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Abstract
Purpose: To evaluate histopathological and ultrastructural changes and expression of proteins 
related to apoptosis CASPASE 3 and XIAP after experimental induction of temporary focal 
cerebral ischemia (90 minutes) due to obstruction of the middle cerebral artery in alcoholism 
model. 
Methods: Forty adult Wistar rats were used, subdivided into 5 experimental groups: 
control group (C); Sham group (S); Ischemic group (I); Alcoholic group (A); and Ischemic and 
Alcoholized group (I+A): animals submitted to the same treatment of group A and after four 
weeks were submitted to focal cerebral ischemia during 90 minutes, followed by reperfusion 
of 48 hours. Were processed for histopathological analysis and immunohistochemistry (for 
the protein expression of CASPASE -3 and XIAP). 
Results: Greater histopathological changes were observed in the animals of groups I and I+A 
in the three areas analyzed. The neuronal loss was higher in the medial striatum region of the 
animals of groups I and I + A. The protein expression of CASPASE -3 was higher than that of 
XIAP in the groups I and I + A for both proteins. 
Conclusion: The expression of XIAP was slightly higher where the histopathological changes 
and expression of CASPASE -3 was less evident.
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protein expression in the cerebral tissue of 
rats submitted to MCA occlusion ischemia, 
Shibata et al.14 found that after one hour of 
ischemia followed by reperfusion between 
two to 47 hours, immunoreactivity with diffuse 
expression pattern inside neuronal cells was 
observed. Quantitative analysis by Western blot 
demonstrated a minor change in nerve tissue 
in animals submitted to ischemia/reperfusion 
Therefore, as the comparison between 
morphological studies related to apoptosis in 
experimental cerebral ischemia and alcoholism 
is limited, the  present aimed to analyze the 
morphological alterations of the cerebral 
territory irrigated by the middle cerebral artery 
(MCA) and the role of apoptosis through the 
immunohistochemical study of Expression 
of CASPASE 3 and XIAP in ischemic cell death 
after experimental induction of transient focal 
cerebral ischemia with reperfusion and chronic 
alcoholism.

■■ Methods

	 The experiments were carried 
out according to the Ethical Principles for 
Experimental Animals (COBAO) and the study 
was approved by the Animal Experimentation 
Committee (CETEA), Medical School, USP, 
Ribeirao Preto-SP. 
	 During the preoperative period, 
the animals were kept in the Laboratory of 
Surgical Technique and Experimental Surgery, 
Department of Surgery and Anatomy, Medical 
School of Ribeirao Preto, USP), placed in plastic 
cages (38 x 23 x 15cm) with metal lid type 
grill, lined with wood and with free access to 
the balanced feed (Nuvilab CR1 - Nuvital®) and 
water. The temperature of the vivarium was 
maintained at about 250C with continuous 
ambient air exhaustion and 12 hour light / 
dark cycles. Throughout the experiment, the 
norms recommended by the Brazilian College 
of Animal Experimentation were respected, 

