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Anti-inflammatory drug ibuprofen decreases the β-amyloid (Aβ) deposition and associated inflammation in
transgenic Alzheimer disease mice. Based on this, we studied whether ibuprofen could modulate the
secondary pathology described in the thalamus of middle cerebral artery occlusion (MCAO) rats. Our
hypothesis was that ibuprofen could decrease inflammatory reaction and Aβ load in the thalamus of MCAO
rats, which in turn is reflected in improved behavioral outcome. Forty male Wistar rats (250–340 g) were
subjected to sham-operation or transient occlusion of the right middle cerebral artery (120 min). Ibuprofen
(40 mg/kg/day, per os) was administrated for 27 days beginning the treatment on post-operative day 2. MCAO
controls were given vehicle. Sensorimotor impairment was assessed using the limb-placing, tapered ledged
beam-walking and cylinder tests during the follow-up. The rats were perfused for histology on postoperative
day 29. Histological data showed that ibuprofen did not affect Aβ or calcium load in the thalamus of MCAO
rats. In addition, behavioral tests did not show significant difference between vehicle- and ibuprofen-treated
MCAO rats. The present data do not support the idea that ibuprofen reduces the secondary Aβ/calcium
pathology in the thalamus or associated sensorimotor impairment following cerebral ischemia.
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1. Introduction

Inflammation in the brain after injury is a complex process
characterized by astrogliosis, migration of macrophages, activation of
microglia and increased release of immune mediators and cytokines
such as interleukins, tumor necrosis factor, and prostaglandins in the
brain (Akiyama et al., 2000; Hurley et al., 2002; Stewart et al., 1997).
Inflammatory changes are also observed in remote areas with
synaptic connections to the primary lesion such as the thalamus
(Block et al., 2005). Astroglial and microglial activation is detected in
the thalamus already 24 h after focal cerebral ischemia (Rupalla et al.,
1998) persisting up to 6 months (Watanabe et al., 1998). Temporally
this is associated with anterograde and retrograde degeneration
(Sorensen et al., 1996), which leads eventually to a severe shrinkage
of the thalamus. In addition, we recently demonstrated overlapping
aggregation of amyloid precursor protein (APP), β-amyloid (Aβ) and
calcium in the thalamus of rats subjected to transient middle cerebral
artery occlusion (MCAO) (Mäkinen et al., 2008; van Groen et al.,
2005). Interestingly, the deposits were surrounded by astrocytes and
microglia indicating an intriguingly similar pathology between
cerebral ischemia and Alzheimer's disease (AD) (Itagaki et al., 1989;
Willuweit et al., 2009).

Increasing evidence shows that chronic administration of non-
steroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen may
provide neuroprotection against excitotoxic neuronal injury in vitro
(Iwata et al., 2010) and ischemic damage in vivo (Antezana et al., 2003;
Cole et al., 1993). Ibuprofen also reduces the formation of Aβ plaques in
the transgenic ADmice and improves functional outcome in association
with a reduction of inflammatorymediators (Lim et al., 2000, 2001; Yan
et al., 2003). Eriksen et al. (2003) showed a significant correlation
between reduced Aβ42 and ibuprofen in cell cultures. It is also suggested
that non-steroidal anti-inflammatory drugs lower amyloid pathologyby
a shift in γ-secretase activity (Lleo et al., 2004; Weggen et al., 2001). In
addition, inhibition of mitochondrial Ca2+ overload by NSAIDs may
prevent Aβ toxicity (Sanz-Blasco et al., 2008). Another study suggests
that ibuprofen protects ischemia-induced neuronal injury via up-
regulating interleukin-1 receptor antagonist expression (Park et al.,
2005).

Pharmacological intervention reducing inflammation and/or
secondary neurodegeneration in the thalamus leads to functional
improvement (Freret et al., 2006; Gopez et al., 2005; Zhang et al.,
2011). Given the strong inflammatory reaction in the thalamus
following cerebral ischemia, we studied whether chronic ibuprofen
treatment prevents the thalamic pathology in MCAO rats and
whether this in turn is reflected in improved sensorimotor recovery.

http://dx.doi.org/10.1016/j.pbb.2011.04.019
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2. Material and methods

2.1. Animals

Male Wistar rats (Laboratory Animal Centre, Kuopio, Finland)
weighting 251–359 g were used in this study. The rats had free access
to food (2016S, Teklad) and water throughout the experiment and
were housed under 12:12 h light/dark conditions in a temperature-
controlled environment (20±1 °C). All animal procedures were
approved by the Animal Ethics Committee (Hämeenlinna, Finland)
and conducted in accordance with the guidelines set by the European
Community Council Directives 86/609/EEC. All efforts were made to
minimize the number of animals used and to ensure their welfare.

