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EVALUATION OF THE NEUROPROTECTIVE
EFFECT OF KETOPROFEN ON RATS SUBMITTED
TO PERMANENT FOCAL BRAIN ISCHEMIA

Manoel Nunes da Silva', Benedicto Oscar Coll/?,
Norberto Cysne Coimbra’®, Joaquim Coutinho Netto*

ABSTRACT - Objective: To study the neurobehavioral, biochemical and histopathological consequences of
permanent focal brain ischemia, and the putative neuroprotective action of ketoprofen. Method: One-
hundred-and-three Wistar rats divided into groups A and B were respectively submitted to 48 hours and 15
days of ischemia. Each group was divided into 4 subgroups: ischemic not treated, ischemic treated, sham
not treated, and sham treated. Ischemic animals had the left middle cerebral artery coagulated. Ketoprofen
was administered to treated subgroups 15 minutes before arterial coagulation (manipulation in the sham
group). Results: Exploratory activity and defecation were reduced in all ischemic animals in the first post-
operative days and constant histopathological changes were observed in each group. The total brain gluta-
mate levels were higher in treated animals 48 hours after surgery. Conclusion: No clear parallelism among
behavioral, biochemical and histopathological findings was observed. Ketoprofen demonstrated no neuro-
protective effect on the behavioral or histopathological aspects of focal permanent brain ischemia.
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Avaliagao do efeito neuroprotetor do cetoprofeno em ratos submetidos a isquemia cerebral focal perma-
nente

RESUMO - Objetivo: Estudar as consequiéncias comportamentais, bioquimicas e histopatolégicas da isque-
mia cerebral focal permanente e o possivel efeito neuroprotetor do cetoprofeno. Método: Foram utiliza-
dos 103 ratos Wistar, divididos em grupos A e B, submetidos, respectivamente, a 48 horas e a 15 dias de is-
quemia. Cada grupo foi dividido em 4 subgrupos: isquémico nao tratado; isquémico tratado; sham nao tra-
tado; sham tratado. Nos animais isquémicos foi coagulada a artéria cerebral média esquerda. Os subgrupos
tratados receberam cetoprofeno 15 minutos antes da oclusdo ou manipulacdo arterial. Resultados: Os ani-
mais isquémicos reduziram a atividade exploratéria e as evacuagdes nos primeiros dias pos-operatorios e
mostraram alteracdes histopatoldgicas constantes em cada grupo. As concentra¢des do glutamato total 48
horas ap6s a cirurgia foram maiores nos animais tratados. Conclusdo: Ndo houve um paralelismo entre os
achados comportamentais, bioquimicos e histopatoldgicos. O cetoprofeno ndo apresentou efeito protetor
contra isquemia cerebral focal permanente, nos aspectos comportamentais e histopatoldgicos.

PALAVRAS-CHAVE: isquemia cerebral focal, rato, open field, glutamato, histopatologia, neuroprotecdo, ce-
toprofeno.

Cerebral ischemia (Cl) is a frequent condition in
daily clinical practice and is an important cause of
morbidity and mortality. In neurosurgical practice, Cl
is common after subarachnoid hemorrhage, in lesions
secondary to cranioencephalic traumatism and in neu-
rovascular procedures with temporary clipping. Clini-
cal research on cerebral ischemia is limited and studies
aiming at the understanding of its physiopathology
and treatment are usually experimental. Rats are ex-
tensively used in these experimental studies because

of the morphofunctional similarities of their brain cir-
culation to that of humans™. In addition to routine
neurological examinations, experimental studies on
the behavior of rats in the open field, extensively used
in neuropsychobiological studies, less frequently has
been used to assess the effects of cerebral ischemia>®.

Glutamate, the main excitatory neurotransmit-
ter (NT) in the central nervous system (CNS), is the
most important factor aggravating the loss of ionic
homeostasis during anoxic-ischemic encephalopathy’.

Division of Neurosurgery, Department of Surgery and Anatomy, Ribeirdo Preto Medical School, University of Sdo Paulo, Ribeirdo
Preto SP, Brazil: 'Assistant Physician, Division of Neurosurgery; *Professor of Surgery, Head of the Division of Neurosurgery; 3Assistant
Professor, Department of Pharmacology; *Associate Professor, Department of Biochemistry. Research supported by CAPES.

Received 13 March 2007, received in final form 29 June 2007. Accepted 9 August 2007.

