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OF MILD BLAST-INDUCED TRAUMATIC BRAIN INJURY
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The mild blast-induced brain traumatic injury like a battle fatigue, leads to neurological dis-
ability, including due to a violation of spatial memory. The presented work is the result of a blast-
induced brain traumatic injury study on a self-developed device. For the experiment, 15 white
Wistar rats were used and were divided into 3 groups: rats of Experimental group exposed by air
shock wave (2636 kPa); Sham group (anesthesia with halothane and fixation in a horizontal posi-
tion) and Intact group. The ability to learning (food reinforcement) and the spatial memory state
(time to search for food, vertical locomotor activity) were studied in the complex maze during the
first 5 days of the posttraumatic period. To assess the emotional state, we counted the number and
observed the quality of grooming acts. All researches were conducted in compliance with modern
standards for humane attitude of animals. The results of our study clearly indicate a violation of
spatial memory, which was manifested in the time of searching lengthening of the feeder and in the
increase of vertical locomotor activity in the rats of the experimental group, while the animals
clearly remembered that they were looking for food. The analysis of grooming showed qualitative
changes in the form of incomplete and prolonged acts. Such changes indicate the development of
anxiety in rats with mild blast-induced traumatic brain injury. This, in turn, led to deterioration of
the spatial orientation and memory formation. Thus, the consequence of a mild blast-induced trau-
matic brain injury in the acute period is changes in the cognitive function of the brain in the form
of deterioration of spatial memory, which was aggravated by a disturbance of emotionality in the
form of anxiety. At the same time, the memory regarding the presence of food was formed ade-
quately.
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Introduction

Blast-induced traumatic brain injury
(bTBI) is a major hazard for people in ac-
tive combat, resulting in long-term neuro-
logical disability [1]. High prevalence,
loss of working capacity even with light
damage, lack of studied pathogenesis of
bTBI makes this problem not only medi-
cal, but also socio-economic [2].

The known consequences of bTBI
are impairment of cognitive functions of
the brain, in particular various types of
memory, which are based on diffuse axon
damage directly due to the blast wave and
damage to nervous tissue by secondary
factors, in particular free radicals, disrup-
tion of homeostasis due to damage to
blood-brain barrier, leading to long-term
functional imbalance [3; 4]. In previous
studies, signs of the oligodendrocytes
death were established [5], and also mi-
croglial activation in the hippocampus and
corpus callosum negatively correlated
with spatial learning and memory [6-8]. It
is also known about the dysfunction of the
limbic system, which is involved in the
formation of orientational research activi-
ties [9]. This leads to a deterioration of re-
lational memory when a simple task is
performed with increased stress [10].

Thus, the negative consequences
caused by bTBI directly affect spatial
memory, but the pathogenesis of these
changes has not been definitely estab-
lished. Currently, in addition to axonal in-
jury as a result of the action of the blast
wave, many different directions of both
primary and secondary damage are con-
sidered from the side in various ways of
experimental reproduction [4]. Therefore,
the presented work is the result of a bTBI
study on a personally developed device
[11], and the complex of obtained data
will allow to reveal the yet unexplored
links of pathogenesis.

The purpose of the study is learning
process and the state of spatial memory in
rats with blast-induced brain injury.

Material and methods

The study was carry out on 15 white
Wistar rats aged 7-8 months, weighing
220-270 g in the laboratory of the Depart-
ment of Pathological Anatomy, Forensic
Medicine and Pathological Physiology of
the Dnipro State Medical University
(DSMU). The animals were kept under
standard conditions and on a standard diet
in the vivarium of the DSMU. All studies
were conducted according to a previously
developed and approved plan, and in com-
pliance with the provisions of the "Euro-
pean Convention for the Protection of Ver-
tebrate Animals used for Experimental and
other Scientific Purposes” (Strasbourg,
1986), The procedures followed the rec-
ommendations of the NIH Guide for the
Care and Use of Laboratory Animals and
the ARRIVE guidelines, the Resolution of
the First National Congress on Bioethics
(Kyiv, 2001), the Law of Ukraine "On the
Protection of Animals from ill-treatment"
No.3446-1V dated February 21, 2003.

