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Introduction
Stroke is the second leading cause of death in the world, second 

only to cardiovascular disease.1 In Brazil, however, strokes symbolize 
the leading cause of death, then, by acute myocardial infarction. The 
incidence of strokes increases progressively from the eighth decade of 
life onwards, similarly in both sexes.2 According to the World Health 
Organization (WHO), by 2030 stroke remains the second leading 
cause of death representing 12.2% of predicted deaths for the year.3

Stroke reflects high levels of morbidity and mortality, and when the 
patient does not die, it is very likely to have temporary or permanent 
functional disabilities.4 There are two classic forms of stroke: ischemic 
(vessel obstruction, hindering the supply of oxygen and substrates to 
brain tissue - the result of atherosclerotic or embolic processes) and 
hemorrhagic (extravasation of blood into or around central nervous 
system - intraparenchymal and subarachnoid structures, respectively).5

After spontaneous intracerebral hemorrhage, several patients die or 
become assiduously impaired. However, although this dire prognosis 
sometimes results from a late deterioration, it is still controversial the 
effectiveness of lesion early removal.6–11

Thus, in 1990, Nehls et al.12 presented in the Congress of 
Neurological Surgeons the journal: “Experimental Intracerebral 
Hemorrhage: Early Removal of a Spontaneous Mass Lesion Improves 
Late Outcome”,12 in which is discussed the validity of the early 
removal of the lesion caused by a spontaneous mass. This study is 
based on this experimental work and seeks to be based on current 
literature over penumbra area.13–18

Finally, having interpreted and compared the findings and 
histopathological alterations, the paper elucidates that in the groups 
of rats subjected to transient balloon inflation, the differences in blood 
flow from each cerebral hemisphere were surprisingly small. However, 
for the groups of rats subjected to the permanent balloon, blood flow 
rates were significantly worse in the ipsilateral balloon hemisphere: 
the main and mean levels of caudate nucleus blood flow; the main 
blood flow of the cerebral cortex; and blood flow in the area of cortical 
ischemia. Specific gravity was reduced in the areas surrounding the 
balloon insertion site after both temporary and permanent inflation 
and there was evidence of ischemic cell injury in all animals studied.

Therefore, based on this journal, this research proposed to 
analyze if the early removal of an experimental intracerebral mass 
brings benefits to the patient. However, this study differs through 
immunohistochemical analysis with the use of protein S-100, which is 
expressed by astroglia in the brain and accumulates around ischemic 
lesions.19 In addition, through stereotaxis, it was studied from the 
perspective of not just one variable, but two: the time and volume of 
the inflated balloon.

It is worth highlighting that stereotaxis is a technique employed 
since the twentieth century, which allows the introduction of brain 
implants precisely through a coordinate system. Currently, it is useful 
in animal experiments, especially rodents.20

Objectives
The objective of the present study was to analyze whether early 

removal of an experimental intracerebral mass alters cerebral blood 
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Abstract

The study aims to determine whether early removal of an experimental intracerebral 
mass alters neurological function. In four experimental series, 0.6mL and 0.8mL balloons 
were implanted by stereotaxis and inflated into the right caudate nucleus of rats. After 
1hour of insufflation, the brains were removed and studied by histopathological analysis. 
Immunohistochemical was included with protein S-100, marker of neuronal destruction. 
Four groups were formed (1A, 1B, 2A, 2B) and the variables: time and balloon volume 
was analyzed. In each series of the time variable, half of the animals had a 0.8mL balloon 
inflated for three minutes (Group 1A), and the other half had a 0.8mL balloon inflated 
for ten minutes (Group 2A). In the variable balloon volume series, half of the animals 
had a 0.6mL balloon inflated for 6 minutes (Group 1B), while the other half had a 0.8mL 
balloon inflated for 6minutes (Group 2B). In the qualitative and quantitative analysis of the 
parameters, the shortest group (group 1A), either there was no lesion, or there was partial 
loss of nervous tissue, while the longest group (group 2A) presented edema and cerebral 
parenchymal necrosis, reaching 35% of nuclear pyknosis. In the volume dependent groups 
(groups 1B and 2B), the findings were similar, both with about 30% of pyknotic nuclei. 
Thus, time was the major determinant of injury, reiterating the prognostic importance of 
early removal of a spontaneous intracerebral mass.

Keywords: brainischemia, Caudate nucleus, Immunohistochemical, intracerebral mass, 
S100 proteins
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flow, brain water content, or neurological function after one hour and 
to analyze histological changes in the affected region.

Methods
The present project was submitted for evaluation of the Ethics 

Committee on Animal Use (CEUA) of the FCMS-PUC/SP and 
subsequently approved by the same- n° 2017/83.

