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A B S T R A C T

Nowadays there are various models of spinal cord injury (SCI) that recreate mechanisms of human SCI. The ex
vivo modeling of injury is a robust approach, confronts with less experimental and ethical challenges. Currently
almost all ex vivo models are obtained either from embryonic or postnatal animals, which can hardly mimic
features of human SCI. This study was designed to develop SCI in slice culture of adult rats. Here, the lumbar
enlargement of an adult rat was sliced and cultured. After seven days in vitro, a weight was dropped to simulate
the injury. The result showed that although the rate of cell death in first days of in vitro was high, it reduced after
7 days and dropping a weight at the time caused significant rate of cell death in slices. It was shown that injury
can disturb histological features and neuronal integrity in the slices. Treating the injured slices with valproic acid
resulted in a significant decrease of TNF-α and increase of BDNF expression. Collected data revealed obtained
slices from adult rat were able to adjust to the culture environment after 7 days and dropping a weight at the
time point could simulate the injury. Besides mimicking the disturbing features of human SCI, this model can
response to VPA pharmacological treatment.

1. Introduction

Spinal cord injury (SCI) is a devastating condition that causes long-
life severe disability with high medical and social costs. Given its dire
and complex mechanisms, the use of clinically relevant models is
overwhelmingly effective in studying the underlying biology and
testing the therapeutic strategies.

The in vitro model of injury in spinal cord organotypic slice culture
is a model that has been identified as a comprehensive approach to
investigate SCI-related experiments (Boomkamp et al., 2012; Mladinic
and Nistri, 2013; Abu-Rub et al., 2010; Mazzone and Nistri, 2011;
Mazzone et al., 2013; Mazzone and Nistri, 2014; Sypecka et al., 2015;
Fernandez-Zafra et al., 2017). The development of long-term slice cul-
tures has revolutionized many experimental studies by providing an
ideal platform between dissociated cell cultures and animal models. In
these ex vivo cultures the main cytoarchitectural features and neural
connectivity are preserved, enabling them to mimic different aspects of

animal models. Although the organotypic slice culture was initially
introduced in 1981 (Gähwiler, 1981), its application for traumatic in-
jury goes back to 2002 (Krassioukov et al., 2002). Since then these
models have been employed as a validated platforms to investigate the
involved molecular pathways of injury and screening the therapeutic
interventions (Pandamooz et al., 2016). As organotypic slice culture
presents multi-cellular in vitro environment, it is an useful platform to
screen drugs and explore the impact of neuroprotective substances and
neuroregenerative materials (Talac et al., 2004; Weightman et al.,
2014). Also, due to proper control of extracellular environment in or-
ganotypic cultures, they can extensively be employed to address the
effects of cell/stem cell grafts alone or in combination with therapeutic
enhancers (Kamei et al., 2007; Hamasaki et al., 2007; Park et al., 2010;
Kim et al., 2010). With respect to the number of slices that can be
obtained from an animal, each slice can be considered individually for
following evaluation. Owing to several practical drawbacks related to
experimentation in animal models of SCI, modeling injury in slice
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culture can be employed as a relevant platform to assess various ther-
apeutic approaches before applying it in animal models. Amongst var-
ious strategies that currently exist to simulate traumatic injury in ani-
mals mechanically, weight-dropping and transection-type injuries are
the most common in spinal cord slice culture (Balentine et al., 1988;
Esposito et al., 2012). Since mechanical disruption via weight-dropping
method can simulate human contusion, this model is considered more
valid in spinal cord slice culture. Due to their ability to mimic both
primary mechanical damage and secondary reactive phase of injury,
they are useful platform to study the pathophysiological mechanisms
associated with this condition (Krassioukov et al., 2002).

Although contusive model of injury is the most clinically relevant
type, there are limited number of studies that have investigated this ex
vivo model thoroughly (Krassioukov et al., 2002; Labombarda et al.,
2013). Hence, with the aim to setting up an in vitro model of SCI, we
developed a contusive model of injury in organotypic slice culture,
obtained from an adult rat. In parallel, the rate of cell death, general
histological features, neural integrity and astrogliosis were assessed to
evaluate the spinal cord slice architecture at different time points, pre-
post injury.

