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Abstract: This work aimed at determining the ideal ischemia time in an in vitro ischemia-reperfusion model of spinal 
cord injury. Rat spinal cord slices were prepared and then exposed or not to oxygen deprivation and low glucose 
(ODLG) for 30, 45, 60, 75 and 90 minutes. Cell viability was assessed by triphenyltetrazolium (TTC), lactate dehy-
drogenase (LDH) release, and fluorochrome dyes specific for cell dead (ethidium homodimer) using the apotome 
system. Glutamate release was enzymatically measured by a fluorescent method. Gene expression of apoptotic fac-
tors was assessed by real time RT-PCR. Whereas spinal cord slices exposed to ODLG exhibited mild increase in fluo-
rescence for 30 minutes after the insult, the 45, 60, 75 and 90 minutes caused a 2-fold increase. ODLG exposure 
for 45, 60, 75 or 90 minutes, glutamate and LDH release were significantly elevated. nNOS mRNA expression was 
overexpressed for 45 minutes and moderately increased for 60 minutes in ODLG groups. Bax/bcl-xl ratio, caspase 9 
and caspase 3 mRNA expressions were significantly increased for 45 minutes of ODLG, but not for 30, 60, 75 and 
90 minutes. Results showed that cell viability reduction in the spinal cord was dependent on ischemic time, result-
ing in glutamate and LDH release. ODLG for 45 minutes was adequate for gene expression evaluation of proteins 
and proteases involved in apoptosis pathways. 
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Introduction

Ischemic spinal cord injuries are observed in 
acute mechanical traumas and secondary to 
vascular and tissue insult, leading to irrevers-
ible lesions [1, 2]. Clinical data indicate that in 
addition to typical traumatic causes of acute 
spinal cord lesions, such as automobilistic or 
firearm accident, there is a growing etiopathol-
ogy importance of non-traumatic injuries (39%), 
including those caused by spinal ischemia, in 
particular paraplegia which affects up to 22% 
of patients undergoing thoraco-abdominal 
aneurysm surgery [3].

Spinal cord ischemia results in depletion of 
highly energetic compounds by metabolic 
mechanisms dependents on energy in neurons 

and glial cells, since the altered glucose trans-
port turns inadequate the available substract. 
Consequently, ischemic insults interrupt deoxy-
ribonucleic acid (DNA) synthesis, as well as the 
synthesis and transport of lipids and protein, 
neuronal death and damage to synaptogenesis 
and mielinization. Such phenomena are not 
exclusive of the acute phase of hypoxic event, 
but they also encompass the reperfusion pro-
cess [4-7].

Ischemia-reperfusion experimental models 
have been developed in many animal species 
(rats, cats, rabbits) by using some in vivo proce-
dures, such as balloon compression and partial 
or total arteries occlusion [8-10]. Nonetheless, 
the complexities of in vivo system associated 
with the multiplicity of the disease process may 
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impair the isolated interpretation of the patho-
physiological and pharmacological mecha-
nisms. Thus, organotypic slice model can over-
lap the limitations of in vivo models, providing 
more control of experimental situation for the 
assessment of therapeutic approaches [11-
13]. However, what would be the ideal ischemia 
time for a model of in vitro spinal cord isch-
emia? Some studies showed that 10 min of 
ischemia in hippocampus [13, 14] and 45 min 
in retina [15] were sufficient to cause cell death 
and excessive glutamate release, but until this 
moment, there is no information on the litera-
ture regarding ischemia time in spinal cord 
slices.

Organotypic spinal cord slice can be utilized for 
assessing the various cell injury conditions and 
ischemic insults. The majority of investigations 
used organotypical spinal cord cultures pre-
pared from embryonic or newborn rats and 
mice in their studies. Although such model pro-
motes long lasting embryonic and newborn cul-
tures [16-18], it is highly expensive. Besides, 
there is a significant difference in function, cir-
cuitry connections, and regenerative capacity 
in the immature spinal cord compared to 
adults’, which turns out to be a disadvantage.

This work aimed to determine the ideal isch-
emia time that activates primary and second-
ary mechanisms of cell death in an in vitro 
ischemia-reperfusion model of spinal cord inju-
ry. For so, this study compared different isch-
emia times on rat spinal cord slices exposed to 
oxygen deprivation and low glucose (ODLG), fol-
lowed by a reoxygenation period. Insult intensi-
ty was evaluated through cell viability, excito-
toxicity and gene expression of apoptotic 
factors. 

