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Analysis of Caspase-9 protein and microRNAs 
miR-21, miR-126 and miR-155 related to the 
apoptosis mechanism in the cerebellum of 
rats submitted to focal cerebral ischemia 
associated with an alcoholism model
Análise da proteína Caspase-9 e dos microRNAs miR-21, miR-126 e miR-155 relacionados 
ao mecanismo de apoptose no cerebelo de ratos submetidos à isquemia cerebral focal 
associada ao modelo de alcoolismo
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ABSTRACT
This study aimed to analyze the cerebellum of rats submitted to an experimental focal cerebral ischemia, by middle cerebral artery 
occlusion for 90 minutes, followed by reperfusion for 48 hours, associated with an alcoholism model. Methods: Fifty adult Wistar rats were 
used, subdivided into five experimental groups: control group (C): animals submitted to anesthesia only; sham group (S): animals submitted 
to complete simulation of the surgical procedure; ischemic group (I): animals submitted to focal cerebral ischemia for 90 minutes followed 
by reperfusion for 48 hours; alcoholic group (A): animals that received daily absolute ethanol diluted 20% in water for four weeks; and, 
ischemic and alcoholic group (I + A): animals receiving the same treatment as group A and, after four weeks, submitted to focal cerebral 
ischemia for 90 minutes, followed by reperfusion for 48 hours. The cerebellum samples were collected and immunohistochemical analysis 
of Caspase-9 protein and serum analysis by RT-PCR of microRNAs miR-21, miR-126 and miR155 were performed. Results: The expression 
of Caspase-9 was higher in groups I, A and I + A. In the microRNAs analyses, miR-126 was higher in groups A and I + A, miR-155 was higher in 
groups I and I + A. Conclusions: We conclude that apoptosis occurs in the cerebellar cortex, even if it is distant from the ischemic focus, and 
that microRNAs 126 and 155 show a correlation with cellular apoptosis in ischemic rats and those submitted to the chronic alcohol model.
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RESUMO
O objetivo deste estudo foi analisar o cerebelo de ratos submetidos à isquemia cerebral focal experimental, por oclusão da artéria cerebral média 
por 90 minutos, seguida de reperfusão por 48 horas, associada a um modelo de alcoolismo. Métodos: Foram utilizados 50 ratos Wistar adultos, 
subdivididos em cinco grupos experimentais: grupo controle (C): animais submetidos apenas à anestesia; grupo sham (S): animais submetidos 
à simulação completa do procedimento cirúrgico; grupo isquêmico (I): animais submetidos à isquemia cerebral focal por 90 minutos, seguidos 
de reperfusão por 48 horas; grupo alcoólico (A): animais que receberam etanol absoluto diário diluído em 20% em água por quatro semanas; 
e grupo isquêmico e alcoólico (I + A): animais que recebem o mesmo tratamento do grupo A e, após quatro semanas, submetidos à isquemia 
cerebral focal por 90 minutos, seguidos de reperfusão por 48 horas. As amostras de cerebelo foram coletadas e a análise imuno-histoquímica 
da proteína Caspase-9 e a análise sérica por RT-PCR dos microRNAs miR-21, miR-126 e miR155 foram realizadas. Resultados: A expressão de 
Caspase-9 foi maior nos grupos I, A e I + A. Nas análises de microRNAs, o miR-126 foi maior nos grupos A e I + A, o miR-155 foi maior nos grupos 
I e I + A. Conclusões: Concluímos que a apoptose ocorre no córtex cerebelar, mesmo distante do foco isquêmico, e que os microRNAs 126 e 155 
mostram uma correlação com a apoptose celular em ratos isquêmicos e submetidos ao modelo crônico de álcool.
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Cerebral ischemia is the result of decreased oxygen sup-
ply to the brain tissue1. It is considered the second larg-
est cause of death in the world, accounting for 6.7 million 
deaths in 2012. In Brazil, it is the leading cause of death, 
followed by acute myocardial infarction. In 2014, a group of 
elderly people over 80 years of age represented about 37% 
of all deaths in both sexes. The World Health Organization 
estimates that by 2030, stroke will continue to be the world’s 
second largest cause of death, representing 12.2% of deaths 
per year, worldwide2.

Once the interruption of oxygen supply persists, it causes 
several biochemical events that lead to neuronal death, and 
immediately to other biological events that are caused by a 
reperfusion process3. Cellular apoptosis is one of the events 
that normally occurs in the central nervous system during its 
development, but also occurs soon after cerebral ischemia or 
the influence of exogenous factors, and varies according to 
the magnitude of the stimulus4.

