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SUMMARY:  This study aimed to investigate the morphometric and the pattern of protein and gene expression related to the
extrinsic apoptotic pathway in experimental focal cerebral ischemia and the hole of neuroprotection with hypothermia and ketoprofen.
For this analysis, 120 rats were randomly divided into 3 groups (20 animals each): control - no surgery (20 animals); sham - simulation
of surgery (20 animals); ischemic - focal ischemia for 1 hour, without reperfusion (80 animals) and divided into four subgroups with 20
animals each: ischemic + intraischemic hypothermia; ischemic + previous intravenous ketoprofen, and ischemic + hypothermia and
ketoprofen. The infarct volume was measured using morphometric analysis of infarct areas defined by triphenyl tetrazolium chloride and
the patterns of expression of the apoptosis genes (Fas, c-Flip, caspase-8 and caspase-3) and the apoptosis protein caspase-3 were evaluated
by quantitative real-time PCR and immunohistochemistry, respectively. Hypo expression of genes of extrinsic pathway of apoptosis was
observed: Fas receptor, c-Flip and caspase-8 in the ischemics areas. Increases in the gene and protein caspase-3 in the ischemic areas
were also observed, and these increases were reduced by hypothermia and ketoprofen, also noted in the morphometric study. The
caspases-3 increase suggests that this gene plays an important role in apoptosis, probably culminating in cell death and that the
neuroprotective effect of hypothermia and ketoprofen is involved.
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INTRODUCTION

Despite the democratization of access to information
related to the prevention of conditions such as cerebral
ischemia, this is one of the main causes of morbidity and
mortality worldwide. The costs associated with the
occurrence of stroke should reach 240.67 billion by 2030
according to the American Heart Association indicating that
the development of therapies that can effectively act in the
prevention or containment of the damage of this disease is
very necessary. Studies have shown that agents such as
hypothermia, neuromodulation therapy, and stem cell

therapies should be considered for treatment of stroke and
general ischemia (Lee et al., 2018). One of the main
processes involved in nerve tissue damage after cerebral
ischemia is apoptosis. This receptor recruits to the same
aggregate the pro-caspases-8 which activates the caspases-
8 in the death-inducing signaling complex (DISC), which
in turn can activate the caspases-1 and caspases-3. The last
ones will then execute the apoptotic death of the cell. Proteins
called c-Flip, with an anti-apoptotic action, act by competing
with caspase-8 for DISC binding (Thorburn, 2004).
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Several pharmacological procedures have been used
in an attempt to reduce the area involved in the ischemic
process. Among them, hypothermia, and anti-inflammatory
drugs (Asanuma et al., 1997; Dietrich et al., 1999; Dias et
al., 2000) and hypothermia in combination with anti-
inflammatory drugs (Dietrich et al.), has proved to be
effective in providing protection after cerebral ischemia.
Anti-inflammatory agents are used to attenuate the
inflammatory response triggered by the ischemic
phenomenon (Dietrich et al.), and neuroprotective agents
such as hypothermia, ketoprofen and hypothermia +
ketoprofen have proven effective in previous studies in our
group. This hypothesis was suggested by the reduction of
gene and protein expression of HSP70 (Tirapelli et al., 2010).

This study aimed to investigate the pattern of
expression of the genes related to the extrinsic apoptotic
pathway (Fas receptor, c-Flip, caspase-8 and caspase-3), in
an experimental model of transient focal cerebral ischemia
without reperfusion and the hole of neuroprotection with
hypothermia and ketoprofen.

