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Abstract

Traumatic brain injuries represent the main cause of death and invalidity all over the world. Persons surviving a severe traumatic brain injury
often present long-term disabilities, sensitive and motor deficits, cognitive, vegetative or mental disorders. Brain injuries are directly caused by
the traumatic agent, and indirectly caused by the action of cells involved in the restorative process. The main cells involved in the restorative
process are microglias and astrocytes. By using an experimental model, we investigated the reaction of these cells in the first week after a
severe brain injury, followed by brain laceration. Of the two cell types, the most rapid and intense reaction was held by the macroglias, also
known as resident macrophages of the central nervous system. Alongside the activation of local microglias, in the restorative process there
were also involved blood monocytes that turned into macrophages. 24 hours after the injury, the number of macrophage cells/mm? at brain
wound level increased 2—4 times, after three days — 10-12 times, and after seven days — over 20 times. The astrocyte reaction was slower,
their activation being signaled no sooner than three days from injury, when their number in the perilesional brain parenchyma increased
approximately two times, while after seven days — approximately 4-5 times. Both astrocytes and macrophages (microglias), besides their
beneficial effects in restoring traumatic brain injuries, may have unfavorable effects upon the nervous cells in the immediate proximity of
the injury. Destruction of vascular network by the traumatic agent, and the extremely slow restore of vascularization, partially explain brain

neurons death on extend areas.
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=& Introduction

Traumatic brain injuries (TBI) represent the main cause
of morbidity, death and invalidity at worldwide level
[1-3]. Every year, all over the world, there are recorded
a few million brain injuries, of which 1.5 million patients
die [4]. Only in the United States of America, in the
adult population, there are recorded about 155 000 cases
of traumatic brain injuries and approximately 12 000
deaths having the same cause every year [5]. In children
and young population less than 19-year-old, brain injuries
are even more frequent. According to some authors [6],
in the emergency rooms all over the USA there present
about 630 000 young patients every year, of whom cca.
60 000 require hospitalization and about 6000 brain-
injured patients subsequently die.

In Europe, the rate of annual incidence regarding the
patients admitted to hospital with TBI is approximately
235 in 100 000 individuals, and mortality has an average
rate of approximately 15 in 100 000 individuals [7]. In
Great Britain and France, brain injuries represent 15-20%
of deaths in individuals aged between 5 and 35-year-old
[8]. According to some studies, until 2020 TBI will become
one of the main causes of morbidity and death [9]. TBI
are largely caused by car accidents, work accidents, wars,
violence or sports [10].

Of all traumatic brain injuries, the most severe form
is cerebral laceration, characterized by the nervous system
damage, on more or less extended areas, caused by the
penetration of a foreign object into the brain parenchyma
(projectile, white weapon, bone fragments), or by a violent
impact between the skull and a contusive object. Lace-
ration is more severe than brain contusion, due to the
fact that, besides the brain parenchyma damage, there also
appear leptomeninges ruptures (pia mater and arachnoid)
[11].

Healing of post-traumatic brain injuries is quite difficult
and, most of the times, it aggravates neuron death and
exacerbates neurological deficits, by developing an ex-
cessive local inflammatory reaction. Brain inflammation
caused by TBI may have both negative and positive
effects [12, 13]. That is why it represents a therapeutic
target to minimize the negative and neurotoxic effects,
and to promote the beneficial and neutrophic effects, at
the same time.

In our study, we proposed to investigate, in the
experiment animal, the involvement of microglias and
astrocytes in the healing process of brain parenchyma
caused by severe traumatic injuries associated with brain
tissue laceration, as these cells are directly involved in
the post-traumatic healing of brain injuries.
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& Materials and Methods

In order to perform the study, we selected a number
of 15 adult common Wistar rats, with a weight between
270 and 310 g, from the Animal Facility of the University
of Medicine and Pharmacy of Craiova, Romania. Both
before and during the experiment, the animals were held
in standard conditions of light, temperature and humidity,
and had unlimited access to food and water (ad libitum).
Artificial light provided a cycle period of 12 hours light/
12 hours darkness. The special environment conditions
(temperature, humidity, air exchanges) were provided by
complex air conditioning equipment and central heating
of the animal facility.