■■ Introduction 

	 Cerebral ischemia is one of the most 
threatening diseases in humanity with high 
mortality and morbidity rates worldwide1,2. This 
is a frequent condition in clinical practice which 
has a difficult therapeutic solution, because the 
physiopathological study, among other factors, 
is more difficult due to the great diversity in 
its anatomical location, etiology and clinical 
manifestations3-5. Researches and studies 
performed on trial animals as well as on men 
concluded that excessive alcohol consumption 
harms specifically the Central Nervous System6. 
Alcohol is incorporated into various body fluids 
and its concentration in the tissues is directly 
proportional to the water content7. As a 
consequence, in high concentrations, alcohol 
reaches the brain8. The event of cerebral 
ischemia / reperfusion (I/R) causes intense 
immune response, inflammation and cell 
death9. Several families of proteases (calpain, 
cathepsins, caspases, metalloproteinases) are 
involved in different forms of cell death caused 
by cerebral ischemia10. Several studies have 
described neuronal death a few days after 
transient cerebral ischemia11,12. However, it 
remains controversial whether apoptosis or 
necrosis are involved in late neuronal death. 
Namura et al.13 evaluated the activity of 
CASPASE 3 in the brain neurons of adult mice 
by immunohistochemical study and Western 
blot after two hours of middle cerebral artery 
occlusion (MCA). By the Tunel technique, 
labeled cells were detected 6-24 hours after 
reperfusion, suggesting the existence of a time 
dependent evolution from the characterization 
of the ischemic lesion, by the close correlation 
observed between the activation of caspase 
as enzyme and the associated increase in 
immunoreactive product (CASPASE 3) several 
hours later, through the morphological and 
biochemical characteristics of apoptosis.
	 Considering the evaluation of the XIAP 
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aiming at always maintaining an ethical 
procedure in all stages of the research.
	  After reperfusion, the stability of vital 
parameters was performed by continuous 
suturing of the skin with 5-0 mononylon 
thread, the inhalation anesthetic was 
suspended, allowing the recovery of the 
animal. After spontaneous breathing resumed, 
the orotracheal cannula was removed and the 
animal was returned to its plastic cage, with 
free supply of water and feed without the use 
of anesthetics.
	 Forty young adult male rats of the 
Wistar strain (Rattus norvegicus) weighing 
approximately 200 grams (6-7 weeks) at the 
beginning of the experiment and 280-310 
grams at the end of the experiment were 
used. Animals were randomly divided into five 
experimental groups: control (C), eight animals 
were sacrificed without being through surgical 
procedures; sham (S), animals submitted to 
complete simulation of the surgical procedure 
but without ischemia and then euthanized; 
ischemic (I), animals submitted to focal ischemia 
for 90 minutes followed by reperfusion for 
48 hours, and then euthanized; alcoholic (A), 
animals that received 20% ethanol for four 
weeks and they were euthanized, and, ischemic 
and alcoholic (IA): animals subjected to the 
same treatment from group A and they were 
submitted to focal cerebral ischemia for 90 
minutes followed by reperfusion for 48 hours. 
	 The groups of animals A and I + A had 
a gradual adaptation to the consumption of 
ethanol, which consisted in giving them a 
progressive concentration of 5%, 10% and 
20%, which was weekly increased, and that the 
experimental phase was started after the third 
week of this treatment. The water with ethanol 
was laid out at will for the animals. This 20% 
dose was stipulated for the animals of the 
group Alcoholism and Ischemia + Alcoholism 
without stipulating a daily dose, since the 
animals ingest the 20% ad libitum.

Induction of cerebral ischemia

	 All animals were anesthetized 
by inhalation of halothane and, when 
spontaneous movement ceased, it was then 
intubated with an orotracheal cannula. For 
blood collection, the ventral artery of the tail 
of the animals was dissected and channeled 
with a PE 10 caliber catheter, which in turn 
was connected with a pressure transducer for 
continuous recording of heart rate and mean 
arterial artery pressure (Biomotor model 
78339A - Hewlett Packard Company, USA). 
After fifteen minutes of mechanical ventilation, 
a blood sample from the artery was collected 
for gasometry: paCO2, paO2, pH plus glycemic, 
hemoglobin and hematocrit dosages (Portable 
Gasometer Model I-STAT Portable Clinical 
Analysis - ABBOTT Laboratories Inc).
	 A new blood collection was performed 
in the last fifteen minutes of ischemia only in 
groups I and I + A for the dosing of the same 
parameters described above. When pCO2 
values were not acceptable (between 34 and 42 
mmHg), a new blood collection was performed 
to determine the blood gas parameters. 
Considering the results, changes were made in 
the endotracheal pressure or the respiration rate. 
Body temperature was maintained between 
37 and 38°C by applying a heat source (220V 
incandescent lamp) as required by a digital 
thermometer positioned in the animal’s 
rectum.
	 After the stable condition of the animal, 
the surgical procedure for the induction of 
ischemia was started by trichotomy of the 
anterior cervical region, incisions of the medial 
region of the skin, subcutaneous tissue and 
left lateral musculature of the neck to visualize 
the surgical field containing the left common 
carotid artery (ACCE) until its bifurcation into 
the left external carotid artery) And left internal 
carotid artery (ICA). The ACE was sectioned 
for the retrograde introduction of the 4-0 
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mononylon clogging wire, 2.5 cm long, having 
a thickened end with a 5 mm extension silicone 
mixture until the resistance sensation in its 
progression, technique proposed by Koiosumi 
et al.15, modified by Carlotti Jr. et al.5. Then, 
measurements were made to ensure that the 
thread penetrated enough to occlude the MCA 
origin ostium. 
	 After the ischemia period, the 
obstructive strand was removed for 
reperfusion and the skin and subcutaneous 
tissue were closed. The animals were placed in 
the boxes with water and food ad libitum for 
postoperative recovery. After reperfusion of 48 
hours they were submitted to euthanasia.