Dr. Benedicto Oscar Colli - Departamento de Cirurgia / HCFMRP / Campus Universitario USP - 14048-900 Ribeirdo Preto SP - Brasil.

978



Arqg Neuropsiquiatr 2007;65(4-A)

In the presence of ischemic injury, glutamate increas-
es rapidly in the extracellular space®, provoking sodi-
um and especially calcium inflow through ion chan-
nels having N-methyl D-aspartate (NMDA) as an ago-
nist. The increased cytoplasmic calcium concentration
triggers a cascade of inflammatory reactions that may
progress to cell death. Non-hormonal anti-inflamma-
tory agents may have a neuroprotective (NP) effect
by blocking the inflammatory response triggered by
the ischemic phenomenon, a hypothesis that was con-
firmed by the reduction in the amount of glutamate
released in the cerebral cortex of rats submitted to
ischemia and treated with indomethacin®. Ketoprofen
was demonstrated to have much more potent analge-
sic and anti-inflammatory actions™, acting centrally as
a possible antagonist of NMDA receptors, preventing
central sensitization and abolishing the hypersensitiv-
ity already installed". Its NP effect has been attributed
to antagonism of the reduction of acetylcholine re-
ceptors™. A recent study carried out at our institution
has confirmed the NP action of this drug®.

The objective of the present study was to contrib-
ute to the understanding of the pathophysiology and
treatment of Cl, with the following main goals: (a) to
evaluate the behavioral, biochemical and histopatho-
logical parameters of the model, and (b) to evaluate
the possible NP effect of ketoprofen on experimen-
tal permanent focal ischemia.

METHOD

A total of 127 Wistar rats weighing 280 to 430 g were
used. The animals were kept in an animal facility before and
after surgery, with free access to ration and water. Rules for
the prevention of animal suffering were followed during
the procedures™. Twelve (9.5%) animals, similarly distrib-
uted in groups A and B, died during surgery, 9 due to respi-
ratory depression caused by excessive ether inhalation and
3 because of severe hypotension due to blood loss. All cas-
es had cardiorespiratory arrest before the craniotomy was
performed and they suffered global cerebral ischemia that
could mislead the effects of the focal ischemia.

Twelve (9.5%) animals from group B (assessment 15 days
after the ischemia), developed postoperative wound infec-
tions starting in the third postoperative day, manifested
by local suppuration and general compromise. In all cas-
es subdural empiema and/or brain abscess were observed
macroscopically (8 cases) or on the histopathologic prepa-
rations (4 cases).

Experimental groups — The animals were divided at ran-
dom into two groups according to the duration of ischemia:
in group A the effects of ischemia were evaluated in 59 ani-
mals with and without neuroprotection after 48 hours, and
in group B the effects of ischemia were evaluated after 15
days. Each group was divided into 4 subgroups: ischemic
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not treated (INT-A and B - 12 animals each), ischemic treat-
ed (IT-A, 16 animals and IT-B, 8 animals), sham not treated
(NINT-A, 16 animals and NINT-B, 13 animals), and sham treat-
ed (NIT-A, 15 animals and NIT-B, 11 animals). The animals of
the ischemic subgroups were submitted to coagulation of
the left middle cerebral artery (MCA) and the animals of the
treated subgroup received ketoprofen, 10 mg/kg, by the in-
travenous route, 15 minutes before coagulation (ischemic
subgroups) or arterial manipulation (sham subgroups).

Preoperative evaluation — Each animal was weighed im-
mediately before the surgical procedure. Before surgery, 24
animals from group A and 44 from group B were observed
and filmed in an open field®® for 15 minutes for behavioral
evaluation. The following items were analyzed: a) number
of crossings (passing from one section of the open field to
another), number of defecations (number of fecal boluses
during the period), number of rearings of the front paws
and of half rotations (180° turns); b) rates of sniffing (explo-
ration of the environment by olfaction), of grooming (self-
cleaning) and resting (immobility in the same place). These
indices were arbitrarily assigned a score of 1 point for each
uninterrupted period of 10 seconds during which the ani-
mal engaged in that behavior. The observations were al-
ways made at night by the same observer and under the
same environmental conditions.

