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INTRODUCTION

Cerebral ischemia produces complex molecular and 
functional changes in the brain. Among them are 
strong astroglial and microglial activations. Astrocytes 
are crucial to the normal function of the central ner-
vous system. They provide neurons with energy sub-
strates and produce precursors of neurotransmitters 
(Forsyth 1996, Kirchhoff et al. 2001). They are also 
important in neuronal antioxidant defense, secrete neu-
roprotective and neurogenic factors and are implicated 
in maintaining the homeostasis of the extracellular 
milieu following ischemia (Nakata et al. 1993, 
Kirchhoff et al. 2001, Song et al. 2002, Haupt et al. 
2007). On the other hand, astrocytes can contribute to 
the progression of damage of neurons by releasing 
glutamate in glutamate- and calcium-dependent man-
ner and thus, to progression of ischemic lesion 

(Anderson et al. 2003). Moreover, the inevitable con-
sequence of ischemic infarct is glial scar formation, 
which, in the long term, prevents the axonal growth 
and impedes recovery (Fawcett and Asher 1999, 
McGraw et al. 2001). 

Microglia are brain immune cells. In non-pathologi-
cal environment microglia are ramified cells with 
small body, distributed evenly throughout the brain. 
Upon activation the cells shorten their processes and 
develop first stellate and then ameboid forms, which 
are morphologically and immunohistochemically 
indistinguishable from blood macrophages. Upon 
pathological conditions, they can exert many functions 
by releasing cytokines, chemokines and cytotoxins or 
by transforming into ameboid forms that can phago-
cyte cells or cellular debris (Giulian et al. 1993a, 
Raivich et al. 1999, Gregersen et al. 2000). The role of 
microglial cells in the development of ischemic insult 
is not yet clarified. There is a considerable body of 
evidence suggesting that, apart from beneficial effects, 
the pro-inflammatory action of microglia can be detri-
mental for the injured brain and contribute to infarct 
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evolution (Giulian et al. 1993ab, reviewed in Stoll et 
al. 1998).

The glial response to stroke has been widely stud-
ied in a plethora of animal models including varia-
tions of focal permanent or transient middle cerebral 
artery occlusion (MCAO) and photothrombosis 
(Morioka et al. 1993, Schroeter et al. 1999, 2002, 
Schilling et al. 2003, Wang and Waltz 2003, Durukan 
and Tatlisumak 2007). Most studies, however, con-
centrated on the areas localized close to the injury. 
Less effort has been done to evaluate glial reaction in 
areas remote to the infarct. Schroeter and colleagues 
(1995) showed increased glial fibrillary acidic protein 
(GFAP) expression in cortical areas remote to the 
lesion site, located laterally to the lesion. Similarly, 
Yamashita and others (1996) revealed increased GFAP 
mRNA levels in some non-ischemic areas after per-
manent MCAO. Schroeter and coauthors (1999) 
revealed the activation of microglial cells in the corti-
cal areas ipsilateral to photochemically induced stroke. 
In all cases, however, the analyzed area was within 
few millimeter zone around the infarct core. Moreover, 
only few studies addressed glial reaction at time 
points later than 7 days after the infarct. Taking into 
account the possible role of glia in ischemic patholo-
gy, it seems of a great importance to investigate the 
range and severity of gliosis in the brain. In this study 
we attempt to determine the spatiotemporal course of 
astrocytic and microglial reaction after focal cortical 
stroke in rats. For this purpose the photothrombotic 
stroke model was used as a method to induce a repro-
ducible focal injury in the cerebral cortex (Watson et 
al. 1985). To reveal astrocytes and microglia in vari-
ous cortical and subcortical brain regions at different 
time points (from 4 h up to 60 days) after induction of 
ischemia we used immunohistochemistry and lectin 
binding, respectively. GFAP staining was used to 
trace the astrogliotic response since in the adult nor-
mal (non-pathological conditions) cerebral cortex 
only about 5% of normal astrocytes have detectable 
levels of GFAP (Ludwin et al. 1976, Bignami and 
Dahl 1977, Savchenko et al. 2000). In pathological 
conditions in the brain, some astrocytes proliferate 
and change their characteristics by intensified GFAP 
synthesis and positive immunostaining (Davies et al. 
1998, Monzon-Mayor et al. 2000). Thus, increase of 
expression of GFAP is a sensitive indicator for the 
degree of reactive transformation in the brain. To 
label microglia we used isolectin B4 (IB4) from 

Griffonia simplicifolia, binding to the molecule of 
α-D galactose of microglial glycocalyx (Streit and 
Kreutzberg 1987). The lectin recognizes both resting 
and activated microglial cells, as well as ameboid 
forms. 

