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ABSTRACT
AIM: To investigate the neuroprotective effect of a N-methyl-D-aspartate (NMDA) receptor antagonist (amantadine) in an experimental
spinal cord injury (SCI) model.
MATERIAL and METHODS: Thirty male Sprague–Dawley rats were divided into three groups: control (I), SCI (II), and SCI +
amantadine (III). SCI was created using clip compression technique. At the end of day 7, blood samples were obtained from the rats
and analyzed using various biochemical markers. Histological examination was also performed. MDA, GSH, and MPO assays were
done. VEGF, TNF-α, and Baxexpressions were also analyzed.
RESULTS: The group III had several inflammatory cells in the gray and white matter, with mildly degenerated multipolar and bipolar
cells. Some bipolar and multipolar neurons showed TNF-α expression; however, TNF-α was found to be weak in small groups
of inflammatory cells around the blood vessels in the substantia grisea and alba. Positive Bax expression was observed in the
substantia grisea layer, particularly in the membrane of some bipolar neurons and glial cells; however, negative Bax expression was
observed in neuron and glial cells and showed positive VEGF expression in the vascular endothelium in the group III.
CONCLUSION: NMDA receptor antagonists, especially amantadine, may ameliorate SCI by inducing angiogenesis, affecting
inflammation and apoptosis. It inhibits oxidative stress and the signaling pathways following SCI in rats.
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█

INTRODUCTION

S

pinal cord injury (SCI) can have a traumatic and nontraumatic origin and often results in catastrophic dysfunction and disability. The pathophysiological mechanisms underlying hypoxic/ischemic SCI remain unclear. The
neurological damage during insult is termed “primary injury”
Progressive tissue loss continues because of pathophysiological, hemodynamic, and biochemical mechanisms that
occur within hours, days, or even weeks after the trauma and
is termed secondary injury (22). Prior studies have demonstrated the detrimental nature of secondary tissue injury compared with the primary injury. Activated endogenic substrates,
inﬂammation, and free radicals play a critical role in secondary
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damage (4,9). Ischemic injury in neural tissue is aggravated by
reperfusion resulting in lipid peroxidation, fiber degeneration,
and progressive loss of motor neurons with a steady decline
in motor function (6). Glutamate-mediated excitotoxicity, reactive oxygen species (ROS) formation, and lipid peroxidation
contribute to neuronal dysfunction and cell loss after traumatic and ischemic injuries of the central nervous system (CNS).
Both types of injuries have been shown to result in increased
release of glutamate, sustained activation of glutamate receptors, and increased accumulation of calcium (Ca2+). Direct
evidence indicates that activation of glutamate receptors and
the Ca2+ influx induces ROS, superoxide anion, and hydrogen
peroxide formation (2).
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N-methyl-D-aspartate (NMDA) receptor antagonists increase
dopamine release, block dopamine reuptake, and inhibit
microglial activation and neuroinflammation (17). Amantadine
is a NMDA receptor antagonist and used in the treatment
of L-DOPA-induced dyskinesia and psychiatric symptoms
of Parkinson’s disease (30). However, it has been proven to
be beneficial in multiple sclerosis fatigue, major depressive
disorder, traumatic brain injury, and refractory electrical status
epilepticus (32).
No study has been performed regarding the effectiveness of
amantadine in SCI. Hence, this study aimed to investigate the
protective effect of NMDA receptor antagonist in SCI.
█

MATERIAL and METHODS

The investigation was conducted according to the Guide for
the Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication no. 85-23, revised
1996). All techniques performed in this study were approved by
the Ethics Committee for Animal Experimentation of University
of Health Sciences, Ankara Education and Research Hospital,
Turkey. Thirty male Sprague–Dawley rats (250–280 g) were
placed under alternating light/dark cycles at 22 ± 1°C for 12
hours with ad libitum access to standard pelleted nourishment
and water. All 30 rats were divided into three groups: control
group (group I), SCI group (group II), and SCI + amantadine
group (group III). The rats of the control (n=10) and SCI groups
(n=10) were subcutaneously administered 1.5-ml physiologic
saline solution for 7 days.
Spinal Cord Injury Model
The experimental rats were anesthetized intraperitoneally with
50 mg/kg and 1 mg/kg of ketamine and chlorpromazine. Each
rat was positioned on a heating pad in the prone position, and
a rectal test was conducted. Under aseptic conditions, the
spinous processes and laminar arcs of T5–12 were removed
following a T5–12 midline skin incision and paravertebral
muscle dissection. The relative angulation of the spinous processes of the T9, T10, and T11 vertebrae was considered to
be the critical intraoperative landmark: T9 points caudally, T10
points dorsally, and T11 points rostrally. This angulation forms
a ‘’triangle’’ that helps to check whether the animal is positioned flat on the operating table. After the T11 and T12 vertebrae had been identified, a laminectomy was performed at
T11 and T12 using Friedman–Pearson rongeurs. The clip was
then held open with a clip utensil with the lower cutting edge
of the clip passing extradurally around the spinal cord and
nerve roots at the intersection of the T11 and T12 vertebrae
compared with the L1-2 spinal cord segmental level. The clip
was then quickly discharged from the tool to deliver a bilateral
impact force and sustained dorsoventral compression. SCI
with a moderate-to-severe was produced by clip compression
method of Rivlin and Tator (27). The compression of the spinal
cord was maintained for 60 sec before removal of the clip. The
muscles were then sutured using 3-0 polyglactin sutures, and
the skin was closed with Michel clips (23). Following the surgical procedure, the rats were placed in a warming chamber,
and their body temperatures were maintained at approximate-

