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ABSTRACT
The effect of cerebral hypoperfusion on the oxidative metabolism of the hippocampus, cortex, and the striatum
remains unknown, and the alterations induced by oligoemia on both reference and work memories have been
poorly studied. In this study we induced oligoemia in rats by bilateral occlusion of the common carotid arteries,
without hypotension. After 15 days we measured catalase and superoxide dismutase activity, and the concentration
of malondialdehyde in homogenates from the hippocampus, cortex, and striatum. Behavioral alterations were
evaluated using the Morris water maze test. The ischemic event produced a significant increase (p < 0.05) in
superoxide dismutase activity and the concentration of malondialdehyde at the cerebral cortex. Animals with brain
injury showed a significant decrease in escape latency in finding the platform (p < 0.01) and retention (p < 0.05).
The results of this study shows that the determination of oxidative stress indicators at the cortex and the evaluation
of memory and learning are useful tools for estimating the extent of the damage produced by carotidal occlusion
without hypotension in rats, as well as for the validation of this experimental model.
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RESUMEN
Alteraciones conductuales y del metabolismo oxidativo en un modelo de hipoperfusión cerebral transitoria
inducido en ratas. El efecto de la hipoperfusión cerebral sobre el metabolismo oxidativo en el hipocampo, la
corteza y el cuerpo estriado aún no se conoce. Poco se han estudiado las alteraciones que provoca la oligoemia
sobre la memoria de referencia y de trabajo. Mediante oclusión bilateral de las arterias carótidas comunes, y sin
maniobras de hipotensión se indujo la oligoemia en ratas. A los 15 días de la lesión se determinó la actividad de
la superóxido dismutasa, la catalasa y la concentración de malondialdehído en homogenados del hipocampo, la
corteza y el cuerpo estriado. Las alteraciones conductuales se evaluaron mediante la prueba del laberinto acuático
de Morris. El evento isquémico indujo un aumento significativo (p < 0.05) de la actividad de la superóxido dismutasa
y de la concentración de malondialdehído en la corteza cerebral. Los animales lesionados mostraron una disminución
significativa de la latencia de escape (p < 0.01) y de la retención (p < 0.05). Los resultados de este estudio
evidencian que las determinaciones de los parámetros oxidativos en la corteza y la evaluación de la memoria y el
aprendizaje, son herramientas útiles para evaluar el alcance de la lesión provocada por la oclusión de las carótidas
sin maniobras de hipotensión en ratas y validar el modelo experimental.
Palabras clave: catalasa, conducta, isquemia cerebral, laberinto acuático de Morris, malondialdehído, oligoemia,

superóxido dismutasa

Introduction
The fact that cerebrovascular disorders still constitu-
te the third leading cause of death worldwide and a
major source of disabilities [1] has fostered research
into new therapeutic management strategies. This
research has, in turn, stimulated the development of
animal models for the predictive evaluation of the
efficacy of new therapeutics in humans. Although
many animal species have been used to obtain models
of cerebral ischemia, rats have been preferred in the
study of cerebrovascular disorders due to their simi-
larity with humans in the anatomy of intracerebral
circulation [2].

The classical method for the global ischemia model
in rats is the permanent occlusion of the two vertebral

arteries together with the transient occlusion of the
two common carotid arteries (CCA). There are, howe-
ver, disadvantages because of the complexity of the
necessary surgical procedure and its high mortality
rate [3, 4]. Another ischemia model affecting the
anterior brain involves the bilateral occlusion of the
CCA. Taking into account that rats have an extensive
collateral circulation due to the existence of the circle
of Willis [5], arterial hypotension procedures [6, 7]
and genetic selection of hypertensive rat strains [8]
have been developed in order to increase the efficien-
cy of ischemic induction.