METHODS

The experiments were performed on 54 male Wistar 
rats (weighing 250–280 g); all procedures were per-
formed in accordance with the European Committee 
Council Directive of 24 November 1986 (86/609/EEC) 
and the experimental protocol was approved by the 
Local Ethics Committee.

Photothrombosis

For inducing the infarct, we used the photochemi-
cal procedure described by Watson and others (1985). 
Rats were anaesthetized with isoflurane via Stoelting’s 
gas anesthesia face-mask attached to stereotactic 
frame. The animals were breathing spontaneously and 
during the operation the temperature of the body was 
kept at 37°C using a self regulating heating pad. 
A catheter was inserted into the left femoral vein, and 
the scalp was incised for exposure of the skull sur-
face. A fiber optic bundle (aperture 1.5 mm) of a cold 
light source (KL 1500LCD, Germany), was placed 
straight on the skull surface on the right hemisphere 
4.5 mm posterior to bregma and 4 mm lateral to the 
midline position (i.e. aiming the barrel cortex). 
Following the onset of illumination, 0.4 ml of the 
photosensitive dye Rose Bengal (10 mg/ml, Aldrich 
Chemical Company, Milwaukee, WI, USA) was 
infused through a catheter into the femoral vein. The 
brain was then illuminated through the intact skull for 
20 min. Afterwards, the catheter was removed, the 
wounds were sutured and rats were allowed to awaken 
and returned to their cages. 

Tissue processing for single GFAP 
immunofluorescence and Nissl staining

After 4 h (n=5), 1 (n=5), 4 (n=5), 7 (n=5), 28 (n=5) 
and 60 days (n=4), rats were decapitated in deep 
Nembutal (100 mg/kg i.p.) anesthesia. As controls we 
used sham-operated (that received saline and light), 
weight matched rats (n=7). These rats were decapi-
tated 7 days after sham operation. The brains were 
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removed and immediately frozen on dry ice. Serial 
coronal sections were cut at 20 μm in a cryostat and 
mounted onto poly-L-lysine-coated slides). Every 
third section was chosen for Nissl staining to reveal 
histology of the infarct and other areas. Brain areas 
were identified according to Paxinos and Watson 
(2005). For GFAP immunofluorescence, the sections 
were fixed in ice cold 4% paraformaldehyde in PBS, 
rinsed 3 times in PBS containing 0.4% Triton X-100 
(PBS-T). The following steps were performed accord-
ing strictly to manufacturer’s protocol. Nonspecific 
binding was blocked by incubating sections for 1 hour 
with M.O.M. Blocking Reagent from Vector M.O.M. 
Kit for monoclonal antibodies (Vector Laboratories, 
Burlingame, CA, USA). The sections were then 
washed shortly 3 times in PBS-T. Then the sections 
were pre-incubated with M.O.M. Diluent for 5 min at 
RT. The excess of the diluent was tapped off and 
mouse monoclonal anti-GFAP (Sigma, Poznan, 
Poland) was applied on sections diluted 1:1 000 in 
M.O.M. Diluent. After half hour incubation at room 
temperature and three 2 min rinses in PBS, sections 
were incubated with M.O.M. biotinylated antibody 
for 10 min. After further rinses, avidin-fluorescein 
conjugate (Vector Laboratories, Burlingame, CA 
USA, 1:100) was applied onto the sections for 20 min. 
Finally, the sections were washed again 3 times 5 min 
in PBS, dried and mounted in Vectashield Mounting 
Medium for fluorescence (Vector Laboratories, 
Burlingame, CA USA).