MATERIAL  AND METHOD

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) of the Faculty of Medicine of Ribeirão
Preto, University of São Paulo (Protocol nº 0347/2005). One
hundred and twenty adult male rats (Rattus norvegicus)
weighing 280-310 g were used. The animals were randomly
divided into 3 experimental groups: control (C), 20 animals
sacrificed without being submitted to the surgical procedure;
sham (S), 20 control animals submitted to complete
simulation of the surgical procedure but without obstruction
of the middle cerebral artery (MCA) and then sacrificed,
and ischemic (I), 80 animals submitted to focal ischemia by
occlusion of the MCA for 1 hour and then sacrificed. This
group was subdivided into 4 subgroups of 20 animals each:
ischemic subgroup (Sg I), ischemic subgroup submitted to
hypothermia (Sg IH), ischemic subgroup treated with
ketoprofen (Sg IK), and ischemic subgroup submitted to
hypothermia and treated with ketoprofen (Sg IHK). Ten
animals from each experimental group, for a total of 60
animals, were used for the delimitation of the ischemic area
using a morphometric method for controlling of the efficacy
and extension of the ischemia.

Induction of Cerebral Ischemia. All animals were partially
anesthetized by halothane inhalation and intubated with an
orotracheal cannula. At two times during the ischemic period,

arterial blood samples were collected for the determination
of glycemia, paCO

2
, paO

2
 and pH. The animals in the Sg IH

subgroup were submitted to moderate intra-ischemic
hypothermia (32-34 ºC) by anesthesia itself and by air
conditioning the room, the animals in the Sg IK subgroup
received an intravenous injection of ketoprofen at the dose
of 10 mg/kg body weight 5 minutes before the induction of
ischemia, and the animals in the Sg IHK subgroup were
submitted to intra-ischemic hypothermia and similarly
injected with ketoprofen. MCA occlusion was carried out
through the external carotid artery which was ligated
cranially and sectioned for the retrograde introduction of a
2.5 cm long obstructive 4-0 mononylon suture with one end
thickened with silicone over an extension of 5 mm (Carlotti
Jr. et al., 2001). The suture was introduced until to reach the
common carotid artery and then cranially progressed through
the internal carotid artery until to reach and to obstruct the
MCA.

Morphometric analysis of infarct volume. Infarct
volumes were measured by morphometric analysis of infarct
areas that were defined by 2,3,5-triphenyl tetrazolium (TTC).
The brains of the animals were removed and cut into coronal
sections using a rat brain matrice and were placed in a 2 %
solution of the dye TTC, developed at 37 ºC for 30 minutes,
and then stored in 10 % buffered formalin solution. Cross-
sectional area of the TTC-stained region for each brain slice
was determined using an image analyzer (Axion vision 4.6
– Carl Zeiss). After integration of these stained areas, the
indirect method of Swanson et al. (1990) was used to deter-
mine infarct volume (subtraction of residual left hemisphere
cortical volume from the cortical volume of the intact right
hemisphere).

Analysis of Protein Expression by
immunohistochemistry. The samples were embedded in
paraffin and coronal sections (3 mm) of the brain were
incubated with 3 % H

2
O

2
 and Pierce solution to block

endogenous peroxidase and biotin, respectively. Sections
were subsequently incubated with primary antibody against
caspase-3 (1:200 dilution-CPP32, Novacastra®) and with
biotin-conjugated secondary anti-rabbit antibody (1:1000;
Vector Laboratories Inc., Burlingame, CA) and streptavidin-
conjugated peroxidase (Vecstatin Abc kit, Vector
Laboratories Inc.). Color was developed by the addition of
DAB (Sigma Chemical, St. Louis, MO). To evaluate the
background reaction, procedures were also performed in
sections incubated only with the secondary antibodies
(indirect technique) or in the absence antibodies (direct
technique). For the analysis of protein expression of caspase-
3, a field in an increase of 400x in the area where there was
greater concentration of positive cells or marked (areas of
"hot spots") was selected in each layer of
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immunohistochemical reaction. The number with positive
staining for caspase-3 was measured by using a camera (Axio
Cam, Zeiss, Germany) and the program Axiovision 4.6
(Zeiss, Germany).

RNA extraction and cDNA synthesis. After removal of the
brain, the cortex of the left cerebral hemisphere was isolated
and a sample measuring 7 mm in diameter was punched out
for a biopsy centered along the MCA. The samples were
placed in cryotubes and stored in liquid nitrogen at – 196 ºC
until the time for RNA extraction. For this procedure, 250
ml PBS + 750 ml TRIZOL were added to the brain tissue
samples which were then lysed in a Polytron homogenizer
for about 3 minutes. Next, total RNA was extracted by the
TRIZOL method (Invitrogen, Carlsbad, CA, USA) according
to manufacturer instructions.