For performing the experiment, we obtained the approval
of the Ethics Board of the University of Medicine and
Pharmacy of Craiova, according to the European Council
Directive 11.24.1986 (86/609/CEE), the European Con-
vention regarding vertebrate animal protection (2005)
and Govern Ordinance No. 37/02.02.2002.

Animal preparation

In order to perform the traumatic brain injury, we
performed the anesthesia of laboratory animals, through
the intraperitoneal administering of a Ketamine hydro-
chloride mixture (Ketalar®, Parke-Davis) 100 mg/kg and
Xylazine hydrochloride (Rompun®, Bayer) 20 mg/kg.
Before starting any invasive surgical procedure, the
anesthesia depth was monitored after 10 minutes since
the anesthetic peritoneal injection, through the defense
reflex produced by the hallux pinching.

The anesthetized animals were placed on an electrical
pillow for maintaining a constant body temperature during
the entire surgical intervention.

Surgical intervention

The skin covering the skull of the animal was first
disinfected, by using an alcoholic iodine solution, followed
by a longitudinal incision until a good surgical area was
achieved, where both parietal bones, sagital, coronary and
lambdoid skull sutures could be visualized. The entire
subcutaneous tissue covering the skull was removed with
a scalpel. After highlighting the skull bones, by using a
dental drill there was performed a craniotomy window,
2 mm long and 1 mm wide, in the right parietal bone,
1 mm aside and parallel to the sagital suture, and 1 mm
rostral from the lambdoid suture. During craniotomy, there
were taken breaks at every 15-20 seconds, in order to
prevent bone heating and subsequent generation of caloric
injuries upon the brain parenchyma. For a better and
faster cooling, the drill was introduced in a 0.9% sodium
chloride solution, for several times. When the window
depth reached the internal lamina of the right parietal bone,
this remaining intact, there was produced a penetrating
traumatic brain injury, 5 mm deep, thus ensuring the dura
mater rupture and brain tissue laceration at parietal lobe

level in the right hemisphere, using a sterile contusive
instrument, made of stainless steel, 2 mm long and 0.5 mm
in diameter. After performing the brain injury, the skin
was sutured, and the incision margins were sterilized with
a iodine alcoholic solution. The animals did not undergo
any other surgical procedures, and they were monitored
every day.

After performing the brain injury, the animals were
divided into five groups of five animals each that were
sacrificed after one, three and seven days since injury.
Then, for encephalon harvesting, there was again per-
formed the anesthesia of animals from every group, with
10% Ketamine (60 mg/kg) and 2% Xylazine (10 mg/kg),
followed by a paraformaldehyde injection into the aorta,
for the primary encephalon fixation. Taking into consi-
deration the reduced consistency of the encephalon, there
was performed the brain box dissection, followed by the
encephalon harvesting with maximum care.

The harvested biological material was then fixed in
10% neutral formalin for 72 hours at room temperature,
and included in paraffin, using the classical histological
technique.

The sectioning of the biological material was perfor-
med in the rotary microtome Microm HM350, equipped
with a water bath section transfer (STS, Microm). For
the histological study, there were performed 4 pum thick
sections, stained with Hematoxylin—Eosin (HE). For the
immunohistochemical study, the histological sections were
collected on poly-L-Lysine covered blades, and dried in
a thermostat at 37°C for 24 hours. Then, the sections
followed the classical protocol: deparaffinization and
hydration. For antigen demasking, the blades were boiled
in a sodium citrate solution, pH 6, for 21 minutes (seven
cycles of 3 minutes each) in a microwave oven. After
blade boiling and cooling, they were washed in tap water
and distilled water for 15 minutes. The endogen peroxidase
blocking was performed by blade incubation in 3% oxy-
genated water for 30 minutes, at room temperature, follo-
wed by distilled water washing for 10 minutes, and a
1% phosphate-buffered saline (PBS) solution washing
for 5 minutes. After that, there followed the non-specific
sites blocking, using 2% skim milk for 30 minutes. The
sections were then incubated with primary antibodies, for
18 hours (over night), in a refrigerator at 4°C. The next
day, there was applied the biotinylated secondary antibody
for 30 minutes, at room temperature, followed by 1%
phosphate-buffered solution washing (three baths of 5
minutes each), followed by Streptavidin-HRP for 30
minutes at room temperature and blade washing in 1%
PBS, 3x5 minutes. The signal was detected by using the
3.3’-Diaminobenzidine (DAB) (Dako) and the reaction
was stopped in 1% PBS. There followed the Mayer’s
Hematoxylin contrasting, alcohol dehydration, xylene
clarification and blade fitting by using a DPX environ-
ment (Fluka).