Tissue processing for double staining for GFAP 
and microglia

As IB4 did not work on fresh frozen sections, 
separate group of animals was prepared for double 
staining. Animals were sacrificed by transcardial 
perfusion with 4% paraformaldehyde in PBS after 
1  (n=3), 4 (n=3), 7  (n=3), 28 (n=3), 60 (n=3) days 
post lesion. Three sham operated animals perfused 7 
days post operation served as control. The brains 
were removed and immersed in the same fixative for 
24 hours. Serial coronal sections of 20 μm were cut 
in a cryostat and mounted onto poly-L-lysine-coated 
slides. The sections were dried, additionally fixed in 
4% paraformaldehyde for 5 min, washed and incu-
bated with biotinylated Griffonia simplicifolia isolec-
tin B4 (Sigma, Poznan, Poland, 1:1 000) overnight at 
4°C. Next day, the sections were washed 3 times 

5 min in PBS and incubated with streptavidin-fluo-
rescein conjugate (Vector, 1:100) for 20 min, washed 
and subjected to the same protocol of GFAP immu-
nofluorescent staining as described above, except for 
secondary antibody, which this time was directly 
conjugated with Texas Red (Vector Laboratories, 
Burlingame, CA, USA, 1:200). The sections were 
observed in Nikon Eclipse 80i microscope (Nikon, 
Tokyo, Japan). Images were obtained using Image 
Pro Plus software (Media Cybernetics, Silver Springs, 
MD, USA). 

Control of immunolabeling specificity

In fluorescent labeling assays the specificity of 
staining was verified in two ways, first by omission of 
the primary antibodies, second, by omission of second-
ary antibodies. Both tests resulted in disappearance of 
fluorescent staining.

Image capturing and figure preparing

The images were captured under 20× objective 
using Nikon Eclipse 80i fluorescent microscope 
equipped with a CCD camera and analyzed in Image 
Pro Plus software. Sections from the level of striatum 
(areas rostral to infarct, 0.2 mm from Bregma), dorsal 
hippocampus (infarct level) and visual cortex (areas 
caudal to infarct, −5.8 from Bregma) were chosen for 
analysis. Eight sections from each animal, representing 
each level studied were visually inspected. Figures 
were prepared using Adobe Photoshop 7.0. Images 
were compiled in panels and elaborated simultaneously 
to improve brightness and contrast. 

RESULTS

General pathological changes and astrocyte 
activation in the infarct core and boundary

The animals recovered well from surgery and 
anesthesia. In sham operated animals numerous 
GFAP-positive astrocytes were present in all layers, 
although with various densities. In layer IV the 
GFAP-positive cells were sparser when compared to 
supragranular and infragranular layers. Some indi-
vidual variability between animals in numbers of 
GFAP-positive cells was observed (data not shown). 
As soon as four hours after photothrombosis a large 
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Fig. 1. Astrogliotic response at the level of the infarct. Note a dramatic decrease of immunostaining in the lesion core 4 hours after 
the infarct. A wide zone of reactive astrocytes starts to form around the lesion as soon as 1–4 days after the lesion and results in 
glial scar observed 28 and 60 days post stroke. In the lower right corner there are two pictures showing details of GFAP immu-
nofluorescence from contralateral cortex (left) and the core of the lesion (right) 4 hours after photothrombosis. Large scale bar is 
2 mm, small scale bar is 250 µm. 
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conical lesion spanning through all cortical layers, 
but not reaching corpus callosum, was observed 
(Fig. 1). Nissl staining revealed a massive loss of 
cells within the lesion. Only few cells, most of them 
with small dense nuclei, were still detectable by 
Nissl stain (Fig. 2). At this time point the core of the 
lesion was already almost entirely devoid of GFAP 
immunofluorescence (Fig. 1). No increase in GFAP 
expression was observed in the perilesional tissue 
compared both to contralateral cortex of the lesioned 
brain and to ipsilateral cortex of sham operated rat. 
One day post lesion a marked increase of GFAP 
immunofluorescence could be visible close to the 
infarct (Fig. 1) GFAP-positive astrocytes were form-

