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BEHAVIORAL REACTIONS AND STRUCTURAL
ALTERATIONS OF HIPPOCAMPAL TISSUE AFTER
REPETITIVE MILD TRAUMATIC BRAIN INJURY IN MICE

YELYZAVETA ZABENKO "™ and TATYANA PIVNEVA®

SUMMARY. Mild traumatic brain injury (TBI), often identified with concussion,
is not considered to be life threatening in close perspective. However, the
information about its delayed neurodegenerative effects is becoming more
common. Especidly this relates to repeated cases of concussion in military service
members and athletes. The aim of our study was to show behavioral and
histological changes in a mouse model of repetitive mild traumatic brain injury
(rmTBI). No macroscopic brain abnormalities such as skull fractures or intracranial
bleeding were found in mice after rmTBI. To detect behaviord alterations, we
carried out the “Open field” test on day 5, 10 and 30 since the first impact of five.
The behaviora data reveded decrease of motor activity and increase of anxiety
level when compared to controls. Immunchistochemical data provided strong
evidence of astro- and microgliosis that persisted for weeks after rmTBI. Our
results indicate that new mouse model of human rmTBI can be useful in
development of neuroprotective approaches for treatment of rmTBI consequences.

Keywords: hippocampus, immunohistochemistry, mouse model, “Open field”
behavioral test, repetitive mild traumatic brain injury.

Introduction

Symptoms of mild traumatic brain injury (mTBI) are more difficult to detect
than those observed in severe traumatic brain injury due to moderate range of
noticeable abnormalities like skull fractures and intracrania bleeding. According to
Centers for Disease Control and Prevention (CDC), common concept of TBI indicates
brain damage due to bump, blow or jolt or a penetrating injury that disrupts normal
function of the brain. However, TBI represents not a single event, but a whole cascade
starting with initial damage (primary injury) and continuing with secondary processes
(secondary injury) that can last from minutes to months and years (Xiong e al., 2013).
Latter is mainly associated with cytotoxic and inflammatory processes accompanied by
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metabolic aterations of brain due to vascular failure (Werner and Engelhard, 2007;
Beauchamp et al., 2008; Granacher, 2008). It should be noted that mild TBI isatype of
closed trauma, and its outcome is primarily determined by secondary processes, while
savere forms are much more dependent on initiadl mechanical injury (Betrus and
Kreipke, 2012).

Acute signs of a concussion can include loss of consciousness, amnesia,
irritability, dowed reaction times, deep disturbances and emotiond lability (McCrory
et al., 2009). The critica fact is that these deficits are observed in the absence of
structural brain damage when using such standard diagnostic methods as magnetic
resonance imaging (MRI), computer tomography (CT) and electroencephalography
(EEG) (Bdanger et al., 2005; Davis et al., 2009). Nevertheless, there' s fill adanger of
long-term consequences. Specificaly, the results of the survey showed that retired
professional football players who experienced three or more concussions were more
likely to report about memory impairment and mild cognitive impairment (Guskiewicz
et al., 2005). Moreover, the analysis of post-mortem data indicated that it was among
retired football players who had played for five or more years there were elevated rates
of death due to Alzheimer's disecase (AD) or amyotrophic laterd sclerosis (ALS).
However, the authors assumed that actua causes of death also might have included
chronic traumatic encephalopathy — CTE (Lehman et al., 2012; McKee et al., 2014).

Taking into account al depicted above, modeling of mTBI and capturing its
consequences at short and long time intervas after immediate impact appear to be
extremely important. There are several kinds of modeds reproducing single and
repeated mTBI. Mostly they represent variations of schemes that existed before and
were used for mimicking more severe forms of trauma. On a similar principle, the
model of repetitive mTBI (rmTBI) designed by Michael J. Kane et d. (Kane et al.,
2012) and used in our research represents a modification of Marmarou’s weight-drop
model (Marmarou et al., 1994). The main point of its key features was to make
experimenta conditions of receiving a concussion closer to redlity by lowering rates of
mortality and cases of skull fractures and hemorrhages in animals. Since hippocampus
is integral for multiple aspects of behavior and shows high sengtivity to any
pathologica changes of brain (Levita et al., 2014; Kim et al., 2014), we focused our
research on this particular structure.

Materialsand methods

All stages of the experiment were conducted in accordance to European
Convention for the Protection of Vertebrate Animas Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

Animals
Subjects were 56 8 to 12 weeks old males of wild-type mouse (24 — 40 g).
Animals were housed in cages on a 12-hour light—dark cycle, with free access to food
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and water. In the experiment, animals were divided into following groups: 1) not
anesthetized, not injured; 2) anesthetized, not injured; 3) anesthetized, injured. Before
injury mice were lightly anesthetized with diethyl ether. The positive effect of anesthesia
was determined by absence of reaction to toe pinch.