In our study, we used the following markers (Table 1):

Table 1 — Antibodies used for the immunohistochemical study

Antibody Code Clone

Antigen retrieval

Specificity Dilution Source

Anti-lba1 ab5076 Polyclonal

Sodium citrate buffer, pH 6

Microglia/macrophages 1:1000 Abcam
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Antibody Code Clone Antigen retrieval Specificity Dilution Source
Anti-GFAP MO0761 6F2 Sodium citrate buffer, pH 6 Astrocytes 1:2000 Dako
Anti-CD34 ab81289 EP373Y Sodium citrate buffer, pH 6 Vascular endothelium 1:100 Abcam
Anti-Neu N ab128886 Polyclonal Sodium citrate buffer, pH 6 Neuronal 1:1000 Abcam
=& Results white matter. They are difficult to notice due to the small

The traumatic brain injury performed by us caused
the destruction of the leptomeninges, neurins and neuronal
extensions, glial cells and blood vessels, through shearing,
rupture or extension mechanisms of the brain tissue
components. The injury damaged an area of the parietal
gray matter, cortical white matter and hippocampus, thus
generating a longitudinal cavity with irregular walls, due
to laceration.

After 24 hours since injury, there could be observed
the accumulation of a high blood quantity in the remain-
ing cavity, especially in the deep part of the wound, be-
cause of the brain vascular network damaging (Figure 1).
Hemorrhagic foci were also observed at perilesion level,
sometimes quite remote from the damaged area, up to
1-2 mm (Figure 2). These hemorrhagic foci were indirectly
caused, because of the pressure produced by the mechanic
factor upon the entire brain hemisphere, thus causing
vascular wall rupture, because that brain vessels have a
very thin wall, hardly resistant to mechanic traumatic
injuries, with little collagen fibers in their structure.

The neuronal distress appeared clear after 24 hours
since injury. Around the wound, the neurons presented a
multitude of morphological changes, from cellular necrosis
processes, with “neuronal ghosts”, nucleus condensation,
cytoplasmic vacuolization, up to neuronal ischemia phe-
nomena (red neurons). As foreseen, the most serious
morphological changes of the neurons appeared around
the wound. The cellular lesions diminished in intensity as
the distance from the injured area became more remote.

Neuronal distress, namely brain cell degeneration
induced by the traumatic factor, was much better expressed
by the use of the anti-NeuN antibody (neuronal nuclear
antigen). After 24 hours, there could be observed an
important diminishing of the immunohistochemical
reaction in the neurons situated at perilesional level, in
comparison to the contralateral hemisphere (Figures 3
and 4). Neuron death in the immediate proximity of the
lesion was produced because of the anoxia onset, through
suppression of the brain blood flow.

Astrocytes, specifically highlighted through the use
of anti-GFAP antibody (glial fibrillary acidic protein),
were almost entirely damaged in the lesional area, and
at perilesional level they were partially altered by the
accumulation of extravasated blood from blood vessels
or by perilesional edema occurrence. Due to this reason,
at perilesional level, astrocytes appeared altered, frag-
mented, with a heterogeneous distribution, in compa-
rison to their aspect in the left hemisphere (Figures 5
and 6).