ing a wide rim (1–1.2 mm) around the lesion core. In 
most animals a local edema was seen at that time in 
the area of infarct (Fig. 3). In other the swelling was 
definitely less distinct (Fig. 1). At day 4 the rim 
became more pronounced (Fig. 1). Seven days post 
stroke Nissl stain revealed the core of the lesion 
densely packed with darkly stained cells. The GFAP 
immunofluorescence next to the infarct increased and 
further reduced in width starting to form a glial scar. 
At later stages (28 and 60 days post lesion) the 
enhanced GFAP expression confined to a thin layer of 
morphologically polarized astrocytes located close to 
the boundary of the injury, corresponding to glial scar. 
The branches of the cells were arranged parallel to 
each other and perpendicularly to the infarct bound-
ary. Together with glial scar formation, a considerable 
shrinkage of lesion core was observed (Fig. 1), con-
firming the results of Shanina and coauthors (2005).

Remote areas

Elevation of GFAP expression was observed in 
almost entire ipsilateral hemisphere. A considerable 
increase of GFAP immunofluorescence in remote cor-
tical areas was first observed as soon as 4 day post 
lesion (Fig. 4). In motor and somatosensory areas of 
frontoparietal cortex (FrPaM and FrPaSS) 0.2 mm 
from Bregma the increase could be observed through-
out all thickness of the cortex, although the most pro-
nounced effect was found in layers IV-VI (Fig. 4). Four 
and 7 days after the lesion the GFAP expression in the 

Fig. 2. Representative photomicrographs of cortical layer IV 
of cresyl violet stained sections from sham – operated and 
photothrombosis – subjected rat brains (4 h, 7 and 60 days 
post lesion). As soon as 4 hours post lesion a prominent loss 
of cells can be observed. At day 7 the lesion is filled with 
strongly stained cells, presumably microglia, whereas at day 
60 only few weakly stained cells are visible. Note that 7 and 
60 days after the lesion the staining appears normal on the 
contralateral side. Scale bar is 60 µm. 

Fig. 3. A representative example of Nissl-stained section 
from rat sacrificed 24 h after photothrombotic infarct. Notice 
lack of staining in the infarct core and substantial but local 
edema in the ipsilateral hemisphere. Scale bar is 2 mm.
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Fig. 4. GFAP immunoreactivity in coronal sections of rat brains subjected to photothrombotic stroke 4 h, 1, 4, 7, 28 and 60 
days after the lesion (representative examples). Left two columns illustrate sections from the level of striatum and frontal 
cortex. Note the increase of GFAP immunostaining starting 1 day post-stroke and still persisting after 60 days. Right two 
columns illustrate GFAP immunoreactivity at the level of visual cortex. The most pronounced effect is observed 4 and 7 days 
post lesion. Scale bar is 2 mm. 
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ipsilateral FrPaM and FrPaSS cortices reached maxi-
mum (Fig. 4). Twenty eight days after photothrombosis 
differences between ipsilateral and contralateral corti-
ces were still visible, particularly at the level of stria-
tum (Fig. 4). The influence of photothrombotic infarct 
was also observed in cortical areas posterior to stroke 
(Bregma −5.8). These areas corresponded to primary 
and secondary visual cortices. The most profound 
effect was observed 4 and 7 days post lesion (Fig. 4). 
No changes in GFAP level in homotopic areas of the 
contralateral, unlesioned cortex were observed (Fig. 4) 
as well as no apparent histological aberrations were 
found in these areas (Fig. 2). 

Astrocytic GFAP response was observed also in 
other brain structures, especially in limbic areas. In 
amygdala a prominent increase was observed. The 
increase could be clearly distinguished in lateral and 
basolateral nuclei. This effect was transient and the 
maximum expression was observed 4 days post lesion 
(Fig. 5). Less distinct, but still clearly visible increase 
of GFAP expression was observed in ipsilateral hip-
pocampus, 1 day after stroke (Fig. 6). The astrocytosis 
was observed in all layers of the hippocampus; how-
ever the strongest GFAP immunofluorescence was 
present directly beneath the infarct core (Fig. 6). Up to 
day 4 the activation of GFAP expression declined and 

was observed only in upper layers of CA1. Later, the 
pattern and intensity of immunofluorescence returned 
to control levels. We did not notice any astrocytic acti-
vation in the contralateral hippocampus at any of time 
points examined (not shown).