ly 37°C until they regained complete consciousness. The rats
in the SCI group received only intraperitoneal saline injection
an hour after SCI.
Amantadine Administration
Amantadinehydrochloride (Sigma A1260) was purchased
from Sigma-Aldrich (Ankara, Turkey) and dissolved in sterile
saline. After SCI, the rats of the group III received 45 mg/kg
of intraperitoneal amantadine for 7 days. At the end of the
seventh day, blood samples were obtained from the rats and
analyzed using various biochemical markers. After 7 days,
all animals were euthanized using an intraperitoneal injection
of 5 mg/kg xylazine HCl (Rompun, Bayer HealthCare AG,
Germany) and 50 mg/kg ketamine HCl (Ketalar, Pfizer Inc,
USA). The medulla spinalis tissues were promptly removed.
For the histological examination, the spinal cord was fixed in
10% formaldehyde solution, post-fixed in 70% alcohol, and
embedded in paraffin wax. The sections were stained with
hematoxylin–eosin.
Malondialdehyde and Glutathione Assays
Spinal cord tissue samples were homogenized in supercold 150-mM KCl to detect malondialdehyde (MDA) and
glutathione (GSH) levels. MDA levels were examined for lipid
peroxidation products, and the results were expressed as
nmol MDA/g tissue (14). GSH levels were assessed using a
spectrophotometric technique using Ellman’s reagent, and the
results were expressed as μmol GSH/g tissue (7).
Measurement of Myeloperoxidase Activity
Myeloperoxidase (MPO) activity levels were measured using
the method described by Hillegass et al. (16). Spinal cord
tissue specimens were homogenized in 50-mM potassium
phosphate buffer (PB) at pH 6.0 and centrifuged at 41,400 g
for 10 minutes. The pellets were then suspended in 50-mM
PB containing 0.5% hexadecyltrimethyl-ammonium bromide
(HETAB). After three freeze–defrost cycles with sonication
between cycles, the samples were centrifuged at 41,400
g for 10 minutes. Aliquots (0.3 ml) were added to 2.3 ml of
the response mixture containing 50-mM PB, o-dianisidine,
and 20-mM H2O2 solution. One unit of enzyme activity was
defined as the MPO level that caused an adjustment in
absorbance, estimated at 460 nm for 3 minutes. MPO activity
was expressed as µ/g tissue.
Immunohistochemical Technique
Formaldehyde-fixed tissue was embedded in paraffin wax
for further immunohistochemical examination. Sections
were deparaffinized in xylene and extracted in distilled
water through a descending alcohol series. The antigen
retrieval process was performed twice (at 7 minutes and 5
minutes, respectively) using EDTA buffer solution (pH 6.0)
in a microwave oven at 700 W. The sections were cooled
to room temperature for 30 minutes and washed twice in
distilled water for 5 minutes. Endogenous peroxidase activity
was blocked in 0.1% hydrogen peroxide for 20 minutes. Ultra
V block (Cat. No. 85-9043, Invitrogen, Carlsbad, California,
USA) was applied for 10 minutes prior to the application of the
primary antibodies: tumor necrosis factor-alpha (TNF-α; Cat.
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No. P300A, Invitrogen, Carlsbad, California, USA), vascular
endothelial growth factor (VEGF) antibody (Cat. No. PA3067, Invitrogen, Carlsbad, California, USA), and Bax antibody
(Cat. No. 33-6600, Invitrogen, Carlsbad, California, USA). A
secondary antibody (Cat. No. 85-9043, Invitrogen, Carlsbad,
California, USA) was applied for 20 minutes. Slides were then
incubated in streptavidin-peroxidase for 20 minutes, and
diaminobenzidine (DAB, Cat. No. 34002, Invitrogen, Carlsbad,
California, USA) was used as the chromogen. Control slides
were prepared using the same procedure, but phosphate
buffered saline was used instead of the primary antibodies.
After counterstaining with hematoxylin and washing in tap
water for 8 minutes, sections were examined under a light
microscope.
Histologic Examinations
The specimens obtained from the spinal cord were fixed with
neutral buffered 10% formalin solution. Spinal cord specimens
were directly dehydrated through an ascending alcohol series
and embedded in paraffin wax. Sections of 5 µm were cut
using a microtome (Rotatory Microtome, Leica, RM 2265,
Germany) and mounted on the smeared slides. The sections
were stained with hematoxylin–eosin to delineate the white
and gray matters.
Statistical Analysis
The number of groups (n), mean (mean), standard deviation
(SD), median (median), 25th percentile, and 75th percentile
were calculated. In addition, the Shapiro–Wilk normality test
was used to determine whether the groups showed normal
distribution. One-way analysis of variance was used to
compare the groups. The difference between the groups was
evaluated to be statistically significant at p<0.05. Different
groups were compared using Bonferroni correction. Groups
were shown as mean ± 2SD graphically. For statistical analysis,
SPSS (Version 22) package program was used.
█