Extrinsic factors also influence cerebral ischemia, such as 
obesity, sedentary lifestyle, smoking, and alcoholism5.

Alcoholism affects millions of people around the world. 
About 10% of people in urban centers consume alcohol on 
a daily basis, regardless of age, sex, educational level and 
income. It has been proven that excessive consumption of 
ethanol is associated with various health risks and is respon-
sible for a high rate of morbidity and mortality. Chronic alco-
hol use increases ischemic brain damage due to deficiency of 
cerebral vasoreactivity6.

Studies have demonstrated that microRNA (miRNA) 
expression may modulate neuronal survival after focal cere-
bral ischemia by regulating the levels of target genes that 
are related to the cellular apoptosis process7,8. MicroRNAs 
(miRNAs) are small, non-coding RNAs with the ability to 
regulate the expression of genes at the post-transcriptional 
level through the degradation or repression of translation of 
the molecules that are targets of messenger RNA9.

The miRNAs have been reported to play key roles in the 
regulation of molecular processes after stroke. The present 
study shows the complex relationship between miRNAs 
and stroke10,11.

Therefore, this study aimed to analyze the cerebellar cor-
tex of rats submitted to an experimental model of transient 
focal cerebral ischemia by middle cerebral artery occlusion 
for 90 minutes, followed by reperfusion for 48 hours, associ-
ated with a rat alcoholism model.

METHODS

The experiments were carried out in compliance with 
the ethical principles of the Animal Use Ethics Committee 
and the study was approved by the Animal Experimentation 
Committee of the University of São Paulo Medical School at 
Ribeirão Preto.

Fifty adults male Wistar rats (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. The animals were ran-
domly divided into five experimental groups with 10 ani-
mals each: control (C) – animals without performing the 
surgical procedure; sham (S) – animals submitted to com-
plete simulation of the surgical procedure, without isch-
emia; ischemia (I) – animals subjected to focal cerebral 
ischemia for 90 minutes, followed by reperfusion for 48 
hours, and then euthanized; alcohol (A) – animals receiv-
ing 20% ethanol for four weeks and then euthanized; and 
ischemia + alcohol (I + A) – animals submitted to the same 
treatment as group A as well as being submitted to focal 
cerebral ischemia for 90 minutes followed by reperfusion 
for 48 hours. Weekly measurements of the weight of the 
animals were performed for all study groups.

The alcoholic groups were conditioned for a brief period 
of gradual adaptation to the consumption of ethanol, which 
consisted of the supply of ethanol diluted in water, with its 
concentration gradually increased in weekly doses of 5%, 10% 
and 20%; the experimental phase started at the beginning of 
the third week of treatment.

Induction of focal cerebral ischemia
All animals were anesthetized by inhalation with halo-

thane and intubated with an orotracheal cannula and con-
trolled by glycemia and blood gas parameters. Middle cere-
bral artery occlusion was performed through the external 
carotid artery, which was cranially attached and sectioned 
for the retrograde introduction of a 2.5-cm-long obstruc-
tive 4-0 wire with a silicone-thickened end over a length of 5 
mm. The wire was introduced until it reached the common 
carotid artery and then progressed cranially through the 
internal carotid artery until it reached and obstructed the 
middle cerebral artery.

After the ischemia period, the obstructive wire was 
removed by placing temporary clamps on the common 
carotid artery and internal carotid artery to prevent blood 
flow reflux, and the external carotid artery proximal stump 
was firmly attached (4.0 Ethicon cotton thread). The skin 
and subcutaneous tissue were closed in the animals of 
groups I and I + A. Animals from these groups were eutha-
nized after 48 hours of reperfusion. For the animals in group 
A, euthanasia was performed after the treatment period 
with 20% ethanol.

After the euthanasia, the brains were removed, and 
placed in a steel mold (Matrix model – ASI Instruments, 
CBM-2000C, USA) used to perform coronal cuts. For the 
immunohistochemical analysis, we used a coronal section (2 
mm) that was made in the middle of the cerebellum region. 
After obtaining the coronal section, the manual immersion 
solution of 4% paraformaldehyde was started in 0.1 M phos-
phate buffer, pH 7.3 at room temperature.
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Coronal sections were cut 3 μm thick and prepared 
for immunohistochemistry for the protein expression of 
Caspase-9. The analysis was performed in three hot spot 
fields of the granular layer, molecular layer and Purkinje cells 
of the left cerebellar cortex and not in the glial cells. For anal-
ysis of protein expression, two fields with 400x magnifica-
tion were selected, where there was a higher concentration 
of positive or labeled cells (hot spot areas) for each protein 
under study.