Materials and methods

Spinal cord slices and procedure perfusion 
chamber 

All procedures were approved by the local 
Ethics Committee (CETEA/UFMG no 14/2010) 
and followed the guidelines for the Use and 
Care of Animals for Research. Wistar rats (180-
200 g) were killed by decapitation, their spinal 
cord rapidly (< 1 min) removed by hydraulic 
extrusion and submerged in cold (4°C) artificial 
cerebrospinal fluid (ACSF) containing (in 
mMol/L): 127 NaCl, 2 KCl, 10 glucose, 1.2 
KH2PO4, 26 NaHCO3, 2 MgSO4, 2 CaCl2, 13 

HEPES bubbled with 95% O2/5% CO2 and 7.4 
pH [19, 20]. Lumbossacral regions were dis-
sected and transverse slices (0.4 mm) were 
obtained with a McIlwain Tissue Chopper 
(Brinkman Instruments, UK). The slices were 
placed on nylon mesh platforms of 12 covered 
incubation chambers (3 slices/chamber) of a 
Brandel Suprafusion System SF-12 (Gaithers- 
burg, MD, USA). In every procedure, the rate 
perfusion was 0.5 mL/min. The slices were 
submerged on ACSF, bubbled with 95% O2/5% 
CO2 for 90 min at 37°C to recover from the 
mechanical trauma. After this period, slices 
submitted to the ODLG insult were perfused 
with ACSF with 4 mmol/L glucose for 30, 45, 
60, 75 and 90 minutes bubbled with 95% 
N2/5% CO2, except control conditions. There- 
after, the spinal cord slices were washed with 
ACSF with 10 mM glucose and 95% O2/5% CO2 
during 4 hours (reperfusion period) before 
assessing cell viability.

Assessment of cell death

To analyze cell death, slices were stained with 2 
mmol/L ethidium homodimer-1 (live/dead 
assay, Molecular Probes, Eugene, OR) for 30 
min and then washed for 15 min with 95% 
O2/5% CO2 ACSF with 10 mM glucose at room 
temperature. During the staining procedure, 
slices were protected from light. 

Images were acquired in a Zeiss Axiovert 200 
M Microscope, using the Apotome system in 
order to obtain optical sections from a Z-series 
at 0.02 mm interval. Objectives used were 20x 
dry. Image J software was used to combine con-
secutive optical sections from a Z-series and 
create image constructions. All nuclei in this 
whole field were counted. Quantification of 
dead cells required identification of their nuclei 
fluorescently stained with ethidium homodimer, 
which was related to ischemia-induced neuro-
toxicity. Morphological analysis of dead cells 
was performed in eight fields of the ventral 
horn (two fields/slice) from five different experi-
ments in ischemic and non-ischemic condi- 
tions.

Triphenyltetrazolium (TTC) assay

Cell viability was determined by converting 
2,3,5-TTC to the insoluble formazan. The reduc-
tion of this compound is dependent on mito-
chondrial respiratory activity. Therefore, this 
conversion can be proportional to the number 
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of viable cells. After decapitation of the ani-
mals, the spinal cord section was subjected to 
400 mM with the aid of a tissue cutter and 
after processing in the perfusion chamber, the 
slices were incubated at 37°C in a solution of 
2% TTC for 90 minutes. After this period, the 
TTC was removed and the tissue washed with 
0.9% saline solution and then added 1.5 mL of 
a solution containing dimethylsulfoxide (DMSO) 
and ethanol in a 1:1 ratio and incubated for 24 
hours at room temperature, protected from 
light, to solubilize the formazan. The reading 
was held in a spectrophotometer at 485 nm 
and results normalized by the weight of tissue, 
in torsion balance.

LDH release assay 

After ODLG insult, the incubation medium con-
taining spinal cord slices and the supernatant 
were collected for LDH assay (LDH Liquiform, 

Labtest S.A., MG, Brazil). Protein in the pellet 
was measured as described by Bradford [21]. 
LDH measurement in the supernatant was per-
formed enzymatically catalyzed in the intercon-
version of pyruvate and lactate, in the presence 
of NADH. The reduction of the absorbance at 
340 nm, as consequence of NADH oxidations, 
was proportional to the LDH activity in the sam-
ple. Each experiment consisted of at least two 
replicates per condition. LDH level was calcu-
lated as U/L/mg of protein.