Evaluation of cerebral ischemia

	 For the study by light microscopy (LM), 
transmission electron microscopy (TEM) and 
immunohistochemistry (IH), only one of the 
coronal sections (2mm) was selected. This 
cut was performed in the anterior or rostral 
region passing (1) inferiorly through the optic 
chiasm; (2) immediately ahead of the anterior 
commissure and third ventricle; (3) superiorly 
through the body of the corpus callosum 
and central portion of the lateral ventricle. 
This region was selected for analysis because 
it allowed visualization of the three main 
ischemic areas after MCA obstruction. 
	 For the accomplishment of the 
histopathological analysis by LM, these coronal 
sections of cerebral tissue of all animals 
were immersed in the fixing solution of 4% 
paraformaldehyde for 24 hours and then 
washed with ethanol 70% solution, to aid in 
removal of excess liquid binder. Subsequently, 
these sections were submitted to dehydration, 
diaphanization and were embedded in paraffin.
to be the cut.
	 The sections were stained by the 
Luxol Fast Blue technique to emphasize the 
cellular elements (neurons) that are stained in 

pink-violet and the blue-green myelin on the 
same slide16.
	 Histopathological alterations were 
evaluated by LM, such as: neuronal injury, 
neuronal necrosis, edema and inflammatory 
infiltrate using increases of 50 and x400. The 
analysis was performed in the regions irrigated 
by MCA (global evaluation of the following 
areas: dorsolateral cortex, lateral cortex and 
striatum) of the left cerebral hemisphere in six 
animals of each group.
	 For ultrastructural evaluation by TEM 
in the areas described above, two animals 
were used per group. After reduction of the 
material from the coronal sections, small 
samples of brain tissue were initially fixed by 
immersion in 2.5% glutaraldehyde solution 
for four hours at 40°C and washed in 0.1M 
phosphate buffer solution for 24 hours. They 
were then post-fixed in 2% osmium tetroxide 
in 0.2 M phosphate buffer for four hours 
at 40°C and washed with 0.1 M phosphate 
buffer for 24 hours. Subsequently, dehydration 
was performed using a growing series of 
acetone (30 to 100%). The samples were then 
embedded in epoxy resin for inclusion, and 
after polymerization, the blocks were cut into 
sections of 0.5μm for the choice of the best 
areas. Of these, cuts of 600 Å of thickness were 
realized in razor of diamond. The sections were 
stained with uranyl acetate and transferred to 
copper grids. A Philips EM208 transmission 
electron microscope (Royal Philips Electronics, 
Amsterdam, The Netherlands) was used to 
analyze the ultrastructural changes of brain 
tissue in the ACM irrigation region.
	 The IH analysis was performed on six 
animals from each group. Coronal sections of 
the brain tissue were fixed by immersion in 
4% paraformaldehyde embedded in paraffin 
and submitted to avidin-biotin-peroxidase 
immunohistochemical analysis (Novostain 
Super ABC Kit - universal, NCL-ABCu, 
Novocastra Laboratories Ltd, Newcastle upon 
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Typo, UK) - and incubation of brain tissue 
with antibodies to the apoptosis mechanism: 
CASPASE 3, pro-apoptotic (CP 229-B, 
Biocare Medical) (pro-apoptotic) and XIAP, 
Anti-apoptotic (H-202 / sc-11426 / Rabbit 
Polyclonal IgG / Santa Cruz).
	 The parameter analyzed was 
percentage of positively labeled cells (neurons 
and neurorocyte cells) in the 3 main areas of 
MCA irrigation in the left cerebral hemisphere. 
For the counting, three fields with 400x 
magnification were chosen in the regions with 
the highest positive mark (hot spot regions) for 
the respective protein (CASPASE 3 and XIAP). 
From the count of the total number of positive 
and negative cells, the percentage of positive 
cells was calculated.