Analysis of Gene Expression Patterns by RQ-PCR. For
the quantitative analysis of the genes under study, Fas (Rn
00596168), c-Flip (Rn 00589205), caspase-8 (Rn 00574069)
and caspase-3 (Rn 00563902), we used the commercially
available system TaqMan Assay-on-demand, which consists
of oligonucleotides and probes (Applied Biosystems, Foster
City, CA, USA). Reverse transcription was performed using
4 mg total RNA for each sample in 40 mL of the total reaction
mixture, with the addition of oligo (dT)20 (Cat.No. 18418-
020, Invitrogen) and Superscript II reverse transcriptase (Cat.
No. 18064-022, Invitrogen), according to manufacturer
instructions. The cDNA obtained was diluted 1:10 and 2.5
mL was used for each 15 mL of the RQ-PCR mixture using
the TaqMan Master Mix (Applied Biosystems).

Statistical Analysis. The expression of the genes and protein
under study showed normal distribution in the various
groups. Data concerning the mean gene and protein
expression in the various groups were analyzed statistically
by one-way ANOVA followed by the Bonferroni post-test
using the GraphPad Prism software, version 4.00 for
Windows, (GraphPad Software, San Diego, CA, USA). The
level of significance was set at p < 0.05 for two-tailed tests.

RESULTS

The morphometric analysis of rats subjected to a 60
minutes period by occlusion of the MCA showed that the
infarct area corresponding to the territory of irrigation of
the MCA was clearly observed in the animals of the ischemic
group (Fig. 1).

The analysis of the percentage of the volume of
ischemic area in relation to the normal hemisphere among the
animals of the ischemic group with neuroprotection (SgIH, SgIK
and SgIHK) revealed a smaller area of infarction in relation to
animals of the isquemic subgroup (SgI) (p<0.0001, one-way
ANOVA, p = 0001, Bonferroni post-test (Fig. 2), and similar
areas to that observed in animals of the control group. The mean
expression of the Fas, c-Flip and caspase-8 genes, presented in
Figures 3, 4 and 5, respectively, was reduced in all groups, with
no statistically significant difference between them: Fas (p =
0,0768, one-way ANOVA), c-Flip (p = 0,9641, one-way
ANOVA) and caspase-8 (p = 0,5643, one-way ANOVA).

Fig. 1. Images from the dorsal and ventral views of the coronal sections of the brain of animal control groups (C),
sham (S) and ischemic (I), respectively, after staining with TTC. The area of the two brain hemispheres, the right brain
hemisphere and the area of infarction are demarcated in red. The left brain hemisphere is seen in cuts 3, 3 and 2.
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Fig. 2. Percentages of volume of ischemic area in relation to the normal hemisphere among animals of
the ischemic group. Significant difference (p < 0.0001, one-way ANOVA, SgI > SgIH, SgIK and SgIHK:
p = 0.001, post-test of Bonferroni).

Fig. 3. Gene expression of the Fas receptor gene in the groups studied. Data are reported as means ± SD.

Fig. 4. Gene expression of the c-Flip receptor gene in the groups studied. Data are reported as means ±
SD.
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Fig. 5. Gene expression of the caspase-8 gene in the groups studied. Data are reported as means ± SD.

Analysis of protein expression of caspase-3 by
immunohistochemistry (Fig. 6) showed that in all animals
of the group SgI it was intermediate (+ +) with the average
percentage of positive cells of 41.25 %; in group SgIH it
was intermediate (+ +) for most animals, with low intensity
(+) only in animals 3, 4, 6 and 8 and the average percentage
of positive cells of 24.06 %; in the group SgIK it was low
(+) in most animals, with intermediate intensity (+ +) in
animals 2, 4, 6 and 7 and the average percentage of positive
cells of 26.22 %; and in the group SgIHK expression was
low (+) in most animals, with intermediate intensity (+ +) in
animals 1, 3, 5 and 7 and with the average percentage of
positive cells of 24.15 %.