The samples were submitted for immunohistochemical 
analysis by avidin-biotin-peroxidase (Novostain Super ABC 
Kit - Universal, NCL-ABCu, Novocastra Laboratories Ltd, 
Newcastle upon Tyne, UK) (pro-apoptotic - 229 CP-B / poly-
clonal rabbit, Biocare Medical) diluted 1/300 in 1.5% bovine 
serum albumin.

Samples were incubated with the MACH 4 Universal 
HRP-Polymer secondary antibody kit (M4BD534, Biocare 
Medical) and then with the same avidin-biotin-perox-
idase kit (1/200 in phosphate buffered saline). Finally, 
the reactions were developed with diaminobenzidine 
solution (3.3’-diaminobenzidine tetrahydrochloride, 
Sigma-Aldrich, Saint Louis, Missouri, USA) and the sec-
tions were stained with Harris hematoxylin. The slides 
were analyzed using the Zeiss Axioskop 2 plus model with 
magnification of 400x. The images of the fields used for 
protein quantification were recorded by the camera [Axio 
Cam Hrc (r)] coupled under the microscope and later 
archived in the Axio Vision 4.6 (r) program.

For analysis of miRNA expression, 1 mL of blood was col-
lected in a single moment for the four groups under study. 
With the real-time PCR method using the TaqMan Master 
Mix reagent (Applied Biosystems), the miRNA-21, miRNA-
126 and mi-RNA155 were analyzed.

As described, all were applied in duplicate and analyzed on 
the 7500 Sequence Detection System (Applied Biosystems).

The data on protein expression and immunohistochemi-
cal analysis in the various groups were statistically analyzed 
by the Kruskal-Wallis test, followed by Bonferroni’s post-test, 
using GraphPad Prism, version 5.00 for Windows, (GraphPad 
Software, San Diego, CA - USA). The level of significance was 
set at p < 0.05.

RESULTS

In the immunohistochemical analysis, the positive mark-
ing for the Caspase-9 protein was observed in all analyzed 
groups. Caspase-9 expression was higher in the I + A group in 
all the layers when compared with the other groups.

In the molecular layer in all analyzed groups, we observed 
a significant increase in the protein expression of Caspase-9 
(p = 0.0003) (Figure 1, Graph 1).

In the granular layer, a significant increase in the pro-
tein expression of Caspase-9 was observed in the I and I + A 
groups when compared with the other groups (p = 0.0002) 
(Figure 2, Graph 2). 
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Figure 1. Photomicrograph of the molecular layer of the left cerebellar hemisphere with positive nuclear marking for Caspase-9 - 
400x (A: Control Group, B: Sham Group, C: Ischemia Group, D: Alcohol Group, and E: Ischemia + Alcohol Group).
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In the analysis of the Purkinje cells, the comparison 
between the groups was statistically significant (p = 0.008) 
(Figure 3, Graph 3).

In the analysis of serum expression of miR-126 (Graph 4) and 
miR-155 (Graph 5), there were statistical significance differences 
between the analyzed groups (p = 0.0006 and 0.0002, respectively).

There was no statistical significance in the analysis of 
miR-21 serum expression.

DISCUSSION

The ischemic form of cerebrovascular disease occurs 
in about 80% of the cases, causing sequelae that vary 
depending on the location and the cerebral area affected 
by the suppression of oxygen, as well as the time taken 
to attend to the patient, causing motor and/or sensory 
impairment, aphasia, impairment in spatial orientation 
and memory deficits12,13,14.