In addition to confirm the histopathological features of SCI in an ex
vivo model of injury, this platform like other animal models of SCI
should have the capacity to responsd to the possible pharmacological
treatments. Valproic acid (VPA; 2-propylpentanoic acid)- used clinically

as a treatment drug for epilepsy and bipolar mood disorders- has been
recently introduced as a potential pharmacological approach to pro-
mote SCI recovery (Leng et al., 2008; Chen et al., 2014). It has been
widely reported that VPA imposes positive impacts via inhibiting his-
tone deacetylase (HDAC) and also by activating ERK pathway that
produces similar effects to neurotrophic factors in the central nervous
system (CNS) (Chu et al., 2015; Chuang et al., 2009). In line with in-
vestigations that evaluated the expression of inflammatory and neuro-
protective markers in injury models following VPA treatment (Ichiyama
et al., 2000; Lv et al., 2012), here the expression of tumor necrosis
factor (TNF)-α as an inflammatory cytokine and BDNF as a neuro-
trophic factor were assessed.

2. Materials and methods

The adult Wistar albino rats weighing 200–230 g (3 to 4 months old)
were selected and all animal experiments were undertaken in ac-
cordance with the guidelines of Ethical Committee for the use and care
of laboratory animals of Neuroscience Research Center, Shahid
Beheshti University of Medical Sciences in compliance with the stan-
dards of the European Communities Council directive (86/609/EEC).
All efforts were made to minimize animal suffering and reduce the
number of animals used. In this study, 9 slices (where applicable) from
3 different rats for each experiment were used.

Fig. 1. Modeling contusion in organotypic spinal cord slice culture and its evaluation following injury. The injury was induced at day 7 in vitro (DIV: 7) using weight
drop device with a 3mm diameter head and 0.5 g total weight that was dropped from 3 cm height on the slice surface (A). The entire protocol of experiment was
illustrated in schematic sketch (B). It should be noted that PI and H&E staining were performed in all mentioned time points.

Fig. 2. Assessment of slices by SEM. The top surface of spinal cord slices of CTRL, DIV: 1 and DIV: 7 groups were evaluated with SEM to compare the morphology of
surface following in vitro culture. CTRL: control (fixed before slice culture), DIV: day in vitro.

S. Pandamooz et al. Tissue and Cell 56 (2019) 90–97

91



2.1. Spinal cord organotypic slice culture

The organotypic spinal cord slice cultures were prepared according
to the standard interface method (Fernandez-Zafra et al., 2017; Stoppini
et al., 1991). The rats were deeply anesthetized with CO2, back skin was
removed and vertebral column dissected. Once exposed, the spinal cord
was flushed out with ice-cold PBS using a 60-ml syringe and placed into
a petri dish containing sterile, ice-cold HBSS (Hank’s Balanced Salt
Solution, Sigma, USA). Next, the lumbar enlargement region was ex-
cised and transferred to another petri dish containing 40 °C low melting
point agarose (4% V/W in HBSS, Promega, USA) and placed on ice to
induce gelation. The embedded spinal cord was glued onto the vi-
bratome platform and the blade was then properly aligned. Ice cold
MEM (minimum essential medium, Sigma, USA) was added to the re-
cipient, covering both the blade and embedded spinal cord. Once ac-
tivated, the vibratome (Campden Instruments, UK) at predetermined
amplitude and frequency, cut transversely at 400 μm thickness. The
sections were placed in ice-cold HBSS with 25mM HEPES (Sigma, USA)
and their structural quality was checked under the stereomicroscope
(Zeiss, Germany). Finally, the undamaged slices were transferred on the
Millicell culture plate inserts (PTFE membrane, 0.4 μm pore size; Mil-
lipore, USA) using a sterile wide-end plastic pipette. The culture inserts
were placed into a six-well plate (PTT, switzerland) with 1ml of culture
medium consisting of 50% MEM with L-glutamine (Sigma, USA), 25%
heat-inactivated horse serum (Gibco, USA), 25% HBSS (Sigma, USA),
6.4 mg/ml D-glucose (Sigma, USA) and 1% penicillin/streptomycin
(Invitrogen, USA), which had been incubated in a 5% CO2 humidified
incubator at 37 °C one hour prior to slice transfer. The medium of
cultured slices was changed thrice a week.