All animals were divided into 3
groups: Experimental (n=5), rats exposed
to air shock wave; a Sham group (n=5),
rats that were only anesthetized with halo-
thane and fixed in a horizontal position,
and an Intact group (n=5) that were not af-
fected by any of the above factors. Sham
and Intact groups were created to estimate
the action of additional pathogenetic fac-
tors (anesthesia, fixation).

Animals of the Experimental group
were subjected to inhalation anesthesia with
halothane (Halothan Hoechst AG, Germa-
ny), were softly fixed in a horizontal position
on the abdomen with the head to the muzzle
end at a distance of 5 cm and a one-time sim-
ulation of bTBI by generating an air shock
wave with an excess pressure 26-36 kPa [11].
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The main requirement during the re-
search was the minimization of pain sen-
sations in Experimental animals. The
bTBI was reproduced using inhalation an-
esthesia with halothane, as a result of
which the animals did not feel pain and
quickly recovered.

The study of the ability to learn and
the state of spatial memory was carried out
in the complex maze, which is made of
Plexiglas and consists 9 compartments:
the starting zone, two T-shaped branches
on the right and left sides, connected by
a common corridor, and 2 side compart-
ments right and left for exit from general
part to the maze starting zone. The en-
trance from the starting zone to the
branches is carried out through the pas-
sage, which is located in the center of the
common corridor. T-shaped branches to
the right and left end with feeders, the
same one of which always contained feed.
Production of complex closed feeding be-
havior in rats was carried out by the
method of giving hungry animals a free
choice of movements in a maze. For this,
the animals had to complete the following
steps:

1. enter to the maze from the starting
area;

2. explore the maze;

3. find one of the feeders with food
and get reinforcements.

To evaluate the learning ability and
memory development in the complex
maze, throughout 5 days after bTBI simu-
lation, the time during which each animal
found the feeder, as well as its own desire
to find food, was recorded. An indicator of
the activity of researching a new territory
— the number of vertical racks — was also
analyzed. To assess the emotional state,
we counted the number and observed the
quality of grooming acts.

The numerical results were per-
formed using STATISTICA 6.1 software
(serial No.AGAR909E415822FA, Stat-

SoftInc.). Means and standard deviations
values were calculated. Intergroup differ-
ences were estimated using the Student’s
t-test and considered statistically signifi-
cant with p<0.05.

Results and discussion

To establish the presence and modi-
fications of learning ability and spatial
memory impairments in rats with mild
bTBI in the acute period when using self-
developed device, we used the complex
maze, the technique of which is based on
orienting-exploratory motor activity rein-
forced by the food reflex. Positive food re-
inforcement in the complex maze stimu-
lates hungry rats to remember the location
of palatable food, which is usually seen in
the acceleration of goal-directed search for
the feeder.

The differences between the rats of
the Experimental and Sham groups indi-
cate the absence of an analgesic effect of
halothane against the background of injury
and an increase in the functional and adap-
tive resources of the brain in rats with
bTBI. Therefore, a detailed comparison of
the results was performed between the Ex-
perimental and Intact groups.

Clinical observations indicate the pres-
ence of people affected by the explosion with
various types of memory impairment, lack of
learning ability, changes in emotionality,
which are directly related to the specific
mechanism of brain damage as a result of the
action of the blast wave [12-14]. The our
study results clearly indicate an impairment
of spatial memory in particular. A compari-
son of the time of searching for a feeder
between rats of the Experimental and Intact
groups (Tab.) showed a significant (p<0.05)
prolongation in the rats of the Experimental
group on the 1% day by 67%, on the 2" day
by 46%, on the 3" day by 57%, on the 4" day
by 83% and on the 5" by 81%. We also no-
ticed that rats with bTBI spent the least
amount of time searching for a feeder on
the 3" day of the post-traumatic period.
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Table. Indicators of spatial memory and behavior in complex maze

Title Days Groups
of study Experimental (M+m) Sham (M=+m) Intact (M£m)

1 361.2+6* 307.2£5%* 12043

Time to find 2 227.7+6* 479.244** 122.2+4
the feeder 3 206+6* 45.7+4 88.8+4
(sec) 4 240.8+11* 44+3 4142

5 157.8+4* 119.8+4 30.2+2

ical 1 32.34+3%* 17.5+1 12.8+1
I;(’:‘;mg‘:‘or 2 18 33+ 34,8437 9.5:02
activity 3 11.5+1%* 2.84+0.6 8+0.5
(number) 4 14£1%* 3+0.5 3+0.5