Coagulation of the left MCA — The MCA was approached
under ether inhalation anesthesia and spontaneous respira-
tion using the technique described by Tamura et al.’, mod-
ified”™. No antibiotics or skin antisepsis were used. Mean
arterial pressure and heart rate were recorded using a cath-
eter introduced into the caudal artery and kept at normal
values (9o to 100 mm Hg and 300 to 360 beats per minute,
respectively)®*. Temperature was monitored with a rectal
thermometer and remained at about 36.5°C, with no need
for external heating.

The frontal and temporal bones and the zygomatic arch
were exposed through a 1.5 cm vertical incision. The zygo-
matic arch was resected with a rongeur and the mandibu-
lar condyle was exposed and pushed back together with the
muscle tissues using cotton balls until the oval foramen was
exposed. A craniectomy measuring 5 mm in diameter was
performed ventrally to the oval foramen, the dura mater
was opened and the cerebral cortex was slightly dislocated
with a cotton ball in order to expose the proximal region of
the MCA. A microclip (Yasargil FD - 710 clip, Aesculap) was
applied to the proximal portion of the MCA, followed by
bipolar coagulation of the segment between the olfacto-
ry tract and the crossing with the ventral cerebral vein. The
microclip was then removed and the muscle plane and the
skin were sutured.

Postoperative evaluation — Weight was measured and
behavior in the open field was again evaluated in 55 animals
of group A and 44 animals of group B on the 1st (groups
A and B) and on the 7th and 14th (group B) postoperative
days. Group A animals were sacrificed 48 hours after surgery
and group B animals were sacrificed 15 days after surgery.
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Biochemical evaluation (glutamate determination) — To-
tal glutamate was determined in 26 animals of group A
(INT-A - 5, IT-A - 8, NINT-A - 5 and NIT-A 8) and in 22 animals
of group B (INT-B - 6, IT-B - 5, NIT-B - 7 and NINT-B - 4).

The animals were sacrificed by strangulation and the
brains were removed fresh, without perfusion or fixation.
Immediately after removal, fragments of the caudate-pu-
tamen region of each brain hemisphere were obtained, in-
dividually placed in a 0.5 mL solution of hydrochloric acid
0.01 normal, and stored in a freezer at —20°C. The samples
were submitted to high performance liquid chromatogra-
phy using a chromatograph equipped with a SHIMADZU
high pressure pump (LC-7A), a manual Rheodyne injector,
a 50 uL loop, an LDC fluorometric detector, and a Beck-
man-427 integrator-recorder. A reverse-phase column (100x4
mm), ODS-C18 Hibar-Supersphere 5 um (Merck) and a pre-
column (4x10 mm) packed with Perisorb ODS-C18 (Merck) in
our laboratory were used. The method of pre-reaction with
o-phtalaldehyde (OPA) described by Lindroth and Mopper*,
modified, was used. The result obtained by this method ex-
presses the value of glutamate concentration per unit of
brain tissue mass.

Histopathologic analysis — Histopathologic analyses were
performed in 30 animals of group A (INT-A -7, IT-A - 8,
NIT-A - 8 and NINT-A - 7), and 16 animals of group B (INT-B
- 4, IT-B - 3, NIT-B - 4 and NINT - 5).

The animals were sacrificed by massive ethyl ether in-
halation and perfused transcardiacly with 0.1 M phosphate
buffered saline solution, pH 7.3, at 4°C, followed by 4%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.3, af-
ter occlusion of the abdominal aorta. The brains were then
removed, immersed in 4% paraformaldehyde fixing solu-
tion for 4 hours, frozen at -70°C and cut into 40 pm sec-
tions in the craniocaudal direction from the prefrontal re-
gion to the mesencephalon with a cryostat (MCIROM, Type
HM 5os5 EP, Germany) at —20°C. The sections were stained
with Giemsa and analyzed qualitatively under the light mi-
croscope for the identification of the injured structures and
of the type of injury based on the atlas of Paxinos and Wat-
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son®. Next, the sections were photographed with an Axio-
phot Zeiss microscope.

Statistical analysis — The variables for each group were
analyzed by the Student t-test (weight) and the nonpara-
metric Wilcoxon test (behavioral variables and glutamate
determinations). Inter-group comparisons were made us-
ing analysis of variance (ANOVA) followed by the Tukey
post-test (weight) and the nonparametric Kruskal-Wallis test
followed by the Dunn post-test (behavioral variables and
glutamate determinations). Levels of less than 5% for two-
tailed tests were considered significant. The statistical tests
were carried out using the GrapPad Prism® 3 software, San
Diego, CA, USA.