2.2. Electron microscopy

For scanning electron microscopy (SEM), the prepared spinal cord
slices of CTRL, DIV:1 and DIV:7 were fixed in 2.5% glutaraldehyde
(Merck, USA) for 24 h followed by two washes in PBS and 2 h post
fixation in 1% tetroxidosmium (Sigma, USA). Afterward, slices were
dehydrated in ascending concentrations of ethanol, and finally air-dried
for 24 h. The samples were mounted on stubs, coated with gold-palla-
dium and examined by Hitachi SU3500 SEM (Hitachi High-Tech,
Tokyo, Japan) at 15 kV.

2.3. SCI model and treatment

Spinal cord injury was induced at day 7 in vitro (DIV: 7) using
weight drop device adapted from Krassioukov et al (Krassioukov et al.,
2002). Here, an impactor with a 3mm diameter head (to cover the
surface of slices obtained from lumbar enlargement of adult rat) and
0.5-gram total weight was dropped from a height of 3 cm on the entire
slice surface and subsequently slices were returned to the incubator
(Fig. 1A). It is worth noting that the above mentioned weight was
dropped from various heights, but based on our preliminary in-
vestigation, 3 cm height was selected as a proper height. Injured slices
were analyzed at 1st, 3rd, 5th, 7th day post injury (DPI) and compared
with their corresponding uninjured control group. Valproic acid was
purchased from the Darou Pakhsh Pharma. Chem. Co. and 5 μM con-
centration was prepared in the complete medium and applied one hour
following injury as its effectiveness in the aforementioned injury con-
text was established formerly (Pandamooz et al., 2017). Experimental
groups were assigned as (i) Non-injured, (ii) injured slices (SCI) and (iii)

Fig. 3. Evaluation of cell death in cultured slices of spinal cord by PI staining. The average number of PI+ cells was determined in four regions of both gray and white
matter (A). The rate of cell death was evaluated after 12 days culturing in gray and white matter which revealed decreased rate of cell death in both regions by day
seven in vitro (B). Also statistical analysis was performed on the average number of PI+ cells in four mentioned regions of gray matter of slices on various time points
after injury (DPI) and their undamaged counterparts that defined a significant difference in the rate of cell death at DPI:1 and 3 in comparison with their corre-
sponding undamaged groups (C). The representative micrograph of PI staining of one square in gray matter of DPI: 1 was compared with undamaged counterpart in
DIV: 8 (D). DIV: day in vitro, DPI: day post injury. The data are expressed as mean ± SEM and their analysis was performed using one-way ANOVA, two-way ANOVA
and Bonferroni posttest (n= 9). *P < 0.05; **P < 0.01; ***P < 0.001.
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injured slices treated with VPA (SCI+VPA) (Fig. 1B).

2.4. PI staining

The identification and quantification of dead cells in the cultured
slices were performed using Propidium Iodide (PI, Invitrogen, USA),
which is a fluorescent indicator for the loss of plasma membrane in-
tegrity (Noraberg et al., 1999). Slices at different time points before and
after injury were both introduced to 1ml PI solution at 5 μg/ml con-
centration, prepared in the serum free medium. Then the slices were
placed back into the incubator for 30min to allow permeation of PI. In
each experimental group, four different regions of both gray and white
matters of nine slices obtained from three animals were analyzed.