2.2. Middle cerebral artery occlusion

Focal cerebral ischemia was induced by the intraluminal filament
technique (Longa et al., 1989). Anesthesia was induced in a chamber
using 5% halothane in 30% O2/70% N2O. A surgical depth of anesthesia
was maintained throughout the operation with 0.9–1.3% halothane
delivered through a nose mask. Body temperature wasmonitored and
maintained at 37 °C using a heating pad connected to a rectal probe
(Harvard Homeothermic Blanket Control Unit). The right common
carotid artery was exposed through amidline cervical incision under a
surgical microscope and gently separated from the nerves. The
external carotid artery was closed with a suture and cut with
microscissors and electrocoagulated. A heparinized nylon filament
(diameter 0.25 mm, rounded tip) was inserted into the stump of the
external carotid artery. The filament was advanced 1.8–2.1 cm into
the internal carotid artery until resistance was felt. The filament was
held in that place by tightening the suture around the internal carotid
artery and placing a microvascular clip around the artery. After
120 min of occlusion, the filament was removed and the external
carotid artery was permanently closed by electrocoagulation. The
sham-operated rats were treated in a similar manner, except the
filament was not placed into the internal carotid artery. Buprenorfin
(0.03 mg/kg, s.c.) was used to relieve postoperative pain. In addition,
supplemental 0.9% NaCl (i.p.) and softened food pellets were given to
prevent weight loss.

2.3. Study design and drug treatment

Two days after surgery, a modified version of the limb-placing test
(Jolkkonen et al., 2000; Puurunen et al., 2001) was used to verify
successful ischemia (see Fig. 1). Only those MCAO rats with total score
less than 10 and thus severe corticostriatal damage (Jolkkonen et al.,
2000; Puurunen et al., 2001) were included in the study. Based on the
limb-placing scores the animalswere assigned tobehaviorally equivalent
Fig. 1. Study design. Before operation, animals were trained to perform the tapered/ledged be
points during the follow-up. Vehicle or ibuprofen (40 mg/kg/day) treatment started on pos
experimental groups: MCAO+ibuprofen (n=8), MCAO+vehicle
(n=11), SHAM+vehicle (n=5) and SHAM+ibuprofen (n=4).
Ibuprofen (Cayman Chemical Company, MI, USA) was dissolved in
polyethylene glycol (Macrogol 400, Fargon) and administrated at a dose
of 40 mg/kg (10 ml/kg, p.o.) once a day. The selected dose has been
shown to attenuate inflammatory reaction following various brain
insults without gastrointestinal effects (Lim et al., 2000, 2001;
Richardson et al., 2002). Vehicle controls were administered at identical
volume of Macrogol 400 (10 ml/kg). The drug treatment started on
postoperative day 2 to avoid interference of the maturation of acute
ischemic damage.

2.4. Behavior assessment

Behavior tests selected for the study are sensitive to detect
treatment effects and not affected by repeated testing. In MCAO rats, a
spontaneous recovery of function is typically seen in the limb-placing
test whereas the sensorimotor impairment is more permanent when
beam-walking and cylinder tests are applied. All behavioral tests and
analyses were carried out in blind manner.

2.4.1. Limb-placing test
The modified version of the limb-placing test was used to assess

forelimb and hindlimb responses to tactile and proprioceptive
stimulation. The rats were habituated for handling and tested before
operation and on postoperative days 2 to 5 and 7, 10, 14, 19, 21 and 28
(Fig. 1). The test consisted of seven limb-placing tasks which assess
forelimb and hindlimb responses to tactile and proprioceptive
stimulation. Tactile stimulation was elicited by contacting the limb
being tested with a table surface and proprioceptive stimulation
elicited by pulling down the limb being tested. The following scores
were used: 2 points, normal response; 1 point, delayed and/or
incomplete response; 0 points, no response. The maximum score was
14. Both sides of the body were tested.