Statistical analysis

	 For the evaluation of the protein 
expression, the statistical analysis was 
performed using the Kruskal-Wallis test and 
multiple comparison post-test of Dunns. 
GraphPad Prism version 4.00 for Windows 
(GraphPad Software, San Diego - California 
USA) was used, with values of p<0.05 being 
considered statistically significant.

■■ Results

Histopathology

	 The histopathological evaluation was 
performed globally in the three main regions 
(dorsolateral cortex, lateral cortex and striatum) 
of the nervous tissue, irrigated by MCA, in the 
left cerebral hemisphere, in all experimental 
groups.
	 For the animals of groups C and S, no 
histological changes were observed in the 
evaluated regions. In all animals of I and I+A 
groups was observed the presence of neurons 
with diffuse interstitial edema in distinct 
regions of the dorsolateral and lateral cortex, 
mainly located in its deeper layers (III to VI), 
also in this region, the presence of neurons 
with picnotic nuclei, an important histological 
characteristic of cells in the process of necrosis, 
was identified. Mainly in groups I and I + A, 
diffuse neurons were observed in the layers of 
the cortex and/or forming some neuronal foci, 
presenting some characteristic histological 
lesions: neurons with loss of the contour of 
their cellular membranes; with the presence 
of cytoplasmic edema and a clear-appearing 
foamy nucleus (Figure 1).

Figure 1 - Photomicrographs of the dorsolateral region of the frontal cortex of group C (A - mouse 3) with 
the molecular (I) and fusiform (VI) molecules. Corpus callosum (CC); longitudinal cleft of the brain (*); pia 
mater (→) and choroid plexus (thick arrow) of the lateral ventricle (VL); and of group I (B - mouse 5). An area 
surrounded by arrows shows interstitial edema of the cortex with pycnotic nuclei. Above normal cortical 
tissue (CO). Pia mater (thick arrow); lateral ventricle (*). Luxol fast blue; x50.
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	 In the striatum, diffuse interstitial 
edema was less evident in its lateral region 
(near the corpus callosum). The neurons of 
this area, presented the diffuse presence of 
neurons with cytoplasmic edema and no clear 
contour of their cell membrane was described, 
as well as neurons with pyknotic nuclei.
	 Another change observed in the 
animals of groups I and I+A was the presence of 
leukocyte or inflammatory infiltration, with the 
presence of neutrophils inside the capillaries, in 
diapedesis and also forming areas of interstitial 
infiltration in the cortical tissue, mainly in 

the dorsolateral cortex. Changes observed 
in cortical tissue were more evident in the 
dorsolateral cortex; But similar for groups I and 
I+A. In the striatum region, fewer inflammatory 
infiltrates were observed when compared to the 
cerebral cortex (Figure 2).
	 Group A presented few changes and 
focal, characteristics of the neuronal lesions 
described previously for the animals of group I 
and I+A, mainly in the two cortical regions. The 
histological findings of interstitial edema and 
inflammatory infiltration were not observed in 
the animals of this experimental group.

Figure 2 - Photomicrographs of the striatum of a group C animal (A - mouse 2), with homogeneous distribution 
of (→) pink - violet and myelin (in blue - green) neurons; and striatum in the I + A group (B - mouse 2). Note 
interstitial edema (E), the presence of pycnotic nuclei (thick arrows) and regions of inflammatory infiltration 
(thin arrows), also observed in detail above and to the right, with the presence of neutrophils in the interstitial 
tissue (thick arrow) and in the interior of two capillaries (thin arrows). Luxol fast blue; x400.