Glutamate release assay

After ODLG insult, the incubation medium con-
taining spinal cord slices and the supernatant 
were collected for glutamate assay. Protein in 
the pellet was measured as described by 
Bradford [21]. Glutamate measurement in the 
supernatant was performed enzymatically after 
the increase in the fluorescence due to the 
NADPH+ production in the presence of gluta-
mate dehydrogenase and NADP+ [22]. To start 
the assay, NADP+ (1.0 mM) and glutamate 
dehydrogenase (50 units) were added to the 
samples and the emitted fluorescence was 
measured [22, 23]. The excitation wavelength 
was set at 360 nm and the emission wave-
length to 450 nm using a Shimadzu RF-5301PC 
spectrofluorimeter (Kyoto, Japan). Glutamate 
level was calculated as pmol of glutamate per 
milligram of protein. Each experiment consist-
ed of at least two replicates per condition.

RNA extraction and real-time PCR

Total RNA was extracted with TRIzol reagent 
(Invitrogen Corporation, Carlsbad, CA, USA), 
chloroform, and isopropanol. The precipitate 

Table 1. Sequences of primers for the real time RT-PCR analysis
Gene Access number Primer sequence (5’-3’) Product size (bp)
Bcl-xl NM_001033670.1 Forward: 5’CCCCAGAAGAAACTGAACCA 3’ 300

Reverse: 5’AGTTTACCCCATCCCGAAAG 3’
Bax NM_017059.1 Forward: 5’CCAAGAAGCTGAGCGAGTGTCTC 3’ 147

Reverse: 5’AGTTGCCATCAGCAAACATGTCA 3’
Caspase-9 NM_031632.1 Forward: 5’TGGAGGAGGCTGACCGGCAA 3’ 77

Reverse: 5’CCACAGCTCCGCGACTTGCA 3’
Caspase-3 NM_012922.2 Forward: 5’TGGAGGAGGCTGACCGGCAA 3’ 70

Reverse: 5’CTCTGTACCTCGGCAGGCCTGAAT 3’
Beta-actin NM_031144.2 Forward: 5’GCGTCCACCCGCGAGTACAA 3’ 118

Reverse: 5’ACATGCCGGAGCCGTTGTCG 3’
nNOS NM_052799 Forward: 5’TCCCTCTAGCCAAAGAATTTCTCG 3’ 120

Reverse: 5’GGTAGGTGCTGGTGCTTTCAA 3’

Figure 1. Cell viability by TTC assay. Mean ± SEM in 
all experimental groups. Means with different letters 
differed significantly (P < 0.05).

http://www.ncbi.nlm.nih.gov/nuccore/NM_001033670.1
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was washed in ethanol, air-dried, and re-diluted 
in diethyplyrocarbonate (DEPC)-treated dis-
tilled water. The amount and purity of extracted 
RNA was quantified by spectrophotometry 
(GeneQuantTM pro RNA/DNA; GE Healthcare, 
Piscataway, NJ, USA). RNA reverse transcription 
and real time-PCR reactions were performed 
with SuperScriptTM III Platinum® Two-Step qRT-
PCR Kit with SYBR Green (Invitrögen, Carlsbad, 
CA, USA). Primers sequences are shown in 
Table 1. For real-time PCR, data were analyzed 
with 7500 software v.2.0.1 Applied Biosystems, 
using the comparative Cycle threshold (Ct) 
method [24]. mRNA level is presented as num-
ber of copies per 103 copies of β-actin mRNA; 
considering n = 3.3 Ct, and 10n = difference in 
the number of mRNA copies.

Statistical analysis 

All values are expressed as means ± SEM. Data 
were analyzed through one-way ANOVA and 
Student-Newman Keuls post hoc test. P < 0.05 
values were considered statistically significant.

Results

Cell viability

For TTC technique, there was no significant 
decrease in cell viability slices of spinal cord 

subjected to 30-minute ischemic insult. For 45 
minutes, there was a decrease in mitochondrial 
activity compared to the control group and 
ODLG 60 there was no further increase in tis-
sue damage. Cell death was 17.43, 58.40, 
80.07, 80.17 and 85.39% in ODLG 30, 45, 60, 
75, and 90 minutes, respectively, compared to 
the control group (Figure 1).