Microglia activation

In contrast to astrocytic activation, microglial 
response was local, confined to the core and neighbor-
ing perilesional cortex. First activated IB4-positive 
cells were observed in the infarct core within 24 hours 
after photothrombosis (Figs 7, 8). They were oval in 
shape and localized within the infarct core, but close to 
its inner boundaries. These cells probably infiltrated 
the core from peri-infarct cortex as few microglial cells 
were observed near the lesion compared to remote cor-
tical areas (Fig. 8). On day 4 the microglial reaction 
had intensified. Isolectin IB4 binding delineated numer-
ous ameboid and round cells accumulating in the 
infarct core. At this time point no spatial overlapping 
between activated astrocytes and microglia could be 
observed as no IB4-positive were visible in areas adja-
cent to the boundary, occupied by reactive astrocytes 
(Figs 7, 8). From day 7 ameboid cells were present 
throughout the entire lesion in the infarct zone  

Fig. 5. Immunoreactivity for GFAP in amygdalar nuclei 4 days post lesion. GFAP was elevated in ipsilateral amygdala. (La) 
lateral nucleus; (BL) basolateral nucleus. Scale bar is 200 µm. 
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Fig. 6. Changes in GFAP immunorectivity in the ipsilateral hippocampus after different survival times after stroke. (Upper 
panel) after 4 hours no obvious alterations in GFAP immunoreactivity was observed. Note strong increase in immunostaining 
1 day post stroke. The effect was transient and disappeared 4 days later. (Lower panel) high power microphotographs of CA3 
field show details of GFAP increase. (cc) corpus callosum; (or) stratum oriens; (pyr) stratum pyramidale; (rad) stratum 
radiatum; (lac) stratum lacunosum moleculare. Scale bars are 500 µm (upper panel) and 100 µm (lower panel). 
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(Figs 2, 7, 8). Around the lesion highly activated stel-
late microglial cells, mingled with glial scar-forming 
astrocytes were observed (Fig. 8). At later stages (28 
and 60 days post lesion) the microglial reaction 
declined. Only few, single ameboid cells could be dis-
cerned within the mass of entangled blood vessels. 
Microglial reaction was also present along callosal 
fibers (Fig. 7) reflecting secondarily degenerating 
fibers tracts. 

DISCUSSION

In this study we further characterized a photothrom-
botic model of ischemic stroke in rats. We found that 
massive astrocytic response developed not only in 
vicinity of the lesion but also in distant areas from the 
infarct. The reactive astrocytes were observed in 
remote frontal cortical regions (at the level of striatum) 
and in caudal region (at the level of striate cortex). 
Beside neocortical areas other structures such as hip-
pocampi and amygdalae showed a transient increase in 
GFAP immunoreactivity. The spatiotemporal pattern of 
reactive astrocytes after the pial vessel disruption 
model of irreversible focal ischemic lesion in rat was 
investigated by Wang and Waltz (2003) up to day 6 
after injury. This study focused on area close to the 
lesion and areas more distal to the lesion that repre-
sented so called remote gliotic response. In fact, these 
distal areas were only examined 1mm lateral to the 
boundary of the lesion. Schroeter and others (1995) 
showed the increased expression of GFAP beginning 
3  days after photothrombosis, persisting after 6 days 
and disappearing 14 days post infarct. Again, in this 
study, the analyzed areas were localized lateral to the 
lesion core, at the level of infarct only. 