2.5. Histology and immunohistochemistry

Spinal cord slices maintained in vitro were fixed for 2 h in 4% PFA
(Merck, Germany), followed by overnight cryoprotection in 30% su-
crose (Merck, Germany). Then slices were embedded in OCT (optimum

cutting temperature, Sakura, Japan) and sectioned at 6 μm with cryo-
stat (Thermo Fisher scientific, USA) and stored at −80 °C until further
analysis. In order to differentiate nuclei from cytoplasm, sections were
rehydrated and subjected to hematoxylin and eosin stains that were
finally dehydrated and mounted with coverslips.

Immunostaining was carried out on 6 μm tick cryosections. Here,
sections were fixed with cold aceton (Merck, Germany) at −20 °C and
subsequent to quenching in hydrogen peroxide (Merck, Germany) and
permeabilization in Triton X-100 (Merck, Germany), were blocked with
10% goat serum (Sigma, USA). Primary antibody was employed after
being diluted in blocking buffer and incubated overnight at 4 °C.
Samples were then rinsed thrice with PBS for 5min each, followed by
HRP- conjugated secondary antibody addition (EnVision™+ Dual Link
System-HRP, Dako, Denmark) and incubated for 30min at RT.
Subsequently sections were washed twice with PBS and diamino-
benzidine chromogen solution (DAB, Dako, Denmark) was applied
sufficiently to cover the specimen to detect bounded antibody and fi-
nally they were immersed in aqueous hematoxillin bath for counter-
staining. Primary antibodies were as follow: rabbit anti-GFAP (1:4000,

Fig. 4. Evaluation of motor neuron survival by H&E staining. The representative micrographs stained by H&E revealed the impact of slicing procedure and injury on
the number of spinal cord ventral horn MNs at two magnifications. The staining was conducted on frozen sections of spinal cord, fixed before slice culture (CTRL, A,
a) and first (DIV: 1, B, b) and eighth day (DIV: 8, C, c) after slicing and one day after injury (DPI: 1, D, d). The quantitative analysis of MNs survival at four different
time points following slice preparation was performed to compare survival rate in these groups with control group. Here, although a significant difference was
detected between the number of MNs at first day of culture in comparison with CTRL, there is no significant difference in rate of MNs survival among various time
points of cultured slices (E). The statistical analysis of MNs survival in slices after injury showed significant rate of MNs death at all three examined time points
comparing to their uninjured counterparts (F). H&E: hematoxylin and eosin, MN: motor neuron, CTRL: control, DIV: day in vitro, DPI: day post injury. The data are
expressed as mean ± SEM and were analyzed using one-way ANOVA, two-way ANOVA and Bonferroni posttest, *P < 0.05; **P < 0.01; ***P < 0.001 (n=9).

S. Pandamooz et al. Tissue and Cell 56 (2019) 90–97

93



Abcam, USA) and rabbit anti- βІІІ Tubulin (1:2000, Abcam, USA).

2.6. Western blotting

For Western blot analysis, in each experimental group, almost seven
spinal cord slices from at least 3 different rats were collected and
snapped frozen in liquid nitrogen. Samples were homogenized in ice-
cold modified RIPA lysis buffer (50mM Tris–HCl pH 7.5, 1% Triton X-
100, 0.5% sodium deoxycholate (Sigma), 0.2% SDS, 100mM NaCl and
1mM EDTA). Protein concentration was determined using bicincho-
ninic acid kit (BCA Protein Assay Reagent, Thermo Fisher Scientific,
USA). Protein extract (20 μg/lane) were separated on a 12% sodium
dodecylsulfate–polyacrylamide mini-gel and transferred to a poly-
vinylidene difluoride (PVDF) membrane. The membranes were in-
cubated with 2% skimmed milk blocking buffer for one hour.
Subsequently, the membrane was incubated in primary antibodies
overnight at 4 °C as follow: rabbit anti-BDNF (Thermo Fisher Scientific,
USA), rabbit anti-TNFα (Abcam, USA). After incubation with secondary
antibody conjugated with horseradish peroxidase, protein bands were
detected by an enhanced chemo-luminescence kit (ECL kit, GE
Healthcare, USA) in accordance with the manufacturer’s instructions
and blots were exposed to X-ray film (Kodak, USA) and intensities
quantified with ImageJ software.