Compared to non-ischemia group, spinal cord 
slices exposed to ODLG exhibited significant 
increase in fluorescence at 30 minutes after 
the insult (P < 0.05), but mild increase in tissue 
injury, whereas 45 minutes exposure caused a 
2-fold increase in fluorescence (P < 0.05). The 
mean number of nuclei/field ± SEM was: 
55.96±3.5; 72.70±2.6; 103±6.1; 124.7±8.1; 
132.2±12.5 e 172.6±18.4 for control, ODLG 
30, ODLG 45, ODLG 60, ODLG 75, and ODLG 
90 min groups, respectively. These results 
showed cell injury of 23.0; 45.7; 40.6; 57.7 and 
67.6%, on ODLG 30, 45, 60, 75 and 90 min, 
respectively, compared to control group. 
Although cell injury was significant for all isch-
emia times, it reached a saturated level in 
response to ODLG for groups 45, 60, 75 and 90 
min (Figure 2). The spinal cord slice on control 
group did not differ from slice analyzed immedi-
ately after chopping the spinal cord (sham 
group). This result suggests that cell death in 

Figure 2. Induction of cell death by different times of 
ischemia-reperfusion. Spinal cord slices were stained 
with ethidium homodimer-1 after been submitted to 
slicing (sham), perfusion without ischemia (control), 
and oxygen deprivation and low glucose (ODLG) of 30, 
45, 60, 75 and 90 minutes. A. Photomicrographs of 
ventral horns of the lumbossacral spinal cord show-
ing fluorescent dead cells in all experimental groups. 
Scale bar, 50 µm. B. Mean ± SEM number of dead 
cells per field in all experimental groups. Means with 
different letters differed significantly (P < 0.05).
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this condition is related to mechanical trauma 
and not to the perfusion in the chamber (P > 
0.05).

Glutamate and LDH release during ischemic 
insult

The mean glutamate concentration ± SEM was: 
23.65±3.6; 34.38±2.8; 45.69±2.6; 48.97±2.1; 
61.83±5.0; 59.10±9.3 for control, ODLG 30, 
ODLG 45, ODLG 60, ODLG 75, and ODLG 90 
min groups, respectively (Figure 3). After isch-
emic insult of 45, 60, 75 or 90 min, glutamate 
concentration was markedly and significantly 

elevated. There was no statistical difference 
between the effect of 45 and 60 min on the 
release of glutamate induced by ischemia 
(Figure 3, P > 0.05). Therefore, LDH release for 
30 minutes of ODLG was similar to that of con-
trol conditions, but it was statistically signifi-
cant for 45, 60, 75 and 90 minutes of ODLG 
(Figure 4, P < 0.05).

Caspase 9, caspase 3, nNOS, Bax and Bcl-xl 
mRNA levels after ischemic reperfusion insult 
in rat spinal cord slices

The nNOS mRNA expression was 0.39±0.13; 
2.73±0.33; 8.17±1.34; 4.85±0.37; 1.41±0.20, 
and 0.99±0.87 in control, 30, 45, 60, 75 and 
90 min ODLG, respectively. nNOS mRNA was 
overexpressed in 45 min and moderately 
increased in ODLG 60 (Figure 5).

The Bax/Bcl-xl ratio mRNA expression was sig-
nificantly increased at 45 and 60 min of ODLG, 
but not at 30, 75 and 90 min (Figure 5, P > 
0.05). The mRNA expression values were: 
4.48±1.46; 51.26 ±17.15; 37.33±5.316; 
14.29±2.77 and 21.78±3.06 for control, 30, 
45, 60, 75 and 90 min of ODLG, respectively 
(Figure 6). Comparable results were obtained 
using different set of rats.

Caspase 9 and caspase 3 mRNA expression 
(Figure 7) increased with 45 min of ODLG and 4 
h of reperfusion (P < 0.05) compared to control 
conditions. For 60 min of ODLG, the expression 

Figure 3. Glutamate release induced by perfusion 
without ischemia (control), and oxygen deprivation 
and low glucose (ODLG) at 30, 45, 60, 75 and 90 
minutes. Data shown are mean ± SEM from five dif-
ferent experiments. Means with different letters dif-
fered significantly (P < 0.05).

Figure 4. LDH release induced by perfusion without 
ischemia (control), and oxygen deprivation and low 
glucose (ODLG) at 30, 45, 60, 75 and 90 minutes. 
Data shown are mean ± SEM from five different ex-
periments. Means with different letters differed sig-
nificantly (P < 0.05).