RESULTS

Motor deficits — Gross postoperative observation
of gait and movements showed that all animals sub-
mitted to MCA coagulation had hemiparesis contral-
ateral to the ischemic hemisphere, clearly observed
just after the animals waked up from the anesthetic
procedure and remaining for the first 6 to 12 hours.

Weight changes — There was a tendency to weight
loss on the 1 postoperative day, with all subgroups
but one losing weight. This was more marked in isch-
emic than in sham and untreated animals (INT-A-B
> NINT-A-B = NIT-A-B, p=0.02, ANOVA followed by
the Tukey post-test). Temporal analysis of each sub-
group showed weight gain in all of them between
the 1st and 14th postoperative days (p<o.05, Student
t-test) and between the 7" and 14" postoperative
days (p<o.05, Student t-test).

Behavioral changes — No differences were ob-
served between subgroups (Kruskal-Wallis test) re-
garding number of episodes of crossing, defecation,
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Fig 1. Determination of glutamate in the two brain hemispheres of the animals of group A (sacrifice after 48 hours of ischemia - up-

per graph) and of group B (sacrifice after 15 days of ischemia - lower graph) and of their subgroups. RH, right hemisphere; LH, left
hemisphere; INT, ischemic not treated; IT, ischemic treated; NINT, sham not treated; NIT, sham treated, PO, postoperative.
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Table. Total glutamate concentrations in the two brain hemispheres of rats. Data are reported as means+SD in ug/mL.

Sacrifice after Ischemia

Groups A (48 Hours) B (15 Days)

Sub-groups Right hemisphere Left hemisphere Right hemisphere Left hemisphere
INT 6.30+1.43* 5.95+1.86* 7.14%2.42 7.62+1.77*

IT 20.55%16.20 16.70+8.91* 14.71+£7.88 13.61%£1.96*
NINT 7.50+3.84* 7.04%3.21*% 10.41+4.75 9.04+3.35
NIT 34.40%13.45* 33.94+12.58* 7.60%3.51 11.63%5.74

INT, ischemic not treated; IT, ischemic treated; NINT, sham not treated; NIT, sham treated; *RH Group A: NIT>INT=NINT p<o0.006
(Kruskal-Wallis test followed by the Dunn post-test); *LH Group A: NIT>INT=NINT=IT (p=0.01, Kruskal-Wallis test followed by the Dunn

post-test); *LH Group B: IT>INT (p=0.04, Kruskal-Wallis test followed by the Dunn post-test).

sniffing, resting, rearing, half rotation, and groom-
ing (p<o.05 for all) for the same period. The tempo-
ral evolution of each subgroup revealed a reduction
(Wilcoxon test) of exploratory activity (sniffing and
rearing) and of defecations (p<0.05) on the 1 post-
operative day in the ischemic subgroups.

Glutamate determination — Total glutamate con-
centrations were similar in the right and left brain
hemispheres in all subgroups (INT-A, p=0.89; INT-B,
p=0.25; IT-A, p=0.48; IT-B, p=0.89; NINT-A, p=0.75;
NINT-B, p=0.50; NIT-A, p=0.67 and NIT-B, p=0.07, Wil-
coxon test). Comparison of the subgroups after 48
hours of ischemia showed higher values in the two
brain hemispheres of treated animals [NIT-A > IT-A,
INT-A and NINT-A on the right (p<0.006), and NIT-A
> INT-A = NINT-A = IT-A, on the left p=0.01, Kruskal-
Wallis test followed by the Dunn post-test)], with a
significant elevation in the sham subgroup. After 15
days of ischemia there was no difference in the right
brain hemisphere between the animals of the vari-
ous subgroups (INT-B = IT-B = NINT-B = NIT-B, p=0.18;
Kruskal-Wallis test), and the levels were higher in the
left brain hemisphere in the treated and untreated
ischemic subgroups (p=0.04, Kruskal-Wallis test fol-
lowed by the Dunn post-test) (Fig 1 and Table 1).