There are models of bilateral CCA occlusion (tran-
sient or permanent) that do not require hypotensive
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manipulation. But these models are seldom used
[5, 9]. Among them, that of transient occlusion has
the advantage that it preserves the integrity of the ce-
rebral vasculature, allowing the study of the effects of
reperfusion. Additionally, the reduction of the blood
flow in the model of double carotidal occlusion without
hypotension does not result in neuronal death [10],
which has led a number of authors to consider it a
model of oligoemia, rather than of global ischemia
[10-12]. The term “oligoemia” used here refers to a re-
duction of cerebral blood flow that triggers neurotoxic
processes that affect memory and learning; an event
that is typical of the threshold zone for cerebral infarc-
tion, of vascular disorders associated to Alzheimer’s
disease and of elderly persons [13].

The brain is particularly sensitive to oxidative da-
mage due to the large amount of oxygen it consumes
and the high concentration of iron and other readily
oxidizable substrates (such as poly-unsaturated fatty
acids and catecholamines) found there [14]. One of
the consequences of an ischemic event is a marked
increase in reactive oxygen species (ROS) (superoxi-
de anion, hydroxyl radical, hydrogen peroxide and pe-
roxynitrite) which is worsened during reperfusion [1].
The superoxide anion and the hydroxyl radical pro-
duce oxidative damage to cell membranes, leading to a
progressive decrease in their fluidity and their bio-
chemical and structural integrity that is known as lipid
peroxidation [15]. The brain deals with ROS using a
defensive anti-oxidative enzyme system that neutra-
lizes these highly reactive species, and depends on
the interplay of intracellular enzymes such as super-
oxide dismutase (SOD) and catalase (CAT) [16].

It has been suggested that the areas of the brain
most susceptible to ischemia include the hippocam-
pus, the striatum and the cortex [16]. However, the
studies examining the alteration of oxidative me-
tabolism in these areas in animals subjected to CCA
occlusion have used cerebral homogenates which ha-
ve been subjected to a period of reperfusion of at
most 24 h [3, 9, 12, 13, 17]. This model has also been
validated in previous studies that have evaluated beha-
vioral alterations [9, 13], demonstrating that the
deleterious effects of reduced blood flow on memory
can be detected 24 h after the lesion and can persist
for 13 months [9, 13]. Therefore, our research was ai-
med at the evaluation of the degree of oxidative stress
in the most sensitive areas (hippocampus, striatum
and cortex) and the analysis of short-term and long-
term effects on memory in rats submitted to bilateral
CCA occlusion without hypotensive manipulation.

Materials and methods

Experimental subjects
Rats of the Sprague-Dawley line were used. They
were obtained from the National Center for the Pro-
duction of Laboratory Animals (City of Havana, Cuba)
with a body weight ranging from 300 to 450 g. The
animals were housed in translucent cages with water
and food ad libitum, at a relative humidity of 67 ± 3%
and a temperature of 22 ± 2 °C with light/darkness
cycles of 12 h. All the experimental procedures com-
plied with the ethical principles established for animal
research [18].

Surgical procedure
The experimental group of ischemic animals included
20 rats, which were anesthetized intraperitoneally with
350 mg of chloral hydrate per kilogram body weight.
An incision was made at the neck and the CCA were
separated from the adjacent tissue and the vagal nerve,
after which they were ligated with no. 3 sutures for 60
min. The animals were kept at a controlled temperature
of 35 ± 2 °C until their recovery. The control animals
(n = 22) underwent the same surgical procedure, except
for the bilateral occlusion of the CCA.

Study of the alterations of oxidative
metabolism

Obtaining the cerebral areas
Fifteen days after the lesion, the animals were anes-
thetized with chloral hydrate (420 mg/kg of body
weight, intra-peritoneally) and decapitated. Their
brains were extracted and washed with cold 0.9%
NaCl, after which the hippocampus, striatum and
cortex were dissected, following the atlas of Paxi-nos
and Watson [19]. The tissue samples were frozen in
liquid nitrogen, weighed and stored at -70°C for further
analysis. Samples were taken in both the rats with
brain injury (n = 10) and control (n = 8) rats.