Ultrastructural evaluation by transmission 
electron microscopy

	 No changes were observed in the 
animals of groups C and S. In the animals 
of groups I and I + A, the ultrastructural 
changes were observed mainly in the region 
called neuropil (Figure 3). The presence 
of degeneration in some myelin axons, 
presence of mitochondrial edema formation, 
increased endoplasmic reticulum volume in 
the cytoplasm of neural cells and neuropilus, 
presence of cytoplasmic vacuoles in neural 

cells and interstitial edema.
	 The number of neural cells with 
lesions was large in the animals of groups 
I and I + A, some presenting cytoplasmic 
vacuoles and even the occasional presence 
of secondary lysosomes, suggestive of 
cellular degradation (Figures 4 and 5). 
Few of the described changes were observed 
in the animals of group A. These animals 
presented characteristics such as: well evident 
nucleolus, nucleus with loose chromatin and 
condensations near the nuclear membrane 
and mild degree of mitochondrial edema.
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Figure 3 - Electromicrography of the cortex of a 
group I animal, showing in detail in the neuropile, 
the presence of myelinated electrodens axons (*), 
of axons in degeneration with the characteristic 
presence of concentric membranes similar to myelinic 
figures (major arrows). Some axons are observed in 
more advanced stage of degeneration (Ax), as well 
as the presence of edemaciadas mitochondria inside 
(small arrows). Mild edema is seen among these 
elements of the neuropil (E). x8000.

Figure 4 - Electromyrography of the cortex of a 
group I animal. Note a neuron with a high degree 
of lesion, presenting a large number of edemaciate 
mitochondria (*) that appear as clear vesicles in 
the cytoplasm, where a large amount of rough 
endoplasmic reticulum is also present. Volume 
(smaller arrows). Interstitial edema (E); neuropil 
(Ne) and myelinated axons (major arrows). x6700.

Figure 5 - Photomicrography of the dorsolateral 
cortex in the left cerebral hemisphere for 
evaluation by the immunohistochemical technique, 
demonstrating nuclear positive protein expression 
(arrows) for CASPASE- 3 in group I. x400.

Immunohistochemical analysis of CASPASE-3

	 Positive nuclear marking for the 
CASPASE 3 protein was observed diffusely in 
the nervous tissue mainly in groups I and I + 
A. Compared to groups A, S and C, there was a 
statistically significant difference between: CxI, 
CxI + A, SxI, SxI + A (p ˂ 0,001), and AxI + A (p ˂ 
0,05).
	 In the animals of groups I and I + A, 
the highest expression of this protein was 
located in the penumbra areas in the medial 
region of the dorsolateral cortex (Figure 6) and 
the medial region of the striatum. When the 
two cortical regions are analyzed, the greater 
positive marking was observed in the deeper 
layers (III to VI). 
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Figure 6 - Photomicrograph of the striatum in 
the left cerebral hemisphere for evaluation by 
immunohistochemistry demonstrating positive nuclear 
protein expression (arrows) to XIAP, group I + A. x400.

Immunohistochemical analysis of XIAP

	 Figure 7 represents the expression 
of the XIAP protein. There is little positive 
and diffuse nuclear marking for this protein 
in nerve tissue and this was lower when 
compared to the expression of CASPASE-3 
in all groups studied. In the regions of the 
three analyzed fields, when we compared the 
expression of XIAP, it was slightly larger in the 
striatum. It was observed higher expression of 
this protein in the animals of groups I and I + A 
when compared to groups A, C and S, without 
statistical difference (p = 0.4060, Kruskal-Wallis 
test (p> 0.05), post-test Of Dunns).

Figure 7 - Average representation (± standard 
deviation) of the protein expression of XIAP in the 
three regions of nerve tissue between the groups 
[p = 0.4060, Kruskal-Wallis test (p>0.05), Dunns 
post-test].