Macrophage system cells were the first ones reacting
to the traumatic aggression, after 24 since injury. Resident
macrophage microglias of the brain are normally found
in a small number, both in the gray matter and in the

cellular body and quite delicate extensions (Figure 7). In
our experiment, in the contralateral hemisphere of the
injury, the number of microglia was approximately 60—
75 cells/mm” of gray matter. Instead, at perilesional level,
there appeared numerous round, large sized, intensely
anti-Ibal reactive cells (Figure 8). Their number varied
between 154-320 cells/mm” of gray matter, representing
a 2—4 times growth compared to the ordinary microglia
number. A careful examination of the injured area allowed
us to observe that the macrophage system cells present at
post-traumatic brain injury come both from the microglia
activation in the brain tissue, and from the monocytes in
the blood. Some monocytes present in the blood vessels
around the wound appeared intensely Ibal-reactive,
which indicates that, because of the traumatic injury,
there appeared local factors entering blood vessels and
activating monocytes in order to enhance the cellular
phagocytosis mechanisms (Figures 9 and 10).

The microvascularization was severely altered in the
immediate proximity of the brain injury. The number of
capillaries was much smaller than the one in the normal
brain hemisphere, the anti-CD34 antibody being strongly
diminished. Moreover, some blood capillaries appeared
colabated, with perivascular edema, while others were
fragmented, with a discontinuous wall, leading to blood
extravasation (Figures 11 and 12). If in the left hemi-
sphere, in the gray matter, the number of capillaries varied
between 280-330 vessels/mm’, in the right hemisphere,
in the immediate proximity of the injury, the number of
identified capillaries varied between 160—190 vessels/mm”.

After three days since injury, the neuronal necrosis
area was much more extended, with a missing anti-
NeuN reaction on extended areas at perilesional level
(Figure 13). This microscopic aspect shows the extension
of the perilesional ischemia. In the wound wall, there were
identified numerous mononuclear cells with a round
nucleus. The immunohistochemical reaction to GFAP
and Ibal showed the presence of numerous intensely
reactive astrocytes (Figure 14) and of macrophage cells.
The number of perilesionally activated astrocytes increased
up to 380-440 cells/mm’, while in the contralateral
hemisphere, their number was only 160-210 cells/mm?,
and the macrophage number increased up to 780-860
cells/mm” of cortical surface.

In the perilesional area, by using the anti-CD34
antibody, there were identified numerous angiogenesis
capillaries, and isolated CD34-positive cells, as well
(Figure 15). Also, there were identified remaining, budding
blood vessels, where the endothelial cells presented a large
ovalary nucleus, similar to some angioblasts (Figure 16).
These microscopic aspects lead us to the consideration
that the angiogenesis processes have their origin in the
endothelial cells of the remaining vessels, but they can
also emerge from young CD34-positive cells that may
subsequently become angioblasts.
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Figure 1 — Microscopic image of the brain laceration Figure 2 — Hemorrhagic focus identified quite remote
area after 24 hours since traumatic injury. There may from the mechanic aggression, after 24 hours since
be seen the formation of a cavity with irregular walls, injury. HE staining, x200.

full of blood, because of blood vessels damage in the
traumatized area. HE staining, x100.

v

Figure 3 — Microscopic image of left brain hemisphere Figure 4 — Microscopic image of the right brain hemi-

(normal), where we may observe the uniform anti-NeuN sphere in the laceration area, where we may observe
reaction of neurons in the brain cortex and hippo- the absence of perilesional NeuN reaction. Anti-NeuN

campus. Anti-NeuN antibody immunomarking, x<100. antibody immunomarking, x100.
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cortex contralateral to the lesion. Anti-GFAP antibody
immunomarking, x200.