Model of repetitive mild traumatic brain injury

We induced rmTBI by using a model proposed by Michad J. Kane et d.
(Kane et al., 2012). Its design represents a modification of classicd Marmarou's
weight-drop model (Marmarou et al., 1994) which reproduced single diffuse TBI from
mild to severe. Both in origina scheme and in modified, the skull of a mouse is
exposed to an impact with aweight guided by averticd tube. The tubeis pre-fixed to a
stationary object like wall or rack. In both schemes, the severity of injury depends on
the height from which the load falls and the weight of the latter. Respectively, in our
study the 95 g weight fell from the 1 m height. Lightly anesthetized anima were not
fixed in the apparatus, and after the weight fell, they fell too (through a piece of
aluminium foil pre-attached on top of the H-shaped box), landing on a damper support.
We avoided rebounding of the weight and, consequently, additiona blows to the skull
by using a nylon fishing line that stopped the load from falling after the impact due to
its length. According to Kane's model, neither scalp incision nor attachment of helmet
to the mouse skull were done. Mice were subjected to 5 head impacts (1/day for 5
successive days).

Recovery of righting reflex

After each of five impacts mice (n=29) were immediately placed on their
backs on aflat surface, and time required for taking anormal position was fixed. Thus,
we evaluated time required for neurological restoration. Measures of injured mice then
were compared to controls (anesthetized, not injured, n=20).

Behavioral assessment

To investigate the behaviora effects of rmTBI, mice were tested in the Open
field test before (control, n=16) and after the series of impacts (n=27) on day 5 (n=10),
day 10 (n=9) and day 30 (n=8) since the firgt injury. In addition, we divided control
animals into two groups, one of which was anesthetized without delivering the impact
(n=8) in order to compare it with the group of animastested shortly after the last injury
(day 5). Presumably, animals from the group of day 5 could still be under the influence
of anesthesia. Another control group (n=8) wasn't exposed to ether inhdations.

Animals were tested for changes in motor activity, rest duration, grooming
activity and anxiety level. Each mouse was kept on a platform for 30 minutes. The area
of the “field” was 60 cm x 60 cm and consisted of 16 equal squares. Motor activity was
defined by counting lines (sides of the squares) crossed within respective period of
time, rest duration was defined by fixing the time spent in corner zones of the platform,
grooming activity was defined by number of acts of grooming and anxiety level was
defined by number of acts of defecation.
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Edema

Both controls (n=8) and injured mice (n=8) were sacrificed to detect possble
signs of edema formation. The presence of edema was evaluated by comparing water
content between controls and mouse brains after 4 hours since the last impact of five.
We used the method which was previoudy described (Kawai et a., 2001), but dightly
modified. Mice were decapitated, and brains were rapidly removed from the skull.
Whole fresh brain was weighed on aluminum foil, dried for 90 hours a 73°C in an
oven and reweighed. Percentage water content of each brain was calculated according
to theformula: (wet weight — dry weight)/(wet weight) x 100.

I mmunohistochemical staining and image processing

Immunohistochemical analysis was carried out as previoudy described
(Pivneva et al., 2005). Controls (n=6) and mice of day 5 (n=5), 10 (n=5) and 30 (n=8)
were anesthetized by injecting an overdose of caipsol and transcardially perfused with
0.1 M phosphate buffer (PB) followed by 4% paraformaldehyde in 0,1 M PB. After
perfusion, extracted brains were immersed in the same fixative and postfixed overnight
at 4°C. Frontd brain sections (50 um) were prepared using a Leica VT1000 A
vibratome (Wetzlar, Germany). The sections were left overnight at 4°C for incubation
with primary antibodies diluted in the solution (0.1 M PB, 1% bovine serum abumin,
0,3% Triton X-100). To visualize astrocytes and microglid cells, we used rabhbit
polyclond antibodies anti-GFAP (1:1500, Dako, Denmark) and rabbit polyclonal
antibodies anti-1ba-1 (1:1000, Wako, Japan). On the next day, brain sections were
treated with secondary anti-rabbit Alexa Fluor 594-conjugated antibodies (1:1000,
Invitrogen, USA). Stained sections then were mounted to glass slides using fluorescent
mounting medium Immu-Mount (Thermo Scientific, Waltham, USA) and examined
with aFluoView FV 1000 confoca microscope (Olympus Inc., Japan).