■■ Discussion

	 MCA occlusion is the most common 
model used for the study of focal cerebral 
ischemia and can be induced by an intraluminal 
filament enabling reperfusion5,15. Focal 
ischemia causes lesions predominantly in the 
cortex and striatum. This model has been 
extensively used because of its relevance to 
human embolic stroke17.
	 The stroke eventually involves 
dysfunction or loss of brain cells. Late 
neuronal death exhibits distinct morphological 
characteristics of apoptosis18. While in focal 
cerebral ischemia the majority of ischemic focus 
cells undergo necrosis, which is characterized by 
a sudden reduction of cellular energy, with the 
formation and rupture of cellular organelles; 
the margin of brain tissue that is hypoperfused 
around the ischemic focus is called the ischemic 
penumbra, a region that is capable of recovery 
if the perfusion is improved. Cell death in the 
penumbra is considered an active process and 
largely dependent on the activation of the cell 
death or apoptosis program19.
	 The histologically visible changes 
resulting from ischemia in brain tissue are 
observed about 10 minutes after their 
occurrence, followed by reperfusion of 24 to 48 
hours. These changes range from mild neuronal 
vacuolation, cytoplasmic edema, foam nuclei 
and presence of irregular chromatin until the 
presence of late infarction in the ischemic 
focus region, after longer periods of ischemia 
and reperfusion11.
	 This article refers to the same regions 
already studied in previous studies. However, 
there was a greater severity in relation to 
the lesions since the ischemic animals were 
evaluated after a period of reperfusion (48 
hours). The I + A group provided the possibility 
of observation of the most serious histological 
lesions in relation to the other groups. These 
lesions were mainly located in the neurons 
of the III to VI layers of the cortex, which 
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are usually more susceptible to ischemic. 
Alterations such as cytoplasmic edema, loss 
of cell membrane boundaries, presence of 
foamy nuclei (clearer), cells with picnotic 
nuclei suggestive of necrosis, as well as the 
presence of interstitial edema and some foci 
of inflammatory infiltrate20.
	 Huang et al.21 described by TEM 
the presence of proteins isolated or in the 
form of protein aggregates, located in the 
cytoplasm of neurons and in the neuropil 
area, as well as mitochondrial swelling, 
rough endoplasmic reticulum dilatation and 
polyribosomal disaggregation. These protein 
aggregates may contribute to the slow or 
late neurodegeneration observed after focal 
cerebral ischemia.
	 Functional alterations in brain capillaries 
after ischemia. This allows the release of 
vascular contents in the ischemic region, with 
the presence of leukocyte infiltrate in the 
neural tissue, favoring the pathogenesis of 
ischemia22. The presence of leukocyte infiltrate 
has been observed in ischemic lesions over 
one hour, followed by reperfusion between 24 
hours and seven days23.
	 Associated with edema, foci of 
inflammatory infiltrate were noticed in some 
animals of groups I and I + A, mainly in the 
dorsolateral and lateral cortex. The presence 
of neutrophils, as described previously, were 
also observed inside the capillaries and in 
the interstitial tissue, amid edema and often 
picnotic cells.
	 Brain ischemia/reperfusion (I/R) lesions 
trigger multiple and distinct cell pathways, 
but with overlapping cell signaling pathways, 
which can lead to cell survival or cell damage. 
Evidence shows that, alongside necrosis, 
apoptosis contributes significantly to cell death 
after I/R lesions. Apoptosis pathways play a 
vital role, and once initiated, recruit a cascade 
of apoptotic molecules to perform cell death. 
Caspases and members of the BCL2 family 
appear to be crucial in regulating the various 