Study of oxidative metabolism parameters
For the study of oxidative metabolism parameters,
the anatomical samples were homogenized in 1 M
Tris/0.25 M sucrose buffer (pH 7.4) at a tissue/buffer
volume ratio of 1/5. The homogenates were centrifuged
at 14 000 rpm for 15 min, and the supernatant was
split into 4 aliquots for SOD and CAT assays, as well
as for the determination of malondialdehide (MDA)
and total protein concentrations.

Assays for SOD activity
SOD activity was determined using the Marklund
method [20], based on the inhibition by SOD of the
pyrogallol reaction (pyrogallol auto-oxidizes yielding
pyrogallin, a yellow compound, and the superoxide
anion, which in turns auto-catalyzes the decompo-
sition of pyrogallol). The samples were delipidated
by adding 150 μL of chloroform and 250 μL of metha-
nol to each 500 μL of the homogenate and shaking
vigorously, followed by centrifugation for 20 min at
3000 rpm and the extraction of the supernatant.
Starting at 10 s after initiating the reaction, we measu-
red the optical density (OD) at 420 nm of a mixture
containing 900 μL of SOD buffer (Tris 0.02 M/HCl
0.2 M, pH 8.2), 50 μL of the delipidated sample and
50 μL of a 0.2 mg/mL pyrogallol solution for a period
of 1 min. The assay was performed in triplicate,
expressing the results in units of enzymatic activity
(UEA). A unit of SOD was defined as the amount of
enzyme required to inhibit the auto-oxidation of py-
rogallol by 50%.

Assay for CAT activity
CAT activity determinations were performed by spec-
trophotometry, following the decomposition of hy-
drogen peroxide (H2O2) as described by Aebi [21]. The
assay used phosphate buffer at 0.06 M, pH 7.4 and a
60 mM solution of H2O2 in phosphate buffer as the
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substrate. It was performed by adding, 650 μL of buffer,
340 μL of the substrate and 35 μL of the homogenate,
in a thermostatic cuvette at 37 °C, mixing, and measuring
the OD at 240 nm every 5 s for 20 s. The measurements
were performed by duplicate, and a unit of enzyme ac-
tivity was defined as the amount required to transform
1 mmol of H2O2 in 1 min at 37 °C.

Determination of the concentration of MDA

One-hundred microliters of the homogenate were mixed
with 1.5 mL of 0.08 N sulfuric acid and 250 μL of
10% phosphotungstic acid and centrifuged at 3000
rpm for 10 min, discarding the supernatant. The
precipitate was resuspended in 1 mL of 0.08 M sulfuric
acid and 250 μL of 10% phosphotungstic acid, re-
peating the centrifugation and discarding the super-
natant. The pellet was mixed with 1.5 mL of distilled
water and 1 mL of 0.67% thiobarbituric acid (TBA)
and incubated at 100 °C for 1 h. Then, the samples
were mixed with 2 mL of n-butanol and centrifuged
at 3000 rpm for 20 min, reading the OD of the super-
natant at a wavelength of 532 nm. The MDA con-
centration assays were performed by triplicate, using
an MDA standard at a known concentration to obtain
the results. The concentrations were expressed in nM.

Assay for total protein concentration

Total protein concentration was determined according
to Bradford [22]. One-hundred microliters of the sam-
ple were mixed with 2 mL of 0.1 mg/mL Coomassie
brilliant blue in 8.5%/0.05% H3PO4/ethanol, reading
the OD at 595 nm. A standard curve was obtained
using bovine serum albumin solutions at concen-
trations of 0.045; 0.089; 0.134 and 0.178 mg/mL, as
determined using an extinction coefficient at 280 nm
(k) of 0.68 mL/mg.