Figure 6 — Microscopic image of astrocytes in the
immediate proximity of traumatic focus, after 24 hours
since injury, where we may observe the astrocyte alte-
ration and a totally heterogeneous distribution. Anti-
GFAP antibody immunomarking, x200.
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unaffected by the injury, where we may see the pre-
sence of some microglias. Anti-Ibal antibody immuno-
marking, x200.
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Figure 9 — Macrophage cells present both in the gray
matter and intravascularly. Anti-Ibal antibody immuno-
marking, x400.

Figure 8 — Perilesional area with a large number of
macrophage cells in the gray matter. Anti-Ibal antibody
immunomarking, %200.
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Figure 10 — Intravascularly activated monocytes in the
immediate proximity of the wound (detail from previous
image). Anti-Ibal antibody immunomarking, %600.
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Figure 11 — Normal vascular network in the gray matter Figure 12 — Image of damaged vascular network in the
of the left hemisphere. Anti-CD34 antibody immuno- immediate proximity of the traumatic injury. There may
marking, x200. be observed the reduction of blood vessels, the colaba-

tion of some, with perivascular edema or wall rupture,
with blood extravasations in the brain parenchyma.
Anti-CD34 antibody immunomarking, x200.
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Figure 13 — Image of the wound after three days since Figure 14 — Intense gliosis around the wound after three
injury. There may be observed the reduction of anti- days since traumatic brain injury. Anti-GFAP antibody
NeuN reaction on extended areas, because of neuronal immunomarking, x100.

necrosis. Anti-NeuN antibody immunomarking, %200.

Figure 15 — Image from the perilesional area where there Figure 16 — Process of “vascular budding” observed in
are highlighted numerous angiogenesis capillaries with a capillary adjacent to the traumatic wound. HE staining,
the wall formed of CD34-positive cells. Also, there are x400.

numerous heterogeneously disseminated CD34-positive
cells in the brain parenchyma. Anti-CD34 antibody
immunomarking, %200.
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After seven days since brain injury, the microscopic
study of the histological samples obtained showed that the
wound sizes reduced because of numerous mononuclear
cells proliferation in the perilesional area. There were
also identified areas of small remaining hemorrhagic
suffusions and hemosiderinic pigment cells in the cyto-
plasm (Figure 17). The evaluation of neuron viability by
using the anti-NeuN antibody showed us that they
presented extended area damage (Figure 18). In the brain
parenchyma, there was identified a dense cellular popu-
lation, with a heterogeneous, scattered arrangement, that
overwhelmed the ordinary cellular architecture of the
brain cortex. The use of Ibal and GFAP antibodies showed
that, both at wound level, and at perilesional level, there
appeared an extremely large number of reactive macro-
phages and astrocytes (Figures 19 and 20). The density
of perilesional reactive astrocytes varied between 480
and 630 cells/mm?, while, at lesion level, the macrophage

cell density was of 1260—1410 cells/mm” A small number
of reactive astrocytes was identified right in the center
of the lesion, which shows the ability of these cells to
multiply and mobilize. There could also be observed that,
alongside the numeric growth of macrophage cells, there
was a change in their morphology, thorough the increase
of cytoplasm quantity, nucleus with color diminishing,
a fact denoting a looser arrangement of the chromatin,
characteristic to young, functionally activated cells.

After seven days since brain injury, the study of
angiogenesis processes showed that, both at wound level
and at perilesional level, among the astrocytes and macro-
phages, there developed a well-organized vascular device,
with vessels ranging from a few pm up to 45-50 pm
in size. Also, there were identified numerous diffusely
disseminated CD34 positive cells in the brain parenchyma,
at perilesional level that may generate new blood vessels
(Figures 21 and 22).

injury. There may be observed the persistence of some
micro hemorrhagic foci and some intracytoplasmatic
hemosiderinic pigment cells, with a deep rearrangement
of the brain cortex by the proliferation of a mononuclear
cellular population. HE staining, %200.

P, g A .ﬁ;‘ \:qis_,;,;‘ti;é’m.‘ 2 &” A
Pot A DM ARG o NS Rl LIS AR

Figure 19 — Numerous macrophages accumulated at
lesion level, and in the perilesional brain parenchyma,
as well, after seven days since injury. Anti-Ibal antibody
immunomarking, %200.

