believe that
the study of histopathological and biochemical chang-
es in rats with experimental blast-induced traumatic
brain injury will be promising to establish the links of

tribute to the suppression of neurodegeneration. pathogenesis that affect changes in memory.
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THE IMPACT OF BLAST-INDUSED BRAIN TRAUMA ON PASSIVE AVOIDANCE
RESPONSE

Abstract. Among military personnel participating in armed conflicts around the world, blast-induced traumatic
brain injury is common. Mild blast-induced traumatic brain injury is characterized by clinical signs in the form
of impaired cognitive functions, including memory. In this regard, the objective is to study the features of
the influence of an blast-induced traumatic brain injury on conditioned reflex activity in the experiment. The
studies were carried out on 18 white male Wistar rats aged 5-7 months, weighing 180.0-220.0 g, which were
kept under standard vivarium conditions of Dnipro State Medical University. Selected rats were divided into
three groups: I group—experimental (n=6), whose animals were anesthetized with halothane (Halothan Hoechst
AG, Germany), fixed and simulated blast-induced traumatic brain injury by generating a baroacoustic wave
with an excess pressure of 26.443.6 kPa on your own manufactured device. II group —sham (n=6), the animals
of which were subjected only to inhalation anesthesia with halothane and fixation in a horizontal position, and
IIT group — intact (n=6). The passive avoidance response was reproduced according to the standard method
in a light-dark chamber with an electrified floor in a dark chamber. The latent period of entry into the dark
chamber was determined in rats that had undergone preliminary training.

As aresult of the data analysis obtained during the experiment, it was found that a mild blast-induced traumatic
brain injury leads to a violation of passive avoidance response on the 3rd day after the injury (lengthening of
the latent time by 28-31%, p>0.05), which progressed by 21 (100-79%, p>0.05) and 28 (100-96%, p<0.05)
days of the post-traumatic period. Taking into previous studies, the changes which we obtained are indicate
significant secondary damage by biologically active substances, which lead to the launch of neurodegenerative
processes and, as a result, memory impairment.

Key words: passive avoidance response, brain, blast.
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