Study of behavioral disorders

Learning and spatial memory
The Morris water maze test consists of measuring the
time taken by the experimental animals to locate a
transparent platform with an 11 cm diameter. The
platform was placed 1 cm above the water surface
(visible platform) or 1 cm under the surface (hidden
platform) on a circular water reservoir with a diameter
of 1.5 m and a depth of 40 cm. The rats should find
the platform using as a reference the visual cues that
surround the tank. The measured variable was the
escape latency (defined as the time taken by the sub-
jects to find the platform and escape from the water)
with a maximum search time allowed of 60 s. A camera
was placed over the center of the tank to collect the
data of either the control rats (n = 14) or those with
brain injury (n = 10).

Evaluation of sensitive-motor and
motivational deficits

This evaluation was performed at day 10 after the
lesion. The platform was located at a visible place on
the northeastern quadrant and 8 tests were perfor-
med per rat. The search for the platform began each
time from a different position on the border of the
tank, randomly selected from the eight possible po-
sitions (east, west, north, south, northeast, northwest,

southeast and southwest). This procedure was used
for the evaluation of sensitive-motor and motivational
alterations that could bias the results of the evaluation
of memory and learning.

Evaluation of long-term or reference memory
(Spatial memory)
This evaluation was performed at days 11 to 14 after
the lesion and involved a search for the hidden plat-
form, which remained at the same position throughout
the tests. A total of 29 tests per rat were made during
the 4 day evaluation period (8 during the first 3 days
and 5 on the last day). The exact location at the tank
from where the rats where released into the water
was changed for every evaluation day. The assays of
the fourth day evaluated retention. This assessment
consisted of removing the escape platform and re-
leasing the rat into the tank, measuring during a free
swimming period of 60 s the number of times the
subject passed through the spot where the platform
had been located on the previous days (number of
crosses). Escape latency and retention were measu-
red again 30 days after the lesion, keeping the plat-
form at the same position. In this case there were 16
tests performed, evaluating the number of crosses in
the last assay.

Evaluation of short-term or working memory
(learning)
Reference memory was evaluated after the oligoemia
had had a one month evolution. In this experiment the
animals were evaluated during 3 days, in which the
position of the platform (that was hidden in all cases)
was changed daily. A total of 12 tests were perfor-
med per rat (4 tests per day). The length of the period
between consecutive tests was also changed daily,
consisting of 20 s, 20 min. and 2 h for days 1, 2 and 3,
respectively.

Statistical analyses
The adjustment of the quantitative variables to a
normal distribution was evaluated by the Kolmogorov-
Smirnov test. Values were expressed as the mean plus/
minus its standard error. The activities of SOD and
CAT, as well as the MDA concentrations of each brain
area, were compared between the control and ischemic
groups using a t-test for independent means; this test
was also used for comparing the number of crosses in
the Morris water maze test between the experimental
groups. The Mann-Whitney U-test was used to com-
pare the escape latency of the experimental groups,
while using the Friedman test followed by a Wilcoxon
test to compare the escape latency in the same ex-
perimental group on different days. The result was
considered statistically significant when p < 0.05.

Results

Alterations of oxidative metabolism
Table 1 shows the activity of anti-oxidative enzymes
and the concentration of MDA at the cortex, hippo-
campus and striatum of the control and oli-goemic
animals. According to these results, there were no
alterations in oxidative metabolism for the hippo-
campus and striatum on day 15 after the lesion.
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brain in stereotaxic coordenates. 2nd. Aca-
demic Press; 1986.

20.  Marklund J. Involvement of super-
oxide anion radical in autoxidation of
pirogallol as a convenient assay for super-
oxide dismutase. Eur J Biochem 1992;
47:469-74.

21.  Aebi H. Catalase in vitro. Methods
Enzimol 1984;105:121-6.
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At the cortex, on the other hand, the ischemic event
resulting from the reduction of cerebral blood flow
induced a statistically significant (p < 0.05) change
in SOD activity, which increased by 10.7% compared
to the control group. Additionally, although no statis-
tically significant differences were found between the
control and ischemic animals in relation to CAT ac-
tivity for any of the three brain areas, the value of this
parameter did increase for the cortex, in contrast to
the hippocampus and striatum where it remained
constant. The concentration of MDA also showed a
statistically significant (p < 0.05) increase of 104.4%
in the cortex of the animals submitted to the ischemic
treatment, compared to the control rats.