2.4.2. Beam-walking test
Sensorimotor functions of hindlimbs were tested using a tapered/

ledged beam (Zhao et al., 2005). The rats were pretrained for 3 days to
traverse the beam before operation. The beam-walking apparatus
consists of a tapered beam with underhanging ledges on each side to
permit foot faults without falling. The end of the beam is connected to a
black box (20.5×25×25 cm) with a platform at the starting point. A
bright light is placed above the start point to motivate the rats to
traverse the beam. Each rat's performance was videotaped and later
analyzed by calculating the slip ratio for the impaired (contralateral to
lesion) forelimb and hindlimb. Themore slips indicates a greater degree
of impairment. Steps onto the ledge were scored as a full slip and a half
slipwasgiven if the limb touched the side of the beam. The slip ratiowas
am-walking test. Behavioral assessment was carried out at baseline and at selected time
toperative day 2. At the end of the follow-up, rats were sacrificed for histology.



Fig. 2. Body weight following middle cerebral artery occlusion (MCAO) in rats. MCAO
rats showed a severe weight loss (pb0.001, MANOVA). Ibuprofen treatment seemed to
decrease body weight both in sham-operated and MCAO rats.
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calculated as: [(full slips+1/2×half slips)/total steps] ×100%. The
mean of three trials was used for statistical analyses.

2.4.3. Cylinder test
The cylinder test was used to assess the imbalance between the

impaired and non-impaired forelimb use (Karhunen et al., 2003). For
the test, the rat was placed in a transparent cylinder (Ø 20 cm) and
videotaped during the light part of the light/dark cycle. A mirror was
placed at 45° angle beneath the cylinder so that behavior could be
filmed from below the cylinder. Exploratory activity for 1 to 3 minwas
analyzed by using a recorder with slow motion capabilities. The
number of contacts by both forelimbs and by either impaired or
unimpaired forelimb was counted. Cylinder score for impaired
forelimb was calculated as: [(contralateral contacts+1/2×bilateral
contacts) / total contacts] ×100%.

2.5. Histology

Rats were perfused transcardially on postoperative day 29 with
0.9% NaCl followed by 4% paraformaldehyde in 0.1 mol/L phosphate
buffer, pH 7.4. The brains were removed from the skulls, postfixed,
and cryoprotected. Frozen sections (40 μm) were cut with a sliding
microtome and stored in a cryoprotectant tissue collection solution
at −20 °C. Glial fibrillary acidic protein (GFAP) was stained as a
marker for astrocytes (mouse anti-GFAP, Sigma, St. Louis, USA) and
OX-42 as a marker of microglia (mouse anti-rat CD11b, Serotec,
Oxford, UK). Thalamic accumulation of Aβ was examined using a
rodent-specific antibody (rabbit anti-rodent Aβ3-16, #9151; Covance,
USA). The sections for Aβ staining were pretreated for 30 min with
hot (85 °C) citrate buffer. Then sections were transferred to a solution
containing the primary antibody (GFAP at 1:1000, OX-42 at 1:4000 or
Aβ at 1:5000) and Tris buffered saline with 0.5% Triton X-100 (TBS-T).
After incubation in this solution overnight on a shaker table at room
temperature (20 °C) in the dark, the sections were rinsed three times
in TBS-T and transferred to a solution containing the secondary
antibody (sheep anti-mouse Ig*biotin; Serotech or goat anti-mouse*-
biotin; Sigma or goat anti-rabbit Ig*biotin, Chemicon). After 2 h, the
sections were rinsed three times with TBS-T and transferred to a
solution containing mouse ExtrAvidins (Sigma), and then incubated
for approximately 3 min with diaminobenzidine (van Groen et al.,
2005).

Calcium was stained with Alizarin red method (Mäkinen et al.,
2008). Sections were mounted on gelatinized glass and immersed in
2% (w/v, distilled water, pH 4.1 to 4.3) Alizarin Red (Merck,
Darmstadt, Germany) for 30 s followed by a rinse in distilled water.
Sections were quickly dehydrated with acetone and xylene and
mounted in Depex.

2.6. Quantification of inflammation markers and Aβ and calcium load in
the thalamus after MCAO

An image analysis system (MCID) and a DAGE MTI CCD-72 series
camera were used to quantify activated astrocyte (GFAP) and
microglia (OX-42) and Aβ and calcium load in the thalamus. The
digitized imagewas displayed on a video screen and converted to gray
scale, after which the thalamus was manually outlined and optical
densities above the threshold levels (background taken from
contralateral thalamus) were recognized automatically by the image
analysis system. The areal value was taken for statistical analysis.