pathways of cell death by apoptosis and various 
pathways initiated during I/R24.
	 Morphological and biochemical 
evidences of apoptosis have been well 
documented in experimental animal models 
of ischemic brain lesions. The most convincing 
morphological evidence of post-ischemic 
neuronal apoptosis was detected a few hours 
after the initiation of the ischemic insult, in 
the penumbra region and during reperfusion25. 
CASPASE-3 is a signal of the apoptotic 
mechanism, since as an effector caspase, 
it is common in cell death due to its two 
pathways (intrinsic and extrinsic) and thus, the 
most evaluated in studies involving cerebral 
ischemia. In the present study, it is possible 
to determine the relationship between the 
number of species and the number of species 
that are present in the animal population26.
	 Zhu et al.27 demonstrated that the 
death of cortical neurons and the striatum in 
the penumbra zone, after focal ischemia for 
two hours, followed by reperfusion of 24 hours; 
Involves apoptosis and is characterized by DNA 
damage and CASPASE 3 activation observed 
by flow cytometry and by the high number of 
TUNEL-positive cells in the rat brain.
	 Fei Wang et al.28 demonstrated the role 
of acute ethanol administration in a model 
of cerebral ischemia by occlusion of MCA 
followed by reperfusion. The authors evaluated 
the expression of the pro-apothetic proteins 
CASPASE-3, BAX and AIF and the anti-apoptotic 
proteins BCL-2 and BCL-xl and observed that 
acute ethanol causes increased expression of 
anti-apoptotic proteins (BCL-2 and BCL-xl) and 
a decrease in pro-apothetic proteins expression 
(CASPASE-3, BAX and AIF).
	 In this study, the highest expression 
of CASPASE 3 was observed in the I + A group 
when compared to group I, demonstrating that 
when associated with ischemia, the lesions 
caused by chronic alcoholism are even more 
severe. The low expression regions of CASPASE 
3 are sites corresponding to the ischemic focus, 
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where there is a high index of the mechanism 
of cell death due to necrosis, in an initial phase 
after the installation of the ischemic insult. 
Therefore, these regions present a lower 
number of viable cells (alive), besides the 
alterations such as edema and inflammatory 
infiltrate (as previously described in the 
histopathological alterations), thus explaining 
the lower marking of the cells of these regions 
by the XIAP protein.
	 In the three analyzed areas, XIAP 
expression was higher in the groups with 
ischemic insult, associated or not to chronic 
alcoholism, because in these groups, after the 
period of 48 hours of reperfusion, the highest 
expression of XIAP in these three groups (A, 
I And I + A) may also reflect an adaptation 
to neural cell survival after ischemic insult 
associated or not with alcoholism. This higher 
expression of XIAP in these groups can be 
explained by the attempt of this protein in 
blocking the action of initiator (such as caspase 
9) or effector caspases (such as caspases 3 and 
7), and thus the mechanism of apoptosis.
	 Carvalho et al.29 reported that the 
histopathological changes were observed 
to a greater degree in the cerebellum of rats 
submitted to the same protocol of ischemia 
performed by the present study. In groups 
A and IA the expression of CASPASE-3 was 
greater than the expression of BCL-2 and XIAP, 
increased with groups A and IA, especially near 
the transition region between the granular and 
molecular layers.
	 This study observed increased 
expression of the anti-apoptotic CASPASE-3 
protein in the ischemic group associated 
with chronic alcoholism, and this was not 
observed in the isolated groups. These results 
suggest that neuroprotection associated with 
decreased expression of CASPASE-3 protein is 
directly associated with acute alcoholism, since 
the chronic alcoholism model increased the 
expression of said pro-apoptotic protein. Since 
CASPASE-3 is an effector protease present in 

both the intrinsic and extrinsic pathways, it can 
be concluded that chronic alcoholism causes 
an increase in the rate of cell death by the 
mechanism of apoptosis.
	 Few studies have demonstrated the 
role of chronic alcoholism associated with 
cerebral ischemia. Sun et al.30 through a model 
of cerebral ischemia by MCA occlusion and 
reperfusion observed increased expression of 
the PPARPγ protein that has been associated 
with neural differentiation and cell death in 
the nervous system, as well as mechanisms of 
inflammation and neurodegeneration .
	 The protein expression of CASPASE 3 
was greater than the expression of the anti-
apoptotic protein XIAP, taking into account 
its greater apoptotic effect in the period of 48 
hours of reperfusion in groups I and I + A. The 
cells died from necrosis in the early stage of 
ischemia, with a higher incidence of apoptosis, 
especially in the penumbra area. Alcohol 
alone did not cause morphological lesions 
and increase in significant protein and gene 
expression; however, when associated with 
ischemia, lesions were usually more severe 
than those of group I animals.
	 Thus, the involvement of the 
CASPASE-3 protein in the model of cerebral 
ischemia associated with experimental 
chronic alcoholism was verified in our study 
as in previous studies. However, differences 
in expression levels thereof are observed with 
regard to the reperfusion period and dosage of 
ethanol administered. The expression of XIAP 
protein showed little involvement in our study 
and there are also few studies that evaluated 
its role associated with cerebral ischemia 
and even fewer alcoholics. Therefore, further 
studies are needed to clarify the role of these 
proteins associated with cerebral ischemia and 
alcoholism.

■■ Conclusion

	 Chronic ethanol consumption 
associated with cerebral ischemia suggest 
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changed in the resulted histopathological, 
ultrastructural alterations and also in the 
protein expression of CASPASE-3. We also 
observed the expression of XIAP was slightly 
higher where the histopathological changes 
and expression of CASPASE -3 was less evident.”
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