Histopathological changes — These alterations
were constant in ischemic animals regardless of
whether or not they had been treated (Figs 2 and 3).
The injured region was the same in groups A and B,
always presenting well-defined limits. Extensive cor-
tical and subcortical lesions were observed. In the ros-
trocaudal direction, the following cortical areas were
injured: primary motor, insula, piriform, lateral and
ventral orbital, primary sensory of the mandibular re-
gion, of the fore and hind legs and barrel field, in ad-
dition to the cingulate gyrus. The following subcorti-
cal structures were involved: nucleus accumbens, an-
terior commissure, claustrum, the knee of the cor-

Fig 2. Photomicrographs of coronal sections of the brain of the

same rat passing through the corpus striatum at a more crani-
al (A and B) and more caudal (C and D) level. The brain was re-
moved 48 hours after coagulation of the left middle cerebral
artery, without treatment with ketoprofen. The structures of
the injured brain hemisphere are shown in B and D, while A and
C show the control side. Note (arrows) the areas of expressive
neuronal rarefaction, mainly identified in the caudal neostria-
tum (D) and in the internal capsule (B), with relative preserva-
tion of the cranial part of the caudate-putamen. CPu, caudate-
putamen; ec, external capsule; LGP, lateral part of the globus
pallidus; Lv, lateral ventricle. Staining: Giemsa. Bar: 385 um in
A and B, 192 um in C and 96 um in D.
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Fig 3. Photomicrographs of coronal sections of the brain of the
same rat passing through the corpus striatum at a more crani-
al (A and B) and more caudal (C and D) level. The brain was re-
moved 48 hours after coagulation of the left middle cerebral
artery, with the animal having received ketoprofen by the in-
travenous route at the dose of 10 mg/kg of body weight 15 min-
utes before coagulation. The injured brain hemisphere is shown
in B and D and the control in A and C. Observe in B the intense
hypercellularity of the external capsule (arrowhead), as well as
less intense cell rarefaction in the caudate-putamen region and
in the insula. Note in D total cell loss in most of the caudate-
putamen (arrow), and more discrete hypocellularity in the ad-
jacent sensorimotor cortex. Al, agranular cortex of the insula;
CPu, caudate putamen, ec, external capsule; ic, internal cap-
sule; Lv, lateral ventricle; rf, rhinal fissure; S1BF, primary senso-
ry cortex, barrel field; Sz, secondary sensory cortex. Staining:
Giemsa. Bar: 385 um.

pus callosum, the caudate-putamen region, the lat-
eral globus pallidus, the external capsule, temporal
amygdala, and fimbria of the hippocampus. Clearly
visible hypercellularity was detected in group A (48
hours), with neutrophil exudation at the periphery of
the lesion, in addition to white matter edema in ho-
molateral ventricular collapse. Some sections present-
ed necrosis with loss of tissue in small areas. Intense
small cell hypercellularity possibly corresponding to
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reactional gliosis, lymphocytes or macrophages was
observed in group B. Necrosis and loss of tissue, volu-
metric reduction of the cortex with ipsilateral ventric-
ular dilatation ex-vacuo and destructuring of the cor-
tical architecture were frequently observed.

In the animals of the sham subgroups (A3 and B3),
no injuries were observed in either hemisphere.

DISCUSSION

Cl is a complex multifactorial phenomenon whose
treatment depends on a better understanding of its
pathophysiology. For this purpose, studies with a
rigorous evaluation and control of multiple variables
are necessary, mainly using experimental models"*%.
Twelve (9.5%) animals died during the surgical proce-
dure and were excluded from the study because they
presented prior cardiorespiratory arrest and suffered
global cerebral ischemia that misleads the results of
the focal ischemia. In the same way, patients that
developed subdural empiema and or brain abscess
were excluded from the study. We believe that most
operative death could be avoided using controlled
mechanical ventilation. Antiseptic measures and an-
tibiotics prophylaxis could reduce significantly the
postoperative infections.

Variations in body weight have been used in recent
studies as a parameter to evaluate transitory focal ce-
rebral ischemia®#*>. The administration of progester-
one before 2 hours of ischemia and after 48 hours of
reperfusion was responsible for a smaller weight loss*.
The administration of lidocaine before ischemia fol-
lowed by 7 days of reperfusion caused a lower weight
loss on treated animals than in controls®>. The weight
reduction observed in the present study may be at-
tributed to the surgical procedure and to anesthesia.

The open field has been little used to assess the ef-
fects of Cl. This was used in this study because it was
the only way we find to assess behaviors as crossing,
defecation, sniffing, resting, rearing, half rotation,
and grooming and because it was available and vali-
dated in our facility®. The time of observation was
arbitrarily fixed in 15 minutes after some previous ob-
servations that the exploratory activity of the animals
decreased progressively after 5 to 10 minutes. The first
postoperative assessment was performed during the
first postoperative day, because at that time the mo-
tor deficit had completed released.