Behavioral disorders
The behavior of the oligoemic rats in the Morris water
maze test with the visible platform was undistingui-
shable from that of the control rats (Figure 1), with no
statistically significant differences between the escape
latencies of both experimental groups.

When assessing long-term memory, there was a
decrease in the escape latency with each passing day
of the evaluation period in rats with the brain injury
compared to the control (p < 0.001, Figure 2A). Al-
though this decrease was significant for both expe-
rimental groups, the plateau of the escape latency
curve for oligoemic animals was less pronounced
than that of the control individuals. The escape la-
tencies of oligoemic animals began to show a statis-
tically significant difference compared to the controls
on the third and fourth days of the evaluation period
(p < 0.01), and this difference still remained one
month after the lesion (p < 0.01).

There were no statistically significant differences
between both groups of rats in the retention tests on
the fourth day of evaluation, although the average
number of crosses of the ischemic individuals was 2-
fold lower than in the control group (Figure 2B). Ho-
wever, during the retention tests performed 30 days
after the lesion, the number of crosses of the ischemic
animals were significantly lower (p < 0.05) than those
of the control (Figure 2B). The escape latency of the
oligoemic rats was significantly higher (p < 0.05) on
the second day of the evaluation (Figure 3).

Table 1. Mean ± SE of the enzymatic act ivity of SOD (U/mg of protein) and CAT  (KU/mg of protein) and of MDA 
concentration (nmole/L). The statistical analysis detected significant differences (t- test for independent means) 
between the control group (mock lesion) and the group of animals with bi lateral CCA occlusion 

Control  group Oligoemic group 
Indicator 

Cortex Hippocampus Striatum Cortex Hippocampus Striatum 

CAT 58.66  ± 6.81  57.66 ± 13.47  58.21 ±  10.54 74. 76 ± 8.75 58.47 ± 13.9 59.13 ± 12.77 

SOD 1.68 ± 0.05 1.78 ±  0.05 1.77 ±  0.05 1.86 ± 0.02* 1.75 ± 0.03 1.71 ± 0.08 

MDA 9.16 ± 3.38 5.22 ± 2.23 10.37 ± 2.63 18 .72 ± 4 .60* 2.44 ± 1.46 8.96 ± 1.80 

*Statistica lly sig nifica nt d if ferences , p < 0.05.  

Figure 1. Evaluation of sensitive-motor and motivational deficits
for oligoemic and control rats. A visible platform was used for
these tests. The eight tests were performed on day 10 after the
lesion.

Figure 2. Evaluation of long-term (reference) memory. A hidden platform was used for these tests, which
remained at the same location throughout the assay (A) Escape latency of both experimental groups. (B)
Performance of the animals during the retention test on day 4 and day 30 of the evaluation. Statistically
significant (*,p < 0.05) and highly significant (**, p < 0.01) differences between both experimental groups
are shown, and also differences in latency within the same group (***, p < 0.001).

Figure 3. Evaluation of short-term (work) memory. This scheme
used a hidden platform, whose location was changed daily.
The inter-assay period was 20 s (day 1), 20 min (day 2) and
2 h (day 3). ** p < 0.01.
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Discussion
In rats there is a connection between the anterior (ca-
rotidal) and posterior (vertebrobasilar) cerebral circu-
lation, due to the existence of an anatomical structure
similar to circle of Willis [2, 11]. The vertebrobasilar
arteries, which were not ligated in this study, irrigate
the hippocampus [23]. Among the brain areas exami-
ned in this study, the cortex was the only one showing
alterations in oxidative metabolism due to the lesions;
this is an expected outcome when the collateral irri-
gation from the vertebrobasilar circulation after the
occlusion of the CCA is enough to maintain blood
flow to the hippocampus and the striatum, but not to
the cortex. A similar study in rats with per-manent
CCA occlusion also showed a marked effect on the
cortex and a severe decrease in blood flow and glucose
utilization in this area [23]. These alterations were
maintained for up to 1 week after the occlusion of the
CCA.