Twenty adult (Wistar) rats weighing approximately 600 and 
800grams, aged from 6months to 1year, were placed in cages kept 
in a controlled temperature environment (25±2 °C) and exposed to 
light for a daily period of 12hours (7:00-19:00h). The animals had 
access ad libitum to the commercial ration. The animals used in 
this study were from the animal health Sciences Faculty of PUC-SP 
(FCMS, PUC/SP). On the day of the experiment, the animals were 
submitted to sedation with ketamine base-50mg/ml (Ketalar®) at a 
dose of 35-40 mg/kg, Intramuscular, associated with xylazine 10mg/
ml (Coopazine®). At a dose of 5-6mg/kg, also intramuscularly 
applied to the lateral musculature of the thigh with insulin syringe and 
20G needle. These associated drugs cause a sedative effect that lasts 
around 1hours, long enough to perform the surgery.

Then, they were placed in a stereotactic apparatus. The skull was 
exposed and a trepanation hole was made with refrigerated saline 
dental drill at a point located on the right caudate nucleus, using 
stereotactic coordinates, which were: on the anteroposterior axis, 1, 
3mm caudal relative to the line Interaural; on the side-lateral axis, 
1, 6mm towards the right side; in the dorsoventral axis, 3, 46mm 
superiorly to the Interaural line, previously established by the 
consultation with the Stereotactic Atlas.

A 15-Fogart F-4 Micro balloon was mounted at the end of a 
23-gauge needle, connected to a Micro syringe (Hamilton Bonaduz 
AG, Bonaduz, Switzerland). The balloons were inserted in the center 
of the caudate nucleus by Stereotactic apparatus (Narishige, Japan) 
following the pattern of Stereotactic Atlas for Rats (Paxinos and 
Watson, 1986). Then, the balloons were inflated according to the 
experimental groups.

a.	 The materials used in the procedure were all sterilized in an 
autoclave system.

b.	 The animals were divided into 4 groups, described below:

c.	 Groups (1A, 2A, 1B, 2B).

Group 1A: Consists of the use of 5 animals, in which the time variable 
was  analyzed by inflation of a 0.8mL balloon for 3minutes.

Group 2A: Consists of the use of 5 animals, in which the time variable 
was analyzed by inflation of a 0.8mL balloon for 10minutes.

Group 1B: Consists of the use of 5 animals, in which the variable 
balloon volume was analyzed by inflation of a 0.8mL balloon for 
6minutes.

Group 2B: Consists of the use of 5 animals, in which the variable 
balloon volume was analyzed by inflation of a balloon of 0,6mL 
balloon for 6minutes.

Qualitative neuropathological studies 

After being sacrificed, the rats had their brains removed and stored 
in a solution of acetic formaldehyde and methoic acid. Subsequently, 
the brains were sent for histological analysis according to the 

techniques used for light microscopy, using paraffin as a means of 
inclusion and staining by Hematoxylin, eosin and a combination of 
fast blue Luxol with Cresyl Violet. The Immunohistochemical method 
was used in paraffin sections with buffer solution and an anti-protein 
antibody S-100 (marker of neuronal death), by means of avidin biotin 
or immunoperoxidase, analyzed with Chromogen diaminobenzidine 
under magnification Microscopic number of cells stained with S-100.

The immune-histopathological analysis was performed by the 
Laboratory of Pathology and Cytology of Sorocaba and the laboratory 
of Molecular Biology of the Faculty of ABC.

Figure 1 Rat belonging to group 1A - hemisphere ipsilateral to balloon 
inflation with S-100 staining - conserved brain tissue. Sorocaba/SP/Brazil, 
2017/2018.

Figure 2 Rat belonging to group 1A– hemisphere ipsilateral to balloon 
inflation with S-100 staining, discreet edema with necrosis. Sorocaba/SP/Brazil, 
2017/2018

Figure 3 Rat belonging to group 2A - hemisphere ipsilateral to balloon 
inflation with S-100 staining - extensive edema with brain tissue necrosis and 
nuclear pyknosis. Sorocaba/SP/Brazil, 2017/2018
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Figure 4 Rat belonging to group 2A - hemisphere ipsilateral to balloon 
inflation with S-100 staining - presence of intense edema, loss of cell 
boundaries, characterizing necrosis with Purkinje cell destruction and nuclear 

pyknosis. Sorocaba/SP/Brazil, 2017/2018

Figure 5 Rat belonging to group 1B - hemisphere ipsilateral to balloon 
inflation with S-100 staining - extensive edema and necrosis of nervous tissue. 

Sorocaba/SP/Brazil, 2017/2018

Figure 6 Rat belonging to group 1B - hemisphere ipsilateral to balloon 
inflation with S-100 staining - Purkinje cell necrosis with nuclear pyknosis. 