Once there were marked cortical and subcortical
histopathological changes, more severe motor deficit
and behavior disturbances were expected and we did
not find explanation for this fact.
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Comparison of MCA ligation on the right x the left
in rats showed that only the animals with ischemia on
the right presented hyperactivity for 2 to 3 weeks®.

The use of ketamine in rats before occlusion of the
right MCA did not cause behavioral differences (num-
ber of crossings, rearings and defecations) between
treated and untreated animals, although no NP effect
of the drug was detected based on the histopatho-
logical findings®. Another study did not detect corre-
spondence between the behavioral and histopatho-
logical effects provoked by coagulation of the MCA
in rats®. Using the open field test according to the
criteria established at our institution', we observed
reduction of exploratory activity (rearing and sniff-
ing) and of defecation on the 1st postoperative day
in all animals of the ischemic groups. Despite differ-
ences in the elaboration and execution of the tests,
our results agree with those reported by Wahl et al.®
regarding the absence of a correlation between the
behavioral and histopathological changes.

The involvement of glutamate in brain injury was
confirmed in 1981, when it was demonstrated that
one of its antagonists, amino-phosphono-butyric acid,
reduced or prevented the epileptic manifestations ar-
tificially produced in rats?. Later, Benveniste et al.®
observed an increase in glutamate in the hippocam-
pus of rats after ischemia. Baker et al.?® detected
slower, less intense and shorter lasting elevation of
glutamate in the ischemic hemisphere of hypother-
mic animals, in agreement with findings of lower his-
tological injury. A recent study from our institution
using permanent focal Cl in rats demonstrated a pro-
gressive reduction in total glutamate levels on the
injured side after 30 and 45 minutes, which was not
influenced by previous ketoprofen administration®.
Under ClI conditions, glutamate levels rapidly increase
in the extracellular space and decrease with reperfu-
sion. The increased concentration in the extracellular
space is due to facilitated release and/or to reduced
reuptake and to the fact that, despite the increase of
glutamate in cerebral ischemia, the glutamate x neu-
ronal injury relation has not been well established?®.
The present results showed that, 48 hours after sur-
gery, total glutamate concentrations were elevated
in the two brain hemispheres of the animals treated
with ketoprofen (ischemic and sham subgroups). This
fact was probably due to an action of ketoprofen on
the metabolic pool of glutamate, an idea supported
by the similar values in the two hemispheres. After
15 days, the higher glutamate concentration in the
ischemic hemisphere of treated than not treated rats
can be explained by the production of this NT by in-
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flammatory cells, which are numerous in this phase,
and/or perhaps by lower cell destruction.

NP drugs are those that reduce excitotoxicity, op-
posing the excessive release of excitatory amino acids
and their intracellular effects®**. Among those most
intensely studied are the antagonists of the NMDA
receptors of glutamate, among them ketoprofen.
Experimental studies with transitory focal ischemia
conducted at our institution have demonstrated the
NP effect of ketoprofen on the rabbit retina3' and on
the rat brain®. We did not find report on a NP keto-
profen dosage and opted to adopt the dosage used
in a previous study®. Obviously, more studies aiming
to evaluate more safety the temporal behavior of the
ischemic lesion, as well as, posologic adjustments ad-
equate to each situation. The present results did not
confirm the NP effect of ketoprofen, a fact that may
be explained by the use of different experimental
models of ischemia (transient vs. definitive occlusion
of the MCA) and due to the different postischemic
periods (early vs. delayed observation).

Histopathological analysis of the sections by the
Giemsa method was satisfactory for the anatomical
delimitation of the lesions and agreed with literature
reports. In addition, it permitted a qualitative evalu-
ation of the injured areas at two different times of
Cl evolution.

In conclusion, permanent focal ischemia induced
in rats by coagulation of the MCA produced a con-
stant ischemic injury in the premotor, motor and sen-
sory cortex and in the lateral caudate-putamen re-
gion. Ischemic animals suffered behavioral changes
(reduction of defecation and of exploratory activity)
during the first postoperative days and presented
concordant histopathological alterations that were
not prevented by the use of ketoprofen. Forty-eight
hours after surgery, the cerebral levels of total glu-
tamate were more elevated in the treated animals,
probably due to the action of ketoprofen on the met-
abolic glutamate pool.
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