There are some studies showing contralateral effect 
of photothrombotic stroke in the cortex. For example, 
Jablonka and Kossut (2006) indicated that after the 
stroke the intact hemisphere shows higher metabolic 
activation in several cortical regions. Interestingly, we 
did not find any changes in GFAP level of the contral-
ateral, unlesioned side, in contrast to studies of Bidmon 
and colleagues (1998), who observed some increase in 
GFAP staining in homotopic areas of the contralateral 
cortex. The authors state that the increase they observed 
was merely “slight”, despite substantial injury. One 
possible explanation of these discrepancies is that, in 
our conditions, the infarct was substantially smaller, so 
corpus callosum was spared and commissural fibers 

were not affected by photothrombosis. It is plausible 
that the contralateral effect of photothrombotic stroke 
is highly dependent on the infarct size and depth. 

Besides, the contralateral effect may be due to 
edema and changes in intracranial pressure rather, than 
to the infarct in the ipsilateral cortex (Witte et al. 
2000). In our experiments the edema was very local. 
We suppose that the impact of the edema on the con-
tralateral cortex was not strong enough to elicit GFAP 
increase. Moreover, we showed that photothrombotic 
stroke did not change the level of D1 dopamine recep-
tor binding sites in the homotopic contralateral cortex 
(Rogozinska and Skangiel-Kramska 2005). In other 
studies the contralateral cortex served directly as refer-
ence area in brains subjected to focal stroke (Schroeter 
et al. 2001, Yao et al. 2005, Rojas et al. 2006). 

Little attention had been given to the ischemic 
insult-induced astrocytic reaction in other brain areas. 
Olson and McKeon (2004) described elevation in 
GFAP levels in the contralateral hippocampus 3 days 
after unilateral hypoxia/ischemia. We showed transient 
but substantial increase in GFAP expression in the ipsi-
lateral hippocampus one day after the stroke. This 
discrepancy results probably from differences in exper-
imental model employed. In our experiments, astrogli-
otic reaction in the hippocampus was rather the result 
of an edema observed within lesioned hemisphere, 
than direct ischemic insult of hippocampal area. It was 
short-lasting and not accompanied by microglial acti-
vation. In the case of hypoxia/ischemia model, the 
contralateral effect was secondary, probably triggered 
by loss of axonal projections to the contralateral hip-
pocampus. 

To our knowledge, no studies had been done on the 
effects of cortical photothrombotic stroke on amygda-
lar expression of GFAP. We showed a marked increase 
in GFAP level in lateral and basolateral nuclei 4 days 
post lesion. There is evidence, however, that, in MCAO 
model, ischemia activates gene expression in amygda-
la. Allen and coauthors (1995) and Cheung and others 
(1995) showed that neuropeptide Y staining was sig-
nificantly increased in the basolateral nucleus of the 
amygdala, ipsilateral to the middle cerebral artery 
occlusion. Moreover, corticotropin-releasing hormone 
mRNA was also up-regulated in the amygdala, 60 min 
following MCAO (Wong at al. 1995). We presume that 
the observed increase in GFAP expression is due to 
activation of amygdalar nuclei by massive inputs from 
insular and parietal cortices (McDonald 1998), as these 
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cortical areas are strongly activated by spreading 
depression. Interestingly, we did not observe any 
increase in GFAP immunofluorescence in thalamic 
nuclei although various effects, such as neurodegener-
ation or activation of gene expression were observed 
by other groups (Herrera and Cuello 1992, Figueiredo 

at al. 1995, Sulejczak et al. 2004). The lack of thal-
amic reaction is probably attributable to small lesion 
size, sparing callosal fibers and not resulting in retro-
grade degeneration of thalamocortical axons.

The mechanism of astroglial activation in remote 
brain areas is not quite elucidated. Schroeter and col-