Figure 18 — Microscopic image of brain laceration after
seven days since injury. There may be seen the absence
of neurons on extended areas, both at lesion level and
at perilesional level. Anti-NeuN antibody immuno-
marking, x200.
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Figure 20 — Reactive astrocytes mainly located at peri-

lesional level, after seven days since injury. Anti-GFAP
antibody immunomarking, %200.
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Figure 21 — Microscopic image of the lesion after seven
days, where we may observe numerous blood vessels in
the immediate proximity of the lesion. Also, there are
present numerous perilesional diffusely disseminated
CD34+ cells, which may generate new blood vessels.
Anti-CD34 antibody immunomarking, x200.

& Discussion

Severe traumatic brain injuries immediately cause
primary, irreversible lesions, due to the mechanical impact
of the traumatic agent upon the brain tissue. These primary
lesions start a series of secondary phenomena at cellular,
subcellular and molecular level, which may amplify the
injury impact upon the neurons and glial cells, resulting
in the onset of some very severe clinical signs [14, 15].

The physiopathology of secondary brain lesions is
difficult to examine. Most data were given by the expe-
rimental models on the experiment animal. Even so,
none of the used experimental models did not manage to
completely explain the secondary lesions and especially
the correlations with neurological and psychiatric patho-
logy present in people with TBI [16].

In our study, we wanted to examine the reaction of
microglias, astrocytes and endothelial cells, during the
first stages of meningocerebral restorative processes after
severe brain injuries, as the intensity of the restorative
reactions during the first stages may be correlated with
secondary lesions and late brain deficiencies. In our
experiment, the traumatic impact caused a brain lacera-
tion area, with a diameter of approx. 0.5 mm and a depth
of 2 mm. Besides the brain tissue destruction, the injury
caused brain vessel destruction on a lot more extended
area than the traumatic marking, which led to the emer-
gence of some hemorrhagic foci at quite remote distances
from the traumatic site. We consider that these hemorrhagic
foci were indirectly caused because of the pressure
produced by the mechanic factor upon the entire brain
hemisphere. It is well known the fact that vascular lesions,
irrespective of their type, cause brain hypoxia, which
induces neuron death. Moreover, the accumulated blood
as hematomas in the brain parenchyma acts as an excee-
ding substance in an unexpandable cavity, represented
by the brain box, and it determines a “mass effect”, thus
aggravating the hypoxia caused by the direct vascular
network destruction by the traumatic agent.

The local homeostasis disturbance determined a rapid
response of the macrophage system cells, characterized

Figure 22 — Blood vessels with a well-organized wall,
ranging up to 50 uym, in the immediate proximity of the
brain injury. Detail from previous image. Anti-CD34
antibody immunomarking, x400.

through the emergence of Ibal positive cells, both in the
perilesional brain parenchyma and in the brain vessels
lumen. We showed that in severe brain injuries there are
activated both the microglias, known as resident macro-
phages of the brain tissue, and the blood monocytes present
in the vessels around the lesion. According to some authors
[17-19], in a physiological state, microglias, through their
extensions, scan the brain parenchyma in order to detect
some antigens. After stimulation, microglias change both
their morphological aspect and their functional state [20].
They retract their extensions and move towards the damaged
area [21], where they release various proinflammatory
factors, such as the following cytokines: IL-1beta, TNF-
alpha, IL6, prostaglandins, growth factors, nitric oxide
or reactive oxygen species [19]. Microglia activation
may be performed by the reduction of brain blood flow,
accompanied by the onset of brain hypoxia [22, 23].
Apart from microglias, we observed that, in the lesional
focus, there migrated numerous blood monocytes that
turned into macrophages, without being able to specify
which of the two types were predominant. The macrophage
number increased over 20 times at brain wound level in
the first week after the injury, which denotes the major
involvement of these cells in the meningocerebral resto-
rative processes. Numerous studies showed that both
microglias and blood macrophages are involved in the
phagocytosis processes, thus favoring the tissue restoring
and remodeling [24, 25], participate in the fine regulation
of the inflammatory reaction [18, 19, 26, 27] and stimulate
angiogenesis. We consider that the accumulation of a
very high number of macrophages in the brain laceration
area, as well as perilesionally, is due to the accumulation of
cellular detrituses, because of the traumatic factor acting
upon the brain tissue, and also of the presence of
numerous microhemorrhagic foci caused by the brain
vascular network rupture. Brain hemorrhagic foci cause
an additional oxidative stress, through erythrocyte lysis,
and hemoglobin and iron release in the brain parenchyma
[28-30]. Hemoglobin degradation products constitute a
factor that stimulates the phagocytosis activity of the
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macrophages. In our study, at brain injury level, we
identified numerous macrophages containing a hemosi-
derinic pigment in the cytoplasm, because of the extra-
vasated red cell phagocytation in the brain parenchyma.