RESULTS

In this study, the control (group I), SCI (Group II), and SCI +
amantadine group (group III) were biochemically analyzed.
MPO activity, known as an indicator of neutrophil infiltration,
was substantially higher in the spinal cord tissues of the rats
in the group II than in those of the rats in the control group

(p<0.001). The injury caused a significant increase in MDA
levels (p<0.001) with a corresponding decrease in GSH levels
(p<0.001). Amantadine treatment decreased MDA levels and
MPO activity by day 7 (Table I).
On histological examination of the spinal cord sections of the
group I, the nuclei of bipolar and multipolar-like neurons in
the gray matter layer were observed to be rich in chromatin,
and the nerve extensions were distributed in parallel. The glial
cells with oval nuclei and their axonal and dendritic process
in the white matter were elongated through the periphery of
the synaptic structures (Figure 4A; hematoxylin–eosin stain,
Bar: 100 µm). In the group II, degeneration and apoptotic
changes in ependymal cells, mononuclear cell infiltration in
the substantia grisea layer, dilation of the blood vessels, and
hemorrhage were observed (Figure 4B; hematoxylin–eosin
stain, Bar: 50 µm). On histopathological examination of the
spinal cord sections of the group III, few inflammatory cells
were observed in the gray and white matter. Mildly degenerated
multipolar and bipolar cells and a few glial cells with pyknotic
nuclei were observed. Synaptic extensions were observed to
be parallel and prominent (Figure 4C; hematoxylin–eosin stain,
Bar: 50 µm).
In group I, TNF-α activity was observed in the glial cells and
unipolar neurons in the substantia grisea layer, whereas it was
weak in the bipolar and multipolar neurons and synaptic areas
(Figure 5A; TNF-α immunostaining, Bar: 100 µm). In the SCI
group, TNF-α expression was significant in glial macrophages,
dilated vascular endothelial cells, bipolar and multipolar
neurons, and in the inflammatory cells around the small blood
vessels (Figure 5B; TNF-α, immunostaining, Bar: 100 µm). In
the group III, the glial cells and some bipolar and multipolar
neurons showed TNF-α expression; however, TNF-α was
found to be weak in small groups of inflammatory cells around
the blood vessels in the substantia grisea and alba (Figure 5C;
TNF-α immunostaining, Bar: 100 µm).
The group I showed negative Bax immunoreaction in the
bipolar and multipolar neurons and glial cells (Figure 6A;
Bax immunostaining, Bar: 100 µm). In the group II, positive
Bax expression and apoptotic changes were observed in the
glial cells and bipolar and some multipolar neurons in the
substantia grisea (Figure 6B; Bax immunostaining, Bar: 100
µm). In the group III, positive Bax expression was found in

Table I: MDA, MPO, and GSH Values of Experimental Groups and Their Comparisons

Groups
Control

Spinal Cord Injury

Spinal Cord Injury +
Amantadine

p

n

Mean

SD

n

Mean

SD

n

Mean

SD

MDA (nmol/g)

10

33.29

3.30

10

54.63

4.52

10

38.75

2.54

<0.001*

MPO (U/g)

10

4.88

0.65

10

7.54

0.66

10

5.30

0.62

<0.001*

GSH (µmol/g)

10

1.65

0.14

10

0.81

0.19

10

1.16

0.21

<0.001*

*p<0.05 considered as significant; One-Way ANOVA test results. GSH: Glutathione, MDA: Malondialdehyde, MPO: Myeloperoxidase,
SD: Standard deviation, ANOVA: Analysis of variance.
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Figure 1: Graphical illustration of MDA
levels in all groups.

Figure 2: Graphical illustration of MPO
levels in all groups.