Sorocaba/SP/Brazil, 2017/2018

Figure 7 Rat belonging to group 2B - hemisphere ipsilateral to balloon 
inflation with S-100 staining - strong edema and partial necrosis of nervous 
tissue. Sorocaba/SP/Brazil, 2017/2018

Figure 8 Rat belonging to group 2B - hemisphere ipsilateral to balloon inflation 
with S-100 staining - edema and necrosis of nervous tissue, with Purkinje cell 

apoptosis and with pyknosis of nuclei. Sorocaba/SP/Brazil, 2017/2018

Figure 9 Stereotactic apparatus and other materials for neurosurgery. 

Sorocaba/SP/Brazil, 2017/2018
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Figure 10 Stereotactic Atlas for Rats. Sorocaba/SP/Brazil, 2017/2018

Figure 11 Start of surgery by scalping the rat - access to the skull. Sorocaba/

SP/Brazil, 2017/2018

Figure 12 Drill for cranial perforation at the location indicated by the 

stereotactic atlas. Sorocaba/SP/Brazil, 2017/2018

Figure 13 Microballoon15 Fogart F-4. Sorocaba/SP/Brazil, 2017/2018

Figure 14 Rat positioned in stereotactic apparatus after inflation of the 
respective balloons. Sorocaba/SP/Brazil, 2017/2018

Results
During the project, a total of twenty Wistar rats were submitted 

to the stereotactic procedure and their brains were analyzed and 
compared by histopathological findings and immunohistochemical 
analysis of S-100 protein. Thus, each study group had a N of 5 rats.
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The following will be presented, in full, the data obtained in the 
histopathologic and immunohistochemical analysis of the hemisphere 
ipsilateral to balloon inflation:

Analysis of the hemisphere ipsilateral to balloon 
inflation

Group 1A: Consists of the use of 5 animals, in which the time variable 
was analyzed by inflation of a 0.8mL balloon for 3minutes (Table 1).

Group 2A: Consists of the use of 5 animals, in which the time variable 
was analyzed by inflation of a 0.8mL balloon for 10minutes (Table 2).

Group 1B: Consists of the use of 5 animals, in which the variable 
balloon volume was analyzed by inflation of a 0.8mL balloon for 
6minutes (Table 3).

Group 2B: Consists of the use of 5 animals, in which the variable 
balloon volume was analyzed by inflation of a balloon of 0, 6mL 
balloon for 6minutes (Tables 4 & 5).

Table 1 Analysis of the ipsilateral hemisphere to balloon inflation in group 1A, Sorocaba/SP/Brazil, 2017/2018

Edema formation Presence of necrosis Pyknotic nuclei

Rat 1 Absence of edema, preserved brain area Absence of necrosis Absence of pyknotic nuclei

Rat 2 Discrete edema
Partial necrosis of
Brain tissue

Presence of 25% of pyknotic 
nuclei

Rat 3 Absence of edema, preserved brain area Absence of necrosis Absence of pyknotic nuclei

Rat 4 Discrete edema Partial necrosis of
Brain tissue

Presence of 25% of pyknotic 
nuclei

Rat 5 Discrete edema Partial necrosis of
Brain tissue

Presence of 25% of pyknotic 
nuclei

Table 2 Analysis of the ipsilateral hemisphere to balloon inflation in group 2A, Sorocaba/SP/Brazil, 2017/2018

Edema formation Presence of necrosis Pyknotic nuclei
Rat 1 Extensive brain parenchyma edema Accentuated brain tissue necrosis Presence of 35% of pyknotic nuclei
Rat 2 Extensive brain parenchyma edema Accentuated brain tissue necrosis Presence of 35% of pyknotic nuclei
Rat 3 Cerebral tissue strongly edematous Intense necrosis with Purkinje cells loss Presence of 35% of pyknotic nuclei
Rat 4 Extensive brain parenchyma edema Accentuated brain tissue necrosis Presence of 35% of pyknotic nuclei
Rat 5 Cerebral tissue strongly edematous Intense necrosis with Purkinje cells loss Presence of 35% of pyknotic nuclei

Table 3 Analysis of the ipsilateral hemisphere to balloon inflation in group 1B, Sorocaba/SP/Brazil, 2017/2018

Edema formation Presence of necrosis Pyknotic nuclei
Rat 1 Extensive brain parenchyma edema Intense necrosis with Purkinje cells loss Presence of 30% of pyknotic nuclei
Rat 2 Extensive brain parenchyma edema Accentuated brain tissue necrosis Presence of 30% of pyknotic nuclei
Rat 3 Extensive brain parenchyma edema Intense necrosis with Purkinje cells loss Presence of 30% of pyknotic nuclei
Rat 4 Cerebral tissue strongly edematous Accentuated brain tissue necrosis Presence of 30% of pyknotic nuclei
Rat 5 Extensive brain parenchyma edema Intense necrosis with Purkinje cells loss Presence of 30% of pyknotic nuclei