2.7. Imaging and statistical analysis

Images were obtained by the Olympus invert florescence micro-
scope (IX71) and Nikon light microscope (E600, Japan). Statistical
analyses were performed on GraphPad Prism (Version 5, 1992–2013
GraphPad Software, Inc.) using one-way and two-way ANOVA.
P < 0.05 was considered to be statistically significant.

3. Results

3.1. Slice surface assessment and dead cells evaluation in cultured slices

Assessment of slices of CTRL, DIV: 1 and DIV: 7 groups by SEM
following 7 days culture shows the surface of slices were able to recover
from the harsh condition of in vitro (Fig. 2). To determine the number of
dead cells in spinal cord slices over the culture period and after injury,
slices were incubated in PI containing solution. Here, slices were ex-
amined at DIV: 1, 3, 5, 7, 10 and 12. PI staining of sections before injury
revealed the number of dead cells during the first days of culture to be
high (in both gray and white matters, square and circle zones of sketch,
Fig. 3A), which was due to slice preparation. This rate of cell death
significantly decreased on the seventh day in vitro in both gray and
white matter as the slices recovered and adjusted to culture environ-
ment (Fig. 3B). Also this staining, following dropping 0.5 g weight from
3 cm height elucidated a significant increase in the number of dead cells
in the gray matter (defined square zones of sketch, Fig. 3A) on DPI: 1
and 3 in comparison with the undamaged counterparts (DIV: 8 and 10)
(Fig. 3C and D).

3.2. Histological evaluation

To clarify the general morphological features of slices, H&E staining
was carried out on slices both before and after injury (Fig. 4A–D). In
this experiment the number of motor neurons (MN) in the ventral horn
was evaluated in slices at various time points. The data before injury
showed that despite the significant decrease in the number of MNs on
the first day of culture (DIV:1) in comparison with the control group
(CTRL, fixed before slice culture), there was no significant difference
between groups in the first seven days of culture based on putative
parameter (Fig. 4E). Moreover, statistically significant evidence of
cellular damage was observed in injured slices by reduced number of
ventral MNs compared to their uninjured controls (Fig. 4F).

In addition, immunostaining against βІІІ Tubulin was performed on
6 μm frozen sections prepared from slices of the first day in vitro

Fig. 5. Expression of βІІІ Tubulin in spinal cord slices. The representative images of immunostaining against βІІІ Tubulin performed on frozen sections prepared from
spinal cord slices at DIV: 1 (A), DIV: 14 (B) and DPI: 1(C). The DAB optical density of βІІІ Tubulin staining in one half of spinal cord grey matter was defined using
color deconvolution plugin in ImageJ to compare the expression of βІІІ Tubulin between three experimental groups. The one-way ANOVA was employed to perform
statistical analysis. The data was expressed as mean ± SEM and *P < 0.05 (n= 3).
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(DIV:1), seven days after injury (DPI:7) and its uninjured counterpart
(DIV:14) (Fig. 5). The findings showed that expression level of this
neuron specific protein decreased following the injury. This result was
apart from the impact of long term culture; since the level of βІІІ Tu-
bulin expression in corresponding uninjured slices that spent the same
time in vitro, was quite similar to slices of the first day in vitro (Fig. 5).

GFAP staining was conducted to evaluate inflammation (Fig. 6).
Here staining the control group sections showed GFAP expression in the
tissue (Fig. 6A, a). On the first day in vitro, a proliferative response was
observed in the gray matter, which was in line with the GFAP expres-
sion onset in ventral horn motor neurons (Fig. 6B, b). However the
proliferation zone vanished on the seventh day in vitro, but the ex-
pression of GFAP in MNs proceeded till this point (Fig. 6C, c). The

protein expression became less noticeable in MNs after injury which
might be due to destructive neural damage. (Fig. 6D, d). In order to
verify the GFAP expression by MNs, the preparing method of tissue
sectioning was changed from paraffin to cryosectioning and another
GFAP antibody was employed, which both strategies leading to the
same result.