The astrocyte reaction was much slower and less
intense, in comparison to the reaction of macrophage
system cells. After 24 hours since injury, the astrocyte
reaction was absent. Perilesionally, similarly to neurons,
astrocytes suffered phenomena of necrosis or autolysis
in the first days after the injury. In our study, we observed
the presence of a moderate astrocyte reaction, known as
reactive glyosis, after three days since injury. It was
characterized by the increase of glial cell number on
surface unit, increase of cellular volume and glial exten-
sions, increase of the nucleus and cytoplasm quantity
and intensification of the anti-GFAP reaction. After seven
days since brain laceration, together with the maximum
development of the macrophage cells reaction, the astro-
cyte cells reaction was tremendous.

According to some studies, the astrocyte proliferation
is stimulated by the microglia activation, through various
cytokines, but especially by the tumor necrosis factor
alpha (TNF-alpha) [31-33]. Similar astrocyte reactions
were also described in other experimental models [28,
34]. The microscopic aspects observed by us at post-
traumatic lesion level lead us to the conclusion that,
between the astrocytes and the mcrophage system cells,
there are very strong relations in the tissue restoring
process, each playing a specific part within this process.
Reactive astrocytes have a beneficial effect upon brain
lesion restoring, through collecting and eliminating some
excessive quantities of neuromediators, especially of
glutamate, by restoring the brain blood barrier, as well
as by supporting the axonal regeneration [35-37].

Besides the beneficial effects, both astrocytes and
microglias may cause pathological effects when cellular
proliferation becomes chronic or it is not an excessive
one. Chronic microglia activation leads to neuron death
and generally induces the neuron degeneration processes
[38, 39]. Astrocytes may also aggravate the neuronal
lesions, by forming an excessive scar tissue, by secreting
inhibitory molecules of the axon regeneration, or by
producing proinflammatory cytokines [40, 41]. We con-
sider that, at present, the mechanisms through which
these types of glial cells participate in the post-traumatic
restorative brain processes are not completely known.
Therapeutic modeling of these cells reactivity might have
a beneficial effect in the meningocerebral restorative
processes.

=& Conclusions

Severe brain traumatic injuries, which involve brain
tissue laceration processes, determine the restorative
complex processes where microglias and astrocytes play
essential parts. Of the two types of glial cells, the fastest
and most intense reaction was held by microglias. In the
restorative brain, restorative reaction there also partici-
pated blood monocytes that turned into macrophages,
their part being of removing cellular debris and blood
extravasates resulted from the brain vascular network
damage. There cannot be specified the ratio between
blood microglias and monocytes in the restorative process

of brain injuries. The reaction of macrophage system
cells was quite intense, thus after 24 hours since injury,
the number of macrophage cells/mm’ at brain lesion
level increased 2—4 times, after three days — 10—12 times,
and after seven days — over 20 times. The astrocyte
reaction was slower, being signaled only after three
days after injury, when their number in the perilesional
parenchyma increased approximately two times, and after
seven days it increased approx. 45 times since traumatic
injury. These cells modulation might be a therapeutic
target in brain traumatic injuries.
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