Fig. 7. Mean and standard deviation of the percentage of positive
cells to caspase-3 antibody in the ischemic group.

Fig. 6. Photomicrography of the expression of caspase-3 antibody in the ischemic
group. Positive cells in the nervous tissue to the antibody (*); (400x).

Figure 7 shows the mean and stan-
dard deviation of the percentage of positive
cells to caspase-3 antibody in the ischemic
group. There was statistically significant
difference (p <0.0001 one-way ANOVA)
between the subgroups SgIxSgIH (p
<0.001), SgIxSgIK (p <0.001) and
SgIxSgIHK (p <0.001), Bonferroni post test.
The Figure 8 illustrates the mean expression
of the caspase-3 gene in the experimental
groups. The expression in the animals of the
ischemic group was higher when compared
with control and sham (p = 0.0001, one-way
ANOVA, p < 0.05, Bonferroni post test) and
it was lower in the animals of the ischemic
treated groups (SgIH, SgIK and SgIHK)
compared to control, sham and ischemic
(SgI) animals (p = 0.0001, one-way
ANOVA, p < 0.01, Bonferroni post-test).
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DISCUSSION

Several morphometric changes are detected in the
affected cerebral area after experimental cerebral ischemia,
including neuronal and glial cell death by apoptosis (Thorburn,
2004; Matsumori et al., 2005; Siegelin et al., 2005; Zhang et
al., 2006). Apoptosis exhibits distinct morphologic
characteristics and biochemical changes depending on the
pathway through which it occurs.

Protection by hypothermia is associated with inhibition
of apoptosis via extracellular or receptor-mediated pathways,
i.e., by inhibition of Fas ligand cleavage (FasL). The decrease
in soluble FasL presumably inhibits binding and, in turn, re-
duces the activation of caspase-8. FasL has a protein without
a Golgi device called dinamin. One study identified the
correlation between hypothermia and its anti-apoptotic effects,
suppressing the dynamin (Kim et al., 2017). In our studies, no
changes were observed in Fas receptor levels.

 Cho et al. (2003) and Kao et al. (2006), observed
activation of caspase-8 in rats after the induction of ischemia
followed by reperfusion. Matsumori et al. showed that after
induction of focal ischemia in transgenic mice there was a
reduction of caspase-8 cleavage, possibly due to the increase
in c-Flip, protein inhibitor of apoptosis. Harrison et al. (2001),
detected increased mRNA for the Fas receptor accompanied
by high levels of expression of mRNA for caspase-8. The
authors also observed a transitory reduction of caspase-8 levels
in both cerebral hemispheres. This reduction was suggested
to be due to an acute effect of the procedure of MCA occlusion
and was explained as a response to stress, although the
mechanism was not clear. We did not find overexpression of
caspases-8, c-Flip and Fas. The low expression of c-Flip was
possibly related to the low activation of apoptosis by the
extrinsic pathway in the ischemic animals, explaining the low

competition between caspase-8 and c-Flip for DISC binding
and the consequent blockade of the apoptotic process
(Thorburn et al., 2004). Another hypothesis is that these genes
(Fas receptor, caspase-8 and c-flip) related to the extrinsic
pathway of apoptosis were not expressed, because only
intrinsic pathway has been activated.

A recent study evaluated some parameters such as
neurological deficits, infarct volume and the expression of
nestin and caspase-3 in the hippocampus region after cere-
bral artery occlusion followed by reperfusion with mild
hypothermia treatment. Results demonstrated that
hypothermia promoted, among others: significantly survival,
reduction in mortality, improvement of neurological deficit
score, reduction of cerebral infarction volume, inhibition of
apoptosis in the injured hemisphere. In addition, the number
of caspase-3 positive cells correlated with the neurological
deficit score, but not with the infarct volume (Yu et al., 2017).
These data suggest an important role of caspase 3 in death
by apoptosis in ischemic processes. A significant reduction
of the activation of caspase-2 and -3 was observed in studies
based on the induction of focal ischemia by the occlusion of
the common carotid artery (CCA) in neonatal rats submitted
to hypothermia for different periods of post-ischemic
reperfusion, indicating a reduction of cerebral apoptotic cell
death (Zhu et al., 2006).