Fig. 7. Comparison of astroglial and microglial response at the infarct site 1, 4, 7, and 60 days after photothrombosis as revealed 
by double immunofluorescence. Note that 4 days post lesion GFAP (red) is spatially separated from IB4 staining (green). GFAP 
was observed outside the lesion whereas microglia were concentrated inside the infarct, near its border. Seven days after stroke 
activated microglia invade the area occupied by reactive astrocytes. At day 60 no reactive microglia could be observed around 
the lesion. Scale bar is 200 µm. 
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Fig. 8. Double immunofluorescence for astrocytes stained for GFAP and microglia stained with IB4 1 (A–C), 4 (D–F), 
and 7 (G–K) days after photothrombosis. (A) shows staining in area close to the infarct. Note the lack of IB4 – positive 
microglial cells. Green immunofluorescence refers to non-specific staining of blood vessels. IB4-positive ameboid cells 
were present in the infarct core, but close to its boundary (B). In areas remote to the lesion numerous ramified micro-
glial cells could be found [arrowheads in (C)]. (D) shows reactive astrocytes close to the lesion border. Four days after 
the lesion still no IB4-positive microglia could be seen in this area. (E) shows the area of the lesion contiguous to non-
lesioned tissue, with numerous ameboid microglial cells. In the very center of the lesion only few such cells could be 
found [arrowheads in (F)]. Seven days after lesion in cortical tissue surrounding the infarct both activated astrocytes 
and microglia could be observed (G). The core of the infarct was filled with ameboid cells (H). In remote cortical areas 
resting ramified microglia and numerous fibrous astrocytes were present (I). (J, K), high power microphotographs 
showing the details of the structure of microglia from the perilesional area (J), and infarct core (K). Large scale bar is 
100 µm (A–I); small scale bar is 10 µm (J–K).
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leagues (1995) suggest that remote astrogliosis is 
triggered by the episodes of transient suppression of 
cortical activity, propagating in a wavelike fashion, 
called spreading depression (SD), occurring in 
response to ischemic insult (Dietrich et al. 1994). 
This idea is supported by the fact that blocking 
NMDA receptors with MK-801 suppresses SD and 
abolishes the increase in GFAP expression in the 
lesioned hemisphere (Schroeter et al. 1995, Yamashita 
et al. 1996). 

We found with the lectin histochemistry, that acti-
vated microglial cells were abundant in the vicinity of 
the infarct as soon as 24 hours after stroke. Because it 
is not possible to distinguish between resident and 
blood derived macrophages we were not able to iden-
tify the source of this ameboid IB4-positive cells. It 
seemed however, that at least part of this population 
was of microglial origin, because the neighboring 
areas of the cortex were strikingly “empty” during 
first few days after stroke as if all microglial cells 
migrated into boundary of the lesion. Moreover, stud-
ies in transgenic chimeric mice with GFP-expressing 
bone marrow-derived cells showed that infiltrating 
macrophages were observed in later stages of lesion 
development and the vast majority of macrophages in 
the infarct area were of local origin (Schilling et al. 
2003, Denker et al. 2007). No microglial reaction was 
observed in remote regions both in lesioned and con-
tralateral hemispheres. These results are in contrast to 
the changes reported after middle cerebral artery 
occlusion by Morioka and coauthors (1993), who 
found that the contralateral cortex and hippocampus 
showed the presence of activated microglia. The rea-
sonable explanation of these discrepancies is the dif-
ference of the method used. MCAO leads to large 
infarctions including subcortical areas, thus produc-
ing many secondary effects and a very strong glial 
response whereas photothrombotic lesion is usually 
confined to the cortex. Neither our data confirmed 
earlier reports by Morioka and others (1993) and 
Schroeter and coauthors (1999) that after photothrom-
botic lesion activation of microglia occurred in sub-
cortical areas at the level of infarct. At all examined 
levels we did not observe activation of microglia as 
revealed by isolectin B4 staining. We would attribute 
these dissimilarities to small but important differences 
in experimental conditions, resulting in larger infarcts 
affecting strongly subcortical white matter (e.g. Fig 3 
in Schroeter et al. 2002). 

CONCLUSIONS

Our data demonstrated a widespread astrocytic 
response in non-ischemic areas of the brain subjected 
to unilateral photothrombotic lesion, in contrast to 
strictly defined microglial reaction, limited to the per-
ilesional area. The nature of this astrocytic response is 
still elusive and requires extensive investigation. On 
the one hand, astrogliosis may contribute to damage by 
propagation of SD waves and by excreting detrimental 
substances. On the other hand, reactive astrocytes are 
thought to produce potentially neuroprotective growth 
factors and cytokines. Thus, the precise characteriza-
tion of the extent of astrocytic response to stroke 
appears to be of a great importance.
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