3.3. TNF-α and BDNF expression following VPA treatment

Next, the expression level of TNF-α as an inflammation hallmark
and BDNF as a neurotrophic factor were determined. Immunoblotting
of VPA treated slices (SCI+VPA) at DPI: 7 revealed a significant re-
duction of TNF-α expression compared to corresponding non-treated

Fig. 6. Expression of GFAP in spinal cord slices. The representative micrographs of spinal cord slices immunolabeled with GFAP. The expression of this protein was
detected in control group (CTRL, A, a). In the first day of culture (DIV:1) a proliferative response of glial cells was observed in the gray matter and also from this day
ventral horn MNs started to express GFAP (DIV:1, B, b) that continued till seventh day in vitro (DIV: 7, C, c).The expression of this protein became less noticeable in
MNs after injury (DPI: 1, D, d).
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injured slices (Fig. 7A). Also BDNF immunoblotting demonstrated that
injured slices treated with VPA expressed significantly higher level of
BDNF (Fig. 7B).

4. Discussion

Given the complex mechanisms of SCI, numerous efforts were made
to introduce models that characterize pathophysiological mechanisms
associated with this condition, and also to evaluate the required ther-
apeutic interventions (Lukovic et al., 2015; Su et al., 2015; Cheriyan
et al., 2014). In this investigation the coronal slices of spinal cord were
obtained from male adult rat to simulate the injury. Here, based on the
employed type of slice culture, the survived cells in the gray matter can
be defined, which subsequently reveal their white matter support
through axon regeneration and remyelination in SCI condition and
following treatments (Shoichet et al., 2008; Freund et al., 2013).

In this study contusive model of SCI was set up in cultured slices of
adult rat. Following the detrimental process of slicing and in vitro cul-
turing, slices underwent substantial degenerative changes such as hy-
poxia, excitotoxicity and inflammation. Then, they were cultured for 6
days to adapt to culture condition. The result showed slices could adjust
to culture environment after 7 days, confirmed by PI staining and SEM.
Also dropping 0.5 g weight from 3 cm height at this time mimics fea-
tures of mechanical damage. The high rate of MNs loss on the first day
of culture was revealed in data, obtained from H&E staining. This result
can not only be due to harsh slicing process but also other detrimental
factors such as embedding in agarose and lack of sufficient oxygenation
and nutrition during slicing. Here no significant difference was detected
between the number of MNs at various time points after injury that, can
be partially due to damaged MNs within the first day, following the
injury (DPI:1). Additionally, the finding showed that the expression of
βІІІ Tubulin as an indicator of integrity can noticeably decrease after
injury. Since βІІІ Tubulin is a prominent protein mainly expressed by
neural cells, this decline can be due to significant neural cells lost. Here,
treating injured slices with VPA showed that the introduced ex vivo
model of injury like other previously presented animal models, is cap-
able of responding to pharmacological treatments. The assessment of
treated slices revealed significant decrease in TNF-α expression, which
mediates the recruitment of inflammatory cells to the injured area.
Targeting this specific cytokine represent a potential strategy to reduce
the secondary damage in SCI (Esposito and Cuzzocrea, 2011; York
et al., 2013). Additionally, the BDNF increase in VPA treated group
might be due to HDAC inhibitory function of VPA that can stimulate the
upregulation of various neurotrophins like BDNF in resident spinal cord
neurons and glia (Chen et al., 2014, 2006).