Table 4 Analysis of the ipsilateral hemisphere to balloon inflation in group 2B, Sorocaba/SP/Brazil, 2017/2018

Edema formation Presence of necrosis Pyknotic nuclei
Rat 1 Cerebral tissue strongly edematous Accentuated brain tissue necrosis Presence of 30% of pyknotic nuclei
Rat 2 Extensive brain parenchyma edema Intense necrosis with Purkinje cells loss Presence of 30% of pyknotic nuclei
Rat 3 Extensive brain parenchyma edema Intense necrosis with Purkinje cells loss Presence of 30% of pyknotic nuclei
Rat 4 Extensive brain parenchyma edema Accentuated brain tissue necrosis Presence of 30% of pyknotic nuclei
Rat 5 Cerebral tissue strongly edematous Accentuated brain tissue necrosis Presence of 30% of pyknotic nuclei

Table 5 Average Pyknotic Nuclei. Sorocaba/SP/Brazil, 2017/2018
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Discussion
The study aimed to determine whether the early removal of an 

experimental intracerebral mass alters cerebral blood flow, cerebral 
water content, neuropathological findings or neurological function 
after 1hour. Thus, two variables were used, the balloon inflation time 
and the balloon inflation volume.

After histopathological investigation in addition to the 
immunohistochemical of S-100 protein, a qualitative analysis and 
quantitative analysis of the blades was performed, concluding that the 
variable time is the one that exerts the greatest impact on the extent 
and repercussion of the brain injury.

In the 5 brains of group 1A, that is, those in which the balloon was 
inflated with a volume of 0.8mL for only 3 minutes, was where the 
lowest rate of brain injury was observed. Two of the five rats had their 
respective nervous tissues fully preserved and the remaining three 
presented significantly milder edema and necrosis than groups 2A, 1B 
and 2B in the hemisphere ipsilateral to balloon inflation. Thus, they 
obtained a nuclear pyknosis average of only 15%.

The group 2A, that is, the one in which the balloon was inflated 
with a volume of 0.8 mL for 10 minutes, was, precisely, which 
showed a higher degree of loss of brain parenchyma. The 5 brains 
of this group suffered intense necrosis and edema in the hemisphere 
ipsilateral to the balloon implantation and about 35% of their nuclei 
became pyknotic, thus representing the highest mean of nuclear 
pyknosis of the 4 study groups. Regarding the volume, there were 
no notable differences between one group and the other. The results 
were extremely similar. In group 1B, the one in which the balloon was 
inflated with a volume of 0.8mL for 6 minutes, the 5 brains revealed 
important necrosis and edema in their hemispheres ipsilateral to the 
balloons and obtained about 30% of nuclear pyknosis.

In group 2B, the one in which the balloon was inflated with a 
volume of only 0.6mL for 6 minutes, four brains suffered extensive 
necrosis and edema, and only 1 brain had partial necrosis of the 
nervous tissue. The mean nuclear pyknosis was also about 30%.

Thus, it was evidenced that the balloon inflation time was the 
greatest determinant in the size and vastness of the lesion, while the 
volume little distinction caused. At the shorter time group, that is, 
3minutes of inflation, it was where less damage to the nervous tissue 
was visualized and the at the longest time group, which corresponds to 
10minutes of inflation, was, explicitly, the most injury to the cerebral 
parenchyma.

Therefore, it reinforces the result shown in the “Experimental 
intracerebral mass: time related effects on local cerebral blood flow”,14 
the greater the inflation time of the balloon, the greater the area of 
Penumbra formed. In other words, more severe is the ischemic lesion 
of the cerebral parenchyma.

However, when confronting the “Early hemodynamic changes in 
experimental intracerebral hemorrhage”,16 it is possible to identify 
that the volume of a cerebral hemorrhagic lesion implies an impact 
greater than the volume of a mass lesion. In this study, the variation 
in the volume of the balloon had little to do with regard to cerebral 
pyknosis and loss of neuronal density and in the “Early hemodynamic 
changes in experimental intracerebral hemorrhage”16 it was attested 
that the degree of ischemia by bleeding brain was volume dependent.

Finally, the findings of this research reiterate the discovers of the 
paper “Experimental Intracerebral Hemorrhage: Early Removal of a 

Spontaneous Mass Lesion Improves Late Outcome”,12 stating that the 
earlier is the removal of an intracerebral mass, the lower the area of 
penumbra.

Conclusion
Thus, it is reiterated how fundamental it is for the prognosis of 

the patient to early withdrawal of a spontaneous intracerebral mass. It 
would be extremely interesting to continue and deepen in this project, 
in order not only to analyze the histopathological findings, but also 
with a real-time cerebral flow meter. In this way, it could be precisely 
measured the changes in the cerebral circulation as a function of 
balloon inflation.
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