2.7. Assessment of infarct volumes

Infarct volumes were measured using an image analysis system
(MCID) from Nissl-stained sections collected at 0.4 mm intervals. The
image of each section was taken as 1280×1024 matrix of calibrated
pixel units. Thedigital imagewas displayedon a video screen and areas
of surviving graymatter in the cortex and striatumwere outlinedwith
a mouse-controlled cursor separately for each hemisphere. The
difference between the size of an outlined area in the contralateral
hemisphere and the respective residual area in the ipsilateral
hemisphere was taken as the infarcted area. The total infarct volume
was calculated bymultiplying the infarct area by the distance between
the sections and summing together the volumes for each brain.

2.8. Statistics

SPSS software was used in statistical analysis. Differences in the
infarct volumes, calcium staining and immunohistochemistry between
vehicle controls and ibuprofen-treated MCAO rats were analyzed using
one-way analysis (ANOVA, LSD). Differences in the limb-placing scores
between experimental groupswere analyzed byMann–WhitneyU-test.
Therewasno significantdifference between sham-operated rats treated
with vehicle or ibuprofen thus these rats were pooled for statistical
analysis. Body weight, beam-walking and cylinder data for the overall
group effect were analyzed using analysis of variance for repeated
measures (MANOVA). Comparisons between groups were then made
using one-way ANOVA followed by a post hoc test (LSD).

3. Results

3.1. Mortality and adverse effects

From 40 operated rats, 11 died. Seven rats died within 48 h after
operation, with themain reason being hemorrhage and severe edema.
ThreeMCAO rats treatedwith ibuprofen had to be euthanized because
of severeweight loss. One sham-operated animal died because of a per
os administration related complication. One MCAO rat was excluded
from the study because the animal did not show sufficient behavioral
deficit in the limb-placing test (more than 10 points).

During the course of the study animals were daily observed and
weight wasmeasured (Fig. 2). MCAO rats lost weight (20%) during the
first postoperative days. In addition, at later time points ibuprofen
treatment seemed to decrease body weight both in sham-operated as
well in MCAO rats (4–8%).

3.2. Infarct volumes and inflammatory response in the thalamus
following MCAO

Infarct size in the cortex and striatum was measured from Nissl-
stained sections in MCAO rats after the 29-day follow-up. There was
no significant difference in infarct size between vehicle and

image of Fig.�2


Fig. 3. Infarct volumes following middle cerebral artery occlusion (MCAO) in rats.
Infarct volumes as assessed from Nissl-stained sections were not different between the
treatment groups. A maximal infarct size at the coronal level taken for histology is
illustrated (Paxinos and Watson, 1997).
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ibuprofen-treated rats (Fig. 3A). Note that the thalamus was spared
from acute ischemic damage because of its blood supply through the
posterior cerebral artery.

Astrocyte and microglia activation in the thalamus was measured
from GFAP and OX-42 stained sections, respectively. A robust increase
in both GFAP (Fig. 4) and OX-42 (Fig. 5) staining was evident in the
ipsilateral thalamus and areas adjacent to the infarct. Ibuprofen
treatment (40 mg/kg/day) seemed to increase OX-42 staining
(pb0.05) compared to vehicle treatment.

3.3. Aβ deposits in the thalamus following MCAO

Rodent specific Aβ antibody was used to reveal the amyloid
deposits in the thalamus. Aβ staining was observed only in the
ipsilateral ventromedial (VM), ventrolateral (VL), ventroposteriome-
dial (VPM), and ventroposteriolateral (VPL) nuclei in MCAO rats
(Fig. 6). There was a statistically significant difference between the
sham-operated and MCAO animals (pb0.05), but not between
vehicle-treated and ibuprofen-treated MCAO animals.

3.4. Calcium accumulation in the thalamus following MCAO

Consistentwith our previous studies (Hiltunen et al., 2009;Mäkinen
et al., 2008), a significant increase of calcium staining was seen in the
thalamus after MCAO (Fig. 7). There was only a statistically significant
difference between sham-operated and MCAO animals (pb0.05).
Fig. 4.GFAP staining as amarker of glial activation followingmiddle cerebral artery occlusion
(mean±SEM; **pb0.01; ***pb0.001). A robust GFAP staining in the ipsilateral thalamus and
images from B) a sham-operated rat, C) an MCAO rat treated with vehicle and D) an MCAO
3.5. Behavioral data following MCAO

3.5.1. Limb-placing test
The limb-placing test showed that MCAO rats were initially

severely impaired followed by partial recovery (Fig. 8). A significant
overall group effect was explained by the difference between sham-
operated and MCAO rats throughout the follow-up (pb0.01). MCAO
groups did not differ from each other.