Figure 5. Quantitative nNOS mRNA expression 
through real time PCR in spinal cord slices submitted 
to perfusion without ischemia (control) and oxygen 
deprivation and low glucose (ODLG) of 30, 45, 60, 
75 and 90 minutes. Data shown are mean mean ± 
SEM from three independent experiments. Means 
with different letters differed significantly (P < 0.05).
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of these proteases was similar to control and 
30 min ODLG. Caspase 9 mRNA expression 
was 2.97±1.3; 7.15±1.6; 17.63±2.7; 4.58±2.0; 
5.42±1.6, and 3.032±0.9 in control, and ODLG 
30, 45, 60, 75, and 90 min, respectively. For 
caspase 3, mRNA expression was: 0.39±0.13; 
2.73±0.33; 8.17±1.34; 4.85±0.37; 1.41±0.20 
and 0.99±0.87 in control and ODLG 30, 45, 60, 
75 and 90 min, respectively.

Discussion

As viability of isolated spinal cord is highly 
dependent on oxygenation, it is imperative to 
avoid or minimize tissue hypoxia during dissec-
tion. In order to achieve this, we used hydraulic 
extrusion technique for spinal cord dissection, 
which is a faster procedure (< 30 seconds), 
compared to conventional laminectomy. This 
procedure was used by other authors [20], and 
preservation of glial cells and neurons in white 
and grey matters were confirmed morphologi-
cally and electrophysiologically [20]. Addi- 
tionally, it was used ACSF bubbled at 95% 
O2/5% CO2 and glucose during procedure, so 
that possible electrolyte imbalances might be 
reduced, avoiding excitotoxicity. The lumbossa-
cral segment and the ventral horn were chosen 
based on recent studies that demonstrate a 
higher vulnerability of these regions towards 
ischemia/reperfusion [25-27, 11].

Citotoxicity and cell death have been investi-
gated through fluorescent markers such as 

ethidium homodimer, propidium iodide, sytox-
green, 3-(4,5-dimethythiazol-2-yl)-2-5-diphenyl-
tetrazolium bromide-MTT [12, 28]. Ethidium 
homodimer has a high affinity for nucleic acids 
and is impermeable to cells with intact mem-
branes. The membranes of dying cells become 
leaky and allow the etidium homodimer entry 
into the nucleus. Upon binding to DNA or RNA, 
the fluorescence intensity increases up to 40 
fold in dying cells. This technique allows assess-
ment of neuron viability in 0.04 mm thick slices 
without requiring fixation or ultrathin slicing 
[13]. 

Thirty minutes of ODLG caused meaning loss of 
cell viability, with no remarkable increase in 
LDH and glutamate release. However, 45, 60, 
75 and 90 minutes caused progressive loss of 
cell viability compared to control and were 
accompanied by glutamate and LDH increase, 
and TTC decrease. Thus, it is possible to sug-
gest that loss of cell viability is dependent on 
ischemic insult time, and is associated with glu-
tamate and LDH release. However, the signifi-
cant increase in LDH release in 60, 75 and 90 
min ODLG group compared to 45 min indicates 
that necrotic death may have prevailed in this 
group. Furthermore, our study suggests that 
after the first four hours of spinal cord isch-
emia, glutamate-mediated excitotoxicity is the 
major contributor to the resulting glial and neu-
ronal damage. Studies report that ischemic 
injuries associated with hypoxia, vascular dis-
ruption, and trauma can alter synaptic function, 
through increased storage of extracellular glu-
tamate and excessive stimulation of glutamate 
receptors. Over stimulation of glutamate recep-
tor/channel complex triggers calcium influx, 
leading to cell injury or death [1, 29, 30]. It 
means that, when intracellular calcium concen-
trations ([Ca2+]i) reach non-physiological levels, 
several mechanisms are activated to remove it. 
However, such systems fail or are insufficient 
during excitotoxicity secondary to ischemia. 
Unchecked influx of Ca2+ can trigger apoptotic 
as well as necrotic death [2, 31, 32].