The increase in SOD activity in the cortex of is-
chemic animals can be considered a response to the
generation of superoxide anions at high concentrations.
SOD is known to be the main defense system against
the excess of superoxide anions formed during reper-
fusion [16]. It has been demonstrated that the over-
expression of this enzyme protects neurons against
damage caused by ischemia-reperfusion [24], and
similar results have been obtained elsewhere [3, 12].
The analysis of our results and those previously re-
ported in the literature suggests that the behavior of
SOD is an important indicator for an ischemic lesion
in the model of bilateral CCA occlusion without arterial
hypotensive manipulations.

The increase in CAT activity at the cortex of the
animals with brain injury is coherent with the increase
in SOD observed for this brain area. Hydrogen
peroxide, one of the products of the reaction catalyzed
by SOD, activates CAT at high concentrations [25].
Since an excess of H2O2 in the presence of metal ions
can generate hydroxyl radicals -which can only be
eliminated through the continuous cellular turnover
of damaged molecules-, once this species is formed
cell damage is unavoidable [26].

A similar study evaluating CAT activity after a 1
hour occlusion of the CCA followed by 1 hour of
reperfusion [12], showed that the activity of this en-
zyme was not affected by oligoemia. While CAT
activity at the cortex of ischemic animals did not
significantly increase in our study, it was enhanced in
27.4%. This discrepancy may stem from the fact that
we have evaluated a different period of the evolution
of oligoemia, since there is data supporting a differen-
tial pattern of protein expression at different time
points after ischemia [27] and, particularly, it has been
shown that CAT activity does increase after an is-
chemic event, but peaks at 24 h post-lesion [16].

Furthermore, it is important to underline that the
variations in SOD and CAT activity may be due to the
regulatory activation of their expression or activity. If
the increase in H2O2 concentration overwhelms the
defensive action of CAT, the enzyme itself is affected,
leading to variations in its specific activity. There is
evidence supporting the theory that oxidative damage
proceeds through self-perpetuating mechanisms that
last much longer than the initial triggering event [1].

The brain, compared to other organs, has a higher
concentration of poly-unsaturated fatty acids and
phospholipids. This fact, together with its high energy
requirements, oxygen consumption and tissue iron
concentration, make this organ highly susceptible to
lipid peroxidation [15]. The measurements of MDA
concentration serve as a surrogate for lipid peroxidation,
since this parameter correlates directly with ROS-
mediated cell damage, especially for the case of the
hydroxyl radical. The increased concentration of MDA
obtained in this study agrees with previous results
obtained by Ghoneim et al. [12], who observed in-
creased levels of lipid peroxidation 1 hour after oli-
goemia as a consequence of the re-oxygenation of the
brain tissue.

The generation of ROS at the cortex of the ische-
mic animals (which increases the activity of CAT and
SOD, as well as the concentration of MDA) was still
in course on day 15 after oligoemia. These findings
demonstrate the existence of intracellular oxidative
damage, and suggest that the oxidative stress para-
meters measured in this study can be used as indicators
of the magnitude of oxidative damage to the cortex
after an ischemic lesion.

The behavioral test of the Morris water maze is a
useful tool to study the biological basis of learning and
memory. This test evaluates the capacity of the animal
for learning, remembering and moving towards a point
in space which is defined only by its relative position
to extra-labyrinth visual cues. Some of its advantages
are that it is not painful, the learning phase is fast, the
animal can be repeatedly evaluated before and after a
defined treatment, and it does not provide intra-laby-
rinth olfactory cues to the experimental subject [28].