Statistical Analysis

Statitical analysis was performed in StatSoft Statistica 6.0. The two-tailed
Student’ s t—test was used to assess the significance of differences between samples
(p < 0.05 was considered to indicate statistical significance). All data are shown as
mean + SEM.

Results and discussion

No cases of skull fractures, intracranial bleeding or seizures were registered.
Preliminary data also showed no signs of general edema (Fig. 1).

To confirm the alterations of neurological state immediately after trauma, we
compared time intervals necessary for righting reflex restoration in anesthetized
controls and in injured mice after each impact (Fig. 2). Thus, we observed that
receiving of an injury leaded to delay in full recovery of consciousness.
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Figure 1. Edemameasuring on day 5 since thefirst impact. Ocurrence of edemawas defined by
comparison of water content in control (n=8) and damaged (n=8) mouse brains.
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Figure 2. Recovery of righting reflex after each inhalational anesthezia (control animals, n=20)
or after each impact (injured animals, n=28) on five successive days.
Results are the mean + SEM.

Behaviora data indicated neurological deficits as wdl (Fig. 3). We observed
decreasing of motor activity on day 5 and its gradual restoration by day 30 (Fig. 3 A).
However, the level of control wasn't reached. Statigtically significant difference was
shown for groups of non-anesthetized control animals and injured animals tested at day
5 (p < 0.01). Sincethere was a decrease in motor activity of animals exposed to trauma,
the time spent in corner zones increased (Fig. 3 B). Statidtically significant difference
was shown for groups of non-anesthetized control animals and injured animals tested at
day 5 (p<0.01).
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Figure 3. Results of behaviora test “Openfidd” in control (C1 —non-anesthetized, n=8, C2 —
anesthetized, n=8), on day 5 (D5 — anesthetized, n=10), day 10 (D10, n=9) and day 30 (D30, n=8)
sincethefirgt impact. * and ** - p<0.05 and p<0.01 in comparison with non-anesthetized control
(t-test). Day 5 was compared to anesthetized control. Graph (D) shows dtetigticaly significant
difference between anesthetized control and day 5. Rest of indicators represents the result of
comparison with non-anesthetized control. Results are the mean £ SEM.

The observations of grooming activity showed that the number of grooming
acts decreased when compared to non-anesthetized control, but remained the same
when compared to the group of anesthetized control animals (Fig. 3 C). By day 10 it
increased when compared to anesthetized control and day 5. By day 30 it became
comparable to non-anesthetized control. Statistically significant difference was shown
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between both control groups (p<0.05) and between non-anesthetized control and day 5
(p<0.05). The changes of the number of acts of defecation (Fig. 3 D) were anaogous to
those of grooming activity. Statisticaly significant difference was shown between both
control groups (p<0.01) and between anesthetized control and day 5 (p<0.05).
Quantitive immunohistochemica andysis reveded that astro- and
microglisosisin CA1-zone of hippocampus persisted for weeks (Fig. 4).
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Figure4. Changesin number of astrocytes and microglial cells of hippocampa CA1-zone after
ddivering brain injury in control, on day 5, day 10 and day 30 since thefirst impact.

A —microphotographs of hippocampa CA1-zone. Bar=100 pm. The number of cells were
counted in 0.1 mm®. B — Comparative cell counts (astrocytes— white, microglial cells- black) in
control and after delivering brain injury. *, ** and *** —p<0.05, p<0.01 and p<0.001 in
comparison with control (t-test). Results are the mean + SEM.
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Specifically, the amount of astrocytes on day 5 since the first impact (Fig. 4 B)
was dignificantly higher than in controls. Remaining roughly the same on day 10, the
number of astrocytes increased by day 30. Statigticaly significant difference was
shown between controls and each of injured groups. day 5 (p<0.05), day 10 (p<0.01)
and day 30 (p<0.001). The tendency was similar for dynamics in microglia activation.
In numbers of microglid cells, statistically significant difference was shown for dl the
groups related to rmTBI: day 5 (p<0.05), day 10 (p<0.001) and day 30 (p<0.01).
Noteworthy, the activation of astro- and microglia was combined with restoration of
behavioral performance.

Conclusions

In anovel moded of rmTBI, no cases of skull fractures, intracrania bleeding or
seizures were registered. “Open field” behaviora testing revedled two tendencies
related to decrease of motor activity by day 5 and its gradual recovery by day 30, as
well asincrease of anxiety level by day 5 and day 10 and its return to control measures.
Astro- and microgliosis took place on day 5, day 10 and day 30, which indicates the
presence of secondary injury even after along time interva. This alows us to use the
model in further research of rmTBI features and selection of potentia treatments.
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