5 14£1%* 3.8+0.7 1.5+£0.2

1 2.7+0.5% 0.7£0.3 0.2+0.1
2 1.2+0.4 2.7+0.4%* 1+0.3

Number of 3 0.8+0.4 1+0.1 0.7+0.3
grooming 4 1.2+0.3 1.2+0.1 1+0.1
5 0.7+0.2 0.7+0.3 1+0.1

1 34.3+4%* 6.7+3%* 0.8+0.1

Duration of 2 8.54+2 25.8+2%* 11.743

grooming 3 15.5+£11* 1.8+0.1 1.7+0.8
(sec) 4 23+6* 1+0.1 1+0.1
5 5.5+1%* 1.7+0.8 1+0.1

Note: * — p<0.05 statistically significant between Experimental and Intact groups;
** — p<0.05 statistically significant between Control and Intact groups.

This coincides with the experiment-
tal data of modern literary sources using
other methods of studying spatial memory
in rats with bTBI, where a significant im-
pairment of rats spatial memory was ob-
served in the form of an extension of the
seeking shelter time [15].

Analysis of vertical locomotor ac-
tivity (VLA) showed high motor mobility
in exploring a new territory in rats with
bTBI during the 5 days of the acute post-
traumatic period in comparison with ani-
mals of the Intact group (Tab.).

Thus, on the 1% posttraumatic day
VLA was significantly (p<0.05) higher by
40%, on the 2" day by 48%, on the 3 by
30%, on the 4" by 79% and in the 5" — by
89%. This increase in VLA suggests that
spatial orientation in the maze was impai-

red in rats with bTBI, as they constantly
explored the maze by standing on their
hind paws. Such behavior indicates that the
memory of food reinforcement in rats was
formed adequately, because each animal
was looking for food. There was also a
general trend toward decreased locomotor
activity in bTBI rats over the course of the
study. Minimal VLA in bTBI rats was ob-
served on the 3™ day and then increased.

To determine the influence of the
emotional component on the learning pro-
cess and spatial memory, the amount, du-
ration and quality of grooming were addi-
tionally analyzed.

During the analysis of the quality of
grooming, the acts of comfortable groom-
ing were taken into account, i.e. washing
the animal's muzzle, nose, behind the ears
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and cleaning the whole body, and uncom- brain cognitive function in the form of
fortable grooming, when the animal wa- a deterioration of spatial memory, which
shed inconsistently and intermittently or was aggravated by a disturbance of emo-
cleaned only one part of the body. As are- tionality in the form of anxiety. At the
sult of observations, it was established that same time, the memory regarding the pres-
grooming was uncomfortable in rats with ence of food was formed adequately.
bTBI, the animals constantly looked Prospects for further research
around during this act, were extremely It is perspective to study other types
worried, which indicates an anxiety-like of memory and compare the results with
state. Given the previously established pathomorphological, biochemical and
negative effect of emotional state on spa- spectrographic data, which will contribute
tial memory in rats with different emo- to the establishment of new links of patho-
tional profiles or in diseases [16] we con- genesis and the development of new meth-
sider that in rats with bTBI, who experi- ods of bTBI treatment and prevention of
enced anxiety according to the grooming complications.
index, emotional disturbance affects the The authors declare no conflict of
process of spatial orientation and the for- interest.
mation of spatial memory. And the in- Funding
crease in the impairment of cognitive The work was carried out as part of
functions indicates the exhaustion of com- the planned initiative research topic of the
pensatory mechanisms and the deteriora- Department of Pathological Physiology of
tion of the course of bTBI from the 4th day the Dnipro State Medical University
of the posttraumatic period. "Mechanisms of formation of changes in

Conclusions the central nervous system after exposure

Thereby, the consequence of mild to extreme factors", state registration num-
bTBI in the acute period is changes in the ber 0120U105394.
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Koznoea IO.B., Tpacak H.C., 3axapoea /I.0., Ko3noea K.C.