The behavioral test with a visible platform allows
the dissociation of cognitive elements from sensorial,
motor and motivational factors, since the platform is
visible to the rats and therefore their escape does not
depend on skills for learning and memorizing a pre-
determined position, but rather on their visual and
natatory abilities [29]. The similarity between the
behavior of animals with brain injury and the controls
in the test with the visible platform, therefore de-
monstrates that the bilateral occlusion of the CCA did
not significantly affect their capacity to spot the plat-
form, swim towards it and escape from the water.

Both groups of animals were able to learn and re-
member the location of the platform as evidenced by
a statistically significant decrease (p < 0.001) in escape
latency with the progress of the evaluation period.
However, the induced oligoemia led to an alteration
of the reference memory in the animals with brain in-
jury, since the plateau of their escape latency curves
was less marked than those of the control animals
(Figure 2A).

The fact that an effect on retention can be detected
in the ischemic animals after 1 month of evolution but
not after 14 days can be attributed to the greater memo-
ry demands of the assay after a longer period. The de-
termination of the number of crosses on day 13 of the
oligoemia took place after 28 consecutive tests with
the platform in the same place; however, those per-
formed after 1 month took place only after 15 tests.

These results agree with those of other authors
who have worked with the model of bilateral CCA
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occlusion, but including hypotensive manipulations
[7]. During the evaluation of the reference memory,
these authors used two schemes with different com-
plexity levels, and although the low-complexity test
did not detect differences in the long-term memory
between ischemic and control animals, the assay with
a high degree of complexity did detect differences in
learning and retention capacity due to the induction of
an ischemic event. Our results, together with those
described above, indicate that the use of complex beha-
vioral tests can detect the presence of behavioral alte-
rations that go unnoticed when employing assays that
place a lower demand on the capacity of the animals.

The oligoemic animals also showed alterations
in short-term or working memory. However, these
differences were significant only on the second day
(p < 0.05) and became statistically undetectable by
the third day. This result can be attributed to the diffe-
rent inter-assay periods employed for different days
of the evaluation (20 min and 2 h for the second and
third days, respectively; during the first day the inter-
test rest was only 20 s long, and the animals could
find the platform sooner).

The bilateral occlusion of the CCA reduces the
blood flow to the cortex at the temporal-parietal re-
gion [30, 31]. It has been shown that 1 hour after the
occlusion, the irrigation of this zone decreases by
50% [30]. On the other hand, it is known that cerebral
hypoperfusion alters the ultrastructure of the ca-
pillary vessels of the brain [32]. The mechanisms
involved in the formation and conservation of the
memory include the activity of NMDA-type glutama-
tergic receptors, the stimulation of enzymes such as

calcium-dependent protein kinase II, the activation
of transcriptional factors and the induction of the
synthesis of neurotrophic factors. Since many of the
molecules playing a role in this process are sensitive
to changes in the redox state of the intracellular mi-
lieu [33], an oxidative unbalance in the cell can lead to
behavioral alterations due to the infliction of damage
to molecules involved in the process of memory and
learning.

Although there are no reports dealing with alte-
rations to memory and learning in the rat model of
CCA occlusion without cerebral hypoperfusion after
an oligoemia which has been allowed to evolve for an
entire month, these alterations have been shown to
occur in other models of cerebral hypoperfusion [7,
32], where the spatial learning skills of the animals
showing brain injury are diminished compared to the
controls. Other symptoms observed during these stu-
dies are an increase in escape latency and a decrease in
the time spent by the subjects at the previous position
occupied by the platform, once it was withdrawn.

Our results reveal that the model of oligoemia in
rats subjected to a bilateral occlusion of the CCA
disturbs the oxidative metabolism at the cortex, to-
gether with alterations of the reference and working
memories. These behavioral disorders are evident at
least after 10 days of evolution of the oligoemia, and
can be evaluated with adequate schemes of the Morris
water maze test. Therefore, the rat model of induced
cerebral hypoperfusion without hypotension can be
useful for the evaluation of the efficacy of therapeutic
neuro-restorative, neuro-protective and anti-oxidative
strategies aimed at the recovery of cognitive skills.
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