This ex vivo model of spinal cord injury in addition to reducing
considerable amount of time and cost required for in vivo models, it
allows simultaneous evaluation of different independent factors in the
same animal. Regarding the ability of these models in simulating

hallmark features of in vivo neuropathology, they have been considered
as a valuable context to explore the underlying mechanisms of injury
and to evaluate numerous treatments (Gähwiler et al., 1997; Sundstrom
et al., 2005; Lossi et al., 2009; Daviaud et al., 2013).

Currently inducing injury in slice cultures by chemical reagents is
more common. Considering that chemical reagents predominantly in-
duce excitotoxicity, these models can only mimic the secondary phase
of injury. Since almost all slices induced by chemical reagents so far,
were prepared from prenatal and postnatal animals with genuine high
level of plasticity, chemically induced models are not able to fully
mimic the clinical condition (Mazzone et al., 2013; Mazzone and Nistri,
2014; Taccola et al., 2008; Mazzone et al., 2010).

Beside frequent chemically induced models of injury, several studies
have stablished mechanical damage to simulate injury in slices, mainly
excised from postnatal animals (Weightman et al., 2014) or rarely from
adult mice (Krassioukov et al., 2002), which can mimic both phases of
injury. Although adult mice are widely used to model SCI, their neu-
ropathological changes after injury differ from human SCI (Byrnes
et al., 2010). Following mouse spinal cord injury, cells proliferate in the
injured area, keeping the opposing ends of the transected spinal cord in
contact (Göritz et al., 2011; Ma et al., 2001). There are even reports
suggesting that a modest degree of regeneration occurs following a
complete transection of mouse spinal cord (Inman and Steward, 2003).
In contrast, in rats and humans, when spinal cord injury completely
severs all axonal connections across the site of injury, motor and sen-
sory functions never fully recover (Kjell and Olson, 2016). Therefore, in
this study we focused on developing an in vitro model of injury in slices
derived from adult rats, representing great majority of pathologies seen
in human SCI. To the best of our knowledge, this is the first in-
vestigation that has evaluated spinal cord slice culture obtained from
adult rats at different time point before and after injury by assessing
various injury relevant parameters.

Here, the increased rate of cell death after injury and loosing ventral
MNs and neuronal integrity confirm the model of injury. Furthermore,
GFAP expression in slices showed special pattern which have not been
reported elsewhere, and it is not entirely clear what stimulates MNs to
change their phenotype after slice preparation and in vitro culture. This
observation needs to be further investigated in future studies to define
its cause. Also based on PI staining result, higher rate of cell death in
slices occur within the first 24 h after injury which can be due to de-
leterious effects of whole process of slice preparation, consistent with
previous reports (Mazzone et al., 2013). Therefore this period is critical
for employing any strategy like pharmacological treatment to prevent
loosing huge number of cells.

Although the result of PI staining revealed various number of dead
cells between DIVs after slice preparation, based on the obtained data
from H&E staining, there was no significant change in the number of
MNs at the same period. This result showed the significant loss of MNs
right after preparation, but this rate of cell death within seven days of

Fig. 7. Expression of TNF-α and BDNF in slices following
treatment with VPA. The expression level of TNF-α (A),
BDNF (B) was evaluated by immunoblotting in slices
treated with VPA seven days post treatment. Here almost
seven spinal cord slices (obtained from three different rats)
was employed for each experimental group. The band in-
tensity was normalized to β- actin. The data are expressed
as mean ± SEM and statistically analyzed using one-way
ANOVA and Tukey post hoc test and *P < 0.05;
**P < 0.01; ***P < 0.001 (n= 3).
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culturing can be due to loos of other cell types following slicing pro-
cedure.

Although the introduced ex vivomodel cannot simulate all aspects of
spinal cord injury, can be useful for primary screenings.

5. Conclusions

Taken together, this model’s remarkable features not only can de-
fine the underlying pathophysiology of SCI, but it can also be serve as a
screening platform like other organotypic slice cultures (De Simoni and
Lily, 2006; Davids et al., 2002; Cavaliere et al., 2010; Daviaud et al.,
2014) to study the effects of drugs, cell grafts and neuroregenerative
materials alone or in combination.
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