3.5.2. Beam-walking test
Tapered/ledged beam-walking test was used to assess hindlimb

function. A significant overall group effect was a consequence of
MCAO rats making significantly more slips compared to sham-
operated rats (pb0.05) (Fig. 9). There was no difference between
vehicle-treated and ibuprofen-treated MCAO rats.

3.5.3. Cylinder test
Spontaneous forelimb use was assessed by the cylinder test at

baseline, and 7, 14 and 28 days after MCAO. There was a significant
overall group effect in spontaneous forelimb use (Fig. 10). This was
due to a severe impairment of MCAO rats (pb0.05). Vehicle-treated
and ibuprofen-treated MCAO rats did not differ from each other.

4. Discussion

Focal cerebral ischemia in the cortex evokes inflammatory
responses in the perilesional areas. The thalamus is spared from
acute ischemic damage because of blood supply through the posterior
cerebral artery. However, because of its synaptic connections, delayed
damage to various thalamic nuclei occurs. This secondary damage is
associated with anterograde and retrograde degeneration and robust
inflammatory response, which are followed by accumulation of Aβ,
impaired calcium homeostasis and sensorimotor deficits. In the
present study we investigated whether chronic treatment with non-
steroidal anti-inflammatory drug, ibuprofen, prevents the thalamic
pathology in MCAO rats and whether this is reflected in sensorimotor
behavior.

4.1. Effects of ibuprofen on infarct volumes and inflammatory response
in the thalamus following MCAO

Ibuprofen reduces infarct volumes in rats subjected to transient
MCAO (Antezana et al., 2003; Cole et al., 1993). In the present study,
the drug treatment was started on postoperative day 2 to avoid
interference of the maturation of acute ischemic damage and to target
the delayed secondary pathology. Thus, the infarct volumes in the
(MCAO) in rats. A) The area of staining in the thalamus wasmeasured by image analysis
cortex adjacent to the infarct was observed in MCAO rats. Representative pseudocolor
rat treated with ibuprofen.

image of Fig.�3
image of Fig.�4


Fig. 5. OX-42 staining as a marker of microglia activation following middle cerebral artery occlusion (MCAO) in rats. A) The area of staining in the thalamus was measured by image
analysis (mean±SEM; *pb0.05; **pb0.01; ***pb0.001). B) Representative pseudocolor images from a sham-operated rat, C) an MCAO rat treated with vehicle and D) an MCAO rat
treated with ibuprofen.

Fig. 6. Aβ accumulation in the thalamus after middle cerebral artery occlusion (MCAO) in rats. A) The area of staining in the thalamus was measured by image analysis (mean±SEM).
Statistical analysis showeda significant increaseof Aβ immunoreactivity in the ipsilateral thalamus29 days afterMCAO inbothvehicle-treatedand ibuprofen-treatedMCAOrats compared
to sham-operated rats (*pb0.05). Representative pseudocolor images are from B) a sham-operated rat, C) anMCAO rat treated with vehicle and D) anMCAO rat treated with ibuprofen.
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cortex and striatum were not different between MCAO rats treated
with vehicle or ibuprofen.

The inflammatory response in the thalamus is delayed compared to
that in perilesional areas in rats subjected to MCAO (van Groen et al.,
Fig. 7. Calciumaccumulation in the thalamus aftermiddle cerebral artery occlusion (MCAO) in r
Alizarin red staining29 days afterMCAOshowedasignificant increase incalciumaccumulation in
to sham-operated rats (*pb0.05). Representative pseudocolor images from B) a sham-operated
2005). Early signs of astroglia and microglia activation are seen 3 days
afterMCAO (Loos et al., 2003; Rupalla et al., 1998; Sorensen et al., 1996).
The degeneration of corticothalamic axon terminals is thought to trigger
an inflammatory response (Acarin et al., 1999). The number of activated
ats. A) The area of staining in the thalamuswasmeasured by image analysis (mean±SEM).
the ipsilateral thalamus inbothvehicle-treatedand ibuprofen-treatedMCAOrats compared
rat, C) an MCAO rat treated with vehicle and D) an MCAO rat treated with ibuprofen.

image of Fig.�5
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Fig. 8. The limb-placing data following middle cerebral artery occlusion (MCAO) in rats
showed initial severe impairment that followed by a partial recovery. There was no
statistical difference between theMCAO groups. Maximum score was 14. The values are
mean±SEM.