3JATHICTH 1O HABUAHHS I CTAH TIPOCTOPOBOI MAM’SITI Y IY-
PIB B TOCTPOMY MNEPIOJI JETKOI BUBYXO-IHIYKOBAHOI TPABMHU
I'OJOBHOTI'O MO3KY

Bulyxo-iHayKoBaHa TpaBMa TOJOBHOT'O MO3KY JIETKOTO CTYIIEHs, SIK TpaBMa BOEHHOTO
qacy, MPU3BOIUTH 10 HEBPOJIOTIYHOI 1HBAIITHOCTI, B TOMY YMCIIi 32 paXyHOK MOPYIIEHHS MPO-
cTopoBoi mam’sTi. [IpencraBnena podota € pe3ynpTaTOM JOCIIHKEHHS] BUOYXO-1HAYKOBaHOI
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TPaBMH r'OJIOBHOI'O MO3KY Ha 0COOMCTO po3po0iaeHoMyY pUCTpoi. i ekCliepuMEHTY BUKOPHU-
cranu 15 6inux mypis niHii Wistar, SKHX MOIUTHIN Ha 3 TPYIIH: eKCIIEpUMEHTaIbHA (IIyPH, 10
miaBaincs Aii MOBITPSIHO-YAApHOT XBHIII TUCKOM 26-36 klla), koHTpOoIBbHA rpyna (HapKOTH-
3allisl TAJIOTAHOM Ta (iKcalis y TOPH30HTAILHOMY TIOJIOKEHHI) Ta IHTaKTHA Tpymna. 31aTHICTh
710 HaBYaHHS (XapyoBe MiAKPIIICHHS) 1 CTaH MPOCTOPOBOI TaM’ATi (Yac MOUIYKY 1Ki, BEpTHKA-
JbHA PyXOBa aKTHBHICTB) AOCIIKyBau B JK-1o1iOHOMY JTabipHHTI MPOTATOM 5 Tepimux aio
MMOCTTPAaBMATUYHOTO Tepioxy. st OLiHKYM eMOIIHHOTO CTaHy paxXyBaJM KUTBKICTh Ta CIIOCTe-
piranm 3a sSIKICTIO aKTiB IPyMiHTY. Y Ci JOCHIKEHHS IPOBEJIEH] 13 TOTPUMaHHSIM Cy4acHHX HO-
pPMAaTHBIB 100 TYMaHHOT'O CTaBJICHHS 10 TBapWH. Pe3ynbTaTé HAMIOTO JOCIIIKEHHS YiTKO
BKa3ylOTh Ha MOPYILIEHHS caMe MPOCTOPOBOI MaM’sTi, L0 MPOSIBISUIOCH Y MOJAOBKEHHI Yacy
MOIIYKY TOIBHUI, 1y MiIBUILIEHH] BEPTUKAIBHOI PYyXOBOi aKTUBHOCTI y I1ypiB €KCIIEPUMEH-
TanbHOI rpynu. [Ipu 1ibOMy TBapyHU YITKO IaM’ STy, 1110 MIYKalOTh caMe DKy. AHai3 rpymi-
HI'y MOKa3aB SKICHI 3MIHU y BUTJISAl HEMOBHUX 1 TPUBAJIMX akTiB. Taki 3MiHM BKa3ylOThb Ha
PO3BUTOK TPUBOKHOCTI Y IIYPIB 3 JIETKOIO BUOYXO-1HIYKOBAaHOI TPAaBMOIO TOJIOBHOT'O MO3KY.
e, B cBOIO Uepry NpU3BOIMIIO JI0 MOTIPHICHHS IPOLIECY TPOCTOPOBOI OpieHTallli 1 POpMyBaHHS
nam’saTi. TakuM YMHOM, HACIIJIKOM JIETKOT BUOYXO-1HAYKOBAaHOI TPaBMU I'OJIOBHOT'O MO3KY Y
rOCTPOMY I€PiO0JIi € 3MIHU KOTHITUBHOI (PYHKIII{ TOJIOBHOTO MO3KY Y BUTJISA/II TOT1pIIEHHS IIPO-
CTOPOBOI IaM’ATi, 1110 OCUITIOBAJIOCH TOPYILIEHHSM €MOIIIITHOCTI Y BUTJIS A1 TpUBOXKHOCTI. [Ipn
IbOMY TIaM’SITh T[0JI0 HasIBHOCTI k1 (hopMyBaJiach aJeKBaTHO.

Knwouoei cnoga: subyxo-inoykoeana mpaema, 20106HUL MO30K, WP, KOCHIMUBHA ()YHK-
yis, nam’smo, 1a0IpUHmM.
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