In a study using the experimental model of focal cerebral 
ischemia through permanent occlusion of the right com-
mon carotid artery in seven-day-old rats, the cerebellar tis-
sue samples and brainstem samples were analyzed using 
the 2-deoxyuridine-5’-triphosphate-biotin nick-end labeling 
technique by checking the positive cells, since both sites were 
destroyed. In the cerebellum, positive cells were observed in 
the germinative layer, as well as randomly-distributed posi-
tive cells being observed in the granular layer. This positive 
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Figure 2. Photomicrograph of the granular layer of the left cerebellar hemisphere with positive nuclear marking for Caspase-9 
- 400x (A: Control group, B: Sham group, C: Ischemia group, D: Alcohol group, and E: Ischemia + Alcohol group), with arrows 
demonstrating positive marking between groups.
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Graph 1. Statistical analysis of the percentage of positive 
Caspase-9 cells in the cerebellar molecular tissue.
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labeling demonstrates an apoptotic and necrotic coloration 
that was clearly distinguished in both the germ-like outer 
layer and the granular layer. Some cells showed necrotic 
morphology, cellular edema and increased size, while others 

were smaller with apoptotic morphology and with the pres-
ence of apoptotic bodies. In the molecular layer of the cer-
ebellum, the number of apoptotic cells was significantly 
higher when compared with the necrotic cells. However, in 
the granular layer, the number of apoptotic cells and necrotic 
cells was similar. These findings indicated that the mecha-
nism of apoptosis had been unleashed in the cerebellum and 
brainstem, which are regions distant from the primary isch-
emic region. Therefore, the authors concluded that although 
the cerebellum and the brainstem were outside the vascular 
supply of the ligated artery, these regions had undergone the 
actions of neurodegeneration15,16.

Studies have shown that external factors have contrib-
uted to the increased probability of occurrence of focal cere-
bral ischemia; among them we found genetic, hormonal and 
environmental factors. Among the environmental factors, 
we emphasize diabetes mellitus, smoking, obesity, sedentary 
lifestyle and alcohol abuse17,18.

The main constituent of the molecular layer is its fibers, 
in a parallel arrangement, and containing cells arranged 
either in the outer layer, region of small branched axons, or 
stellate cells. The granular layer consists of a large number 
of small nerve cells with a reduced amount of cytoplasm, 
called granular cells. Purkinje cells are made of large pyri-
form cell bodies, lying between the molecular and granular 
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Figure 3. Photomicrograph of the Purkinje cells of the left cerebellar hemisphere with positive nuclear marking for Caspase-9 
- 400x (A: Control Group, B: Sham Group, C: Ischemia Group, D: Alcohol Group, and E: Ischemia + Alcohol Group), with arrows 
demonstrating positive marking in Purkinje cells.

%
 P

os
it

iv
e 

ce
lls

Control Sham Ischemia

Alcohol Ischemia + alcohol

Groups

Caspase – 9 – Granular layer

C S I AI I+A

**

*

***

50

40

30

20

10

0

Graph 2. Statistical analysis of the percentage of positive 
Caspase-9 cells in cerebellar granular tissue.
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layers. They have dendrites branching into the molecular 
layer forming a range of dendritic trees and an axon that 
travels into the granular layer and terminates in the central 
nuclei of the cerebellum4,19.

Many studies have demonstrated that miRNA expression 
could modulate neuronal survival after stroke by regulating 
target gene levels20.

In another study, miRNA-126 affected expression of 
stromal cell-derived factor 1 (SDF-1) in different ways. In 
normal endothelial cells, miR-126 repressed SDF-1 syn-
thesis by direct binding to SDF-1 messenger RNA. The 
normal level of miR-126 was sufficient to modulate the 
expression of SDF-1 and through this molecule, vascu-
lar cell adhesion 1. Under a high glucose condition asso-
ciated with endothelial cell dysfunction, the decrease in 
miR-126 expression could increase SDF-1 expression and 
also directly affect the migration and adhesion of progeni-
tor cells, further enhancing the outcome of stroke by cell 
differentiation endothelial cells21.

Among other functions of miRNAs, miR-155 is involved 
in the regulation of vascular and endothelial function. Its 
low regulation is accompanied by reduced inflammation 
and regeneration processes22,23. In addition to these multi-
ple functions, miR-155 is involved in the progression of mul-
tiple CNS disorders24.

In conclusion, this work enabled us to verify the activa-
tion of the mechanism of apoptosis (by the expression of the 
miRNAs-126 and 155 and the Caspase-9 protein) in the cer-
ebellum of the animals submitted to both cerebral ischemia 
and chronic alcoholism. However, further studies are needed 
to understand the role of other anti- or pro-apoptotic pro-
teins as well as other miRNAs. 
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Graph 4. Mean and standard deviation of miRNA-126 serum 
expression between the groups studied.
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Graph 5. Representation of the mean and standard deviation of 
the miRNA-155 serum expression between the groups studied.
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Graph 3. Statistical analysis of the percentage of positive 
Caspase-9 cells in Purkinje cells in cerebellum.
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