Fig. 10. The cylinder data following middle cerebral artery occlusion (MCAO) in rats
showed initial severe impairment thatwas followed by a partial recovery of function. There
were no statistical differences between the MCAO groups. The values are mean±SEM.
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microglial cell peaks between 15 and 30 days afterMCAO (Rupalla et al.,
1998) while the number of glial cells shows a continuous increase up to
3 months after MCAO (Watanabe et al., 1998). Here we showed that
both GFAP and OX-42 staining were increased in the ipsilateral
thalamus 29 days following MCAO.

Ibuprofen treatment has been shown to decrease the number of
astroglial andmicroglial cells after various brain insults (Browne et al.,
2006; Richardson et al., 2002, 2005). Thus, we expected to see a
similar attenuation of inflammatory response in MCAO rats. The
extent or location of inflammatory response in the ipsilateral
thalamus was, however, not affected by ibuprofen. It may be that
the degree of inflammation produced by MCAO in the thalamus was
too pronounced to respond to ibuprofen treatment with the dose
applied. Another technical explanation is that the massive inflamma-
tory response may mask minor changes due to saturation of
immunoreactivity measured by image analysis.
Fig. 9. The beam-walking data following middle cerebral artery occlusion (MCAO) in rats
showed initial severe behavioral impairment that was followed by partial recovery. There
was no statistical difference between the MCAO groups. The values are mean±SEM.
4.2. Effects of ibuprofen on Aβ/calcium pathology in the thalamus
following MCAO

Previous studies have shown that ibuprofen reduces the formation
of Aβ plaques in the transgenic AD mice and improves functional
outcome in association with a reduction of inflammatory mediators
(Choi et al., 2010; Lim et al., 2000, 2001; Yan et al., 2003). In addition,
NSAIDs including ibuprofen lowers Aβ42 in vitro independently from
cyclooxygenase (COX) activity possibly by altering γ-secretase
activity (Weggen et al., 2001). Here we could not demonstrate a
significant effect of ibuprofen on Aβ pathology in the thalamus as
assessed by immunohistochemistry. One possibility is that, although
the thalamic Aβ pathology following MCAO seems to be intriguingly
similar to that in AD, the underlying primary mechanisms are
different. Particularly axonal damage following MCAO that is
associated with inflammatory reaction is not seen in AD.

We also measured whether ibuprofen had effect on calcium
accumulation that has overlapping distribution with Aβ in the
thalamus (Mäkinen et al., 2008). It has been suggested that excessive
released Aβ incorporates into neuronal membranes, forming calcium-
permeable channels (Bhatia et al., 2000; Kawahara and Kuroda, 2000)
that leads to the massive entry of Ca2+ into cells. Mitochondrial Ca2+

overload is suggested to underlie Aβ neurotoxicity in cell cultures and
NSAIDs, including ibuprofen prevent this (Sanz-Blasco et al., 2008).
Our data showed, however, that calcium accumulation is not affected
by ibuprofen. It may be that calcium accumulation in the thalamus
following MCAO leads to secondary degeneration through other
mechanisms such as inappropriate activation of proteases rather than
mitochondrial dysfunction.

4.3. Effects of ibuprofen on sensorimotor behavior following MCAO

Consistent with the histological data, we showed that ibuprofen
did not improve performance in limb-placing, beam-walking or
cylinder tests after MCAO. Previous evidence support that the
pathology in the thalamus has detrimental functional consequences.
Thalamic atrophy in MCAO rats correlates with the late sensory deficit
shown through the adhesive-removal test and tests measuring skilled
forelimb function (Freret et al., 2006). Sensorimotor outcome is also
more impaired in hAPP transgenic rats compared to wild type
littermates following cerebral ischemia and this occurs in parallel
with excessive Aβ load in the thalamus (Clarke et al., 2007). In
addition, pharmacological studies (Freret et al., 2006; Gopez et al.,
2005; Heneka et al., 2005; Kumon et al., 1996; Yamada et al., 1991;
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Zhang et al., 2011) show that delayed administration of various drugs
prevents ischemia-induced pathology in the thalamus, which in turn
is reflected in improved sensorimotor or cognitive functions.

5. Conclusion

Degeneration of corticothalamic and thalamocortical connections
seems to trigger complex secondary pathology in the thalamus
following MCAO. The present data with ibuprofen do not support the
idea that inflammation or COX independent mechanisms contribute
to the Aβ/Ca2+ aggregation in the thalamus or associated sensori-
motor impairment following cerebral ischemia.
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