The relation between excitotoxicity and cell 
death, as observed in the present study, was 
already described by others [1, 29]. These 
authors cited different routes of calcium ion 
entries in the cell, with different responses dur-
ing ischemia and showed that voltage-gated 
Ca2+ channels do not elicit cell death, whereas 

Figure 6. Quantitative Bax/Bcl-xl ratio mRNA expres-
sion through real time PCR in spinal cord slices sub-
mitted to oxygen deprivation and low glucose (ODLG) 
of 30, 45, 60, 75 and 90 minutes. Data shown are 
mean ± SEM from three independent experiments. 
Means with different letters differed significantly (P 
< 0.05).
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N-methyl-D-aspartate receptor (NMDAR), 2- 
amino-3 (3-hydroxy-5-methylisox-azol-4yl) pro-
pionate receptor (AMPAR), and kainate recep-
tors, which are ionotropic, are associated with 
significant Ca2+ dependent toxicity.  

The increase of cytosolic calcium activates cal-
cium-dependent enzymes, including NOS, 
resulting in nitric oxide production. In the pres-
ent study, the overexpression of nNOS in all 
groups submitted to ischemic insult (Figure 4) 
restates nitric oxide participation in the patho-
physiology of ischemia as reported by other 
authors [26, 32, 33], and the significant 
increase in the expression of this gene in 45 
min of ODLG group suggested that this isch-
emia time promotes increase of glutamate acti-
vates NMDA receptors and subsequently influ-
ences the glutamate-induced neuronal death. 
It is worth noting that one of nNOS regulators is 
the NMDA receptor, NR1 and NR2 subtypes 
[31]. When these receptors are stimulated, 
they activate nNOS, which may contribute to 
secondary damage after ischemic insults [34, 
35].

The evaluation of Bax/Bcl-xl ratio mRNA expres-
sion revealed activation of the intrinsic apopto-
sis pathway for the 45 min ODLG group, which 
was not observed in 30, 60, 75, and 90 min 
ODLG groups. The under expression of Bax/
Bcl-xl indicates that 30 minutes ischemia was 
not sufficient to cause acute activation of the 
apoptosis pathway, and it is in accordance with 
the results of cell viability, glutamate, LDH, cas-

pase 9, and caspase 3 for this group. For the 
60, 75 and 90 min ODLG groups, the results of 
Bax/Bcl-xl ratio, caspase 9, and caspase 3 
expressions suggest that apoptosis pathway 
was not activated in this ischemia time, and 
that cell death, as observed by ethidium 
homodimer stain, occurred through a necrosis 
process. The increase of Bax/Bcl-xl ratio after 
45 min of ischemia promoted the release of 
cytocrome C and apoptosis-inducing factor 
(AIF) [36], which activated caspase 9 and sub-
sequently, caspase 3, confirming that apopto-
sis was the main responsible by cell death in 
this group. 

It is known that intensity and time of insult, and 
excitotoxicity, caused by glutamate release, 
may induce cell death by necrosis and/or apop-
tosis [1, 13]. Studies report that in mild to mod-
erate insult, cell death in rats’ cortical cell cul-
tures took place by apoptosis, while in 
prolonged periods of insults, secondary necro-
sis prevailed-the true lesion nature. Such event 
can be related to loss of cell homeostasis by 
ionic imbalance with overload of intracellular 
calcium and energy loss, resulting in mem-
brane lysis and neuronal DNA damage [37]. The 
observed results seems to reinforce that 60 
min ischemia have compromised metabolic 
activity in spinal cord slices, probably through 
decreased ATP values and elevated aerobic gly-
cosis [37].

In this proposed ischemic/reperfusion model, 
significant excitotoxicity was obtained after 45, 

Figure 7. Quantitative caspase-9 (A) and caspase-3 (B) mRNA expression through real time PCR in spinal cord slices 
submitted to perfusion without ischemia (control) and oxygen deprivation and low glucose (ODLG) of 30, 45, 60, 75 
and 90 minutes. Data shown are mean ± SEM. Means with different letters differed significantly (P < 0.05).
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60, 75 and 90 minutes of ischemia, but early 
activation of the apoptotic pathway was only 
confirmed after 45 minutes of ODLG. Thus, this 
model can be a valuable tool to evaluate the 
neuroprotective effects of pharmacological 
compounds in a quick accurate and consistent 
manner.

Conclusion

Based on the evidences shown, it is possible to 
conclude that Cell viability reduction in the spi-
nal cord was dependent on ischemia time, 
resulting in glutamate and LDH release. 45 
minutes of ischemia and four hours of reperfu-
sion were adequate for gene expression evalu-
ation of proteins and proteases involved in 
apoptosis pathway. The proposed in vitro 
experimental model is viable and reproducible 
for studies of pathophysiologic mechanisms of 
ischemia/reperfusion.
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