We have noticed a decrease in the levels of protein
and gene expression of caspase-3 in the group treated with
hypothermia, with ketoprofen and with hypothermia and
ketoprofen together. For morphometric analysis, we also
observed a decrease in the ischemic area in animals, after
treatment with hypothermia, with ketoprofen and with
hypothermia and ketoprofen together. The increased
expression of caspase-3 in the ischemic areas and its decrease
with the use of neuroprotection, suggest activation of the
intrinsic pathway in the ischemic process.

Fig. 8. Gene expression of the caspase-3 gene in
the groups studied. Data are reported as means ±
SD. The deviation bars indicate a  95 % confidence
interval. .

TIRAPELLI, D. P. C.; CIRINO, M. L. A.; CARVALHO, C. A. M.; NOVAIS, P. C.; FIGUEREDO, R. Z.; PORSANI, L. B.; GULA, I. S.; RODRIG UES, A. R.; SILVA, J. P.; PEREIRA, A. L.;
NETO, F. S. L.; SCHIMMING, B. C.; TAZIMA, M. F. G. S.; FAZAN, V. P. S.; CARLOTTI, JR., C. G.; TIRAPELLI, L. F. & COLLI, B. O. Morphometric analysis and pattern of protein and

gene expression of apoptosis in focal cerebral ischemia in rats and the neuroprotetive action of hypothermia and ketoprofen. Int. J. Morphol., 38(3):523-529, 2020.



529

CONCLUSIONS

The increase in the pro-apoptotic caspase-3 gene
expression observed in the ischemic animals was reduced
by neuroprotection (hypothermia and ketoprofen). The
caspases-3 increases in the ischemic area suggests that
culminating in cell death and that the neuroprotective effect
of both, hypothermia and ketoprofen is directly involved
with the caspase-3.
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RESUMEN: Este estudio tuvo como objetivo investigar
la morfometría y el patrón de expresión de proteínas y genes rela-
cionados con la vía apoptótica extrínseca en la isquemia cerebral
focal experimental y el agujero de neuroprotección con hipoter-
mia y ketoprofeno. Se dividieron aleatoriamente 120 ratas en 3
grupos (20 animales cada uno): control - sin cirugía (20 anima-
les); simulación - simulación de cirugía (20 animales); isquemia -
isquemia focal durante 1 hora, sin reperfusión (80 animales) y
dividida en cuatro subgrupos con 20 animales cada uno: isquemia
+ hipotermia intraisquémica; isquemia + ketoprofeno intravenoso
previo, e isquemia + hipotermia y ketoprofeno. El volumen del
infarto se midió utilizando un análisis morfométrico de áreas de
infarto definidas por cloruro de trifenil tetrazolio y los patrones
de expresión de los genes de apoptosis (Fas, c-Flip, caspase-8 y
caspase-3) y la proteína de apoptosis caspase-3 fueron evaluados
por PCR cuantitativa en tiempo real e inmunohistoquímica, res-
pectivamente. Se observó hipoexpresión de genes de la vía ex-
trínseca de la apoptosis: receptor Fas, c-Flip y caspasa-8 en las
áreas isquémicas. También se observaron aumentos en el gen y la
proteína caspasa-3 en las áreas isquémicas y estos aumentos se
redujeron por hipotermia y ketoprofeno, también observado por
estudio morfométrico. El aumento de caspasas-3 sugiere que este
gen tiene un papel importante en la apoptosis, y probable causa de
muerte celular, involucrando el efecto neuroprotector de la hipo-
termia y el ketoprofeno.

PALABRAS CLAVE: Apoptosis; Expresión génica;
Caspasa-3; Isquemia cerebral; Neuroprotección; Hipotermia;
Ketoprofeno.
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