Figure 3: Graphical illustration of GSH
levels in all groups.
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the substantia grisea layer, particularly in the membrane of
some bipolar neurons and glial cells, whereas neuron and
glial cells showed negative Bax expression (Figure 6C; Bax
immunostaining, Bar: 100 µm).
On immunohistochemical examination of the group I, positive
VEGF expression was observed in small vascular endothelial
cells, bipolar and multipolar neurons, and the anterior horn of
the spinal cord (Figure 7A; VEGF immunostaining, Bar: 100
µm). The group II showed increased VEGF expression in the
degenerative neuronal processes, inflammatory cells, and
vascular endothelial cells in spinal gray and white matter layers
(Figure 7B; VEGF immunostaining, Bar: 100 µm). In the group
III, positive VEGF expression was observed in the vascular

A

B

endothelium, whereas weak VEGF expression was observed
in some bipolar and multipolar neurons and glial cells in the
substantia grisea layer (Figure 7C; VEGF immunostaining, Bar:
100 µm).
█

DISCUSSION

SCI is defined as temporary or permanent impairment of
spinal cord functions caused by trauma. The primary trauma
induces mechanical compression, bleeding, and electrolyte
disturbances resulting in irreversible nerve injury. The
secondary damage that is caused by edema, hemorrhage,
inflammation, lipid peroxidation, energy metabolism system
disorders, ischemia, and oxidative stress results in reversible

C

Figure 4: Hematoxylin–eosin stain of spinal cord. Footnote: In the spinal cord sections of the control group, the nuclei of bipolar and
multipolar-like neurons in the gray matter layer (red arrow) were rich in chromatin and the nerve extensions were distributed in parallel.
The glial cells with oval nuclei and their axonal and dendritic process in the white matter were elongated through the periphery of the
synaptic structures (yellow arrow) (A); (Hematoxylin-Eosin stain original magnification X40). In the SCI group, degeneration and apoptotic
change in ependymal cells (blue arrow), mononuclear cell infiltration in the substantia grisea layer (yellow arrow), dilatation in the blood
vessels and hemorrhage (red arrow) were observed (B); (Hematoxylin-Eosin stain, original magnification X40).In the histopathological
examination of the groups treated with SCI + Amantadine, a small number of inflammatory cells were observed in the gray and white
matter (yellow arrow), Mildly degenereated multi-polar and bipolar cells and a small number of glia cells with pyknotic nuclei were seen
(red arrow). Synaptic extensions were found to be parallel and prominent (C); (Hematoxylin-Eosin stain, original magnification X40).

A

B

C

Figure 5: TNF-α immunostaining of spinal cord. Footnote: In the control group, TNF-α reaction was observed in the glia cells and unipolar
neurons in the substantia grisea layer (yellow arrow), while it was weak in bipolar and multipolar neurons (red arrow) and synaptic areas
(A); (TNF-α immunostaining, original magnification X40). In the trauma group, TNF-α expression was significant in glial macrophages
(yellow arrow), dilated vascular endothelial cells (red arrow), Bipolar and multipolar neurons and in inflammatory cells around small blood
vessels (blue arrow) (B); (TNF-α immunostaining, original magnification X40). Trauma + Amantadine group; Glial cells and some bipolar
and multipolar neurons showed TNF-α expression (yellow arrow), whereas TNF-α was found to be weak in small groups of inflammatory
cells around blood vessels in the substantia grisea and alba (red arrow) (C); (TNF-α immunostaining, original magnification X40).
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nerve injury (20). SCI pathophysiology involves both primary
and secondary injuries. Lipid peroxidation is one of the
significant pathological mechanisms involved in secondary
damage after SCI. Another critical factor in the secondary
injury mechanism is Ca2+ ions. Both primary and secondary
injuries result in increased release of glutamate, sustained
activation of glutamate receptors, and increased accumulation
of Ca2+. Glutamate exerts these toxic effects through several
receptors, including NMDA receptors (10).
The Ca2+ influx plays an essential role in the pathogenesis of
neural injury following trauma or ischemia (2). Happel et al.
showed that in contused spinal cords the calcium content in
the total tissue increases with time (14). Banik et al. reported
that perfusion of high Ca2+ concentrations into the spinal cord

A

B

causes biochemical and histopathological changes, which
are similar to those after trauma (3). Therefore, therapeutic
approaches that decrease oxidative stress may be potentially
beneficial in several neurological diseases (6). Notably,
corticosteroids, lazaroids, gangliosides, calcium channel
blockers, free radical scavengers, magnesium, sodium channel
blockers, cyclosporin A, opioid receptor antagonists, NMDA
receptor antagonists, and thyrotropin-releasing hormone have
been reported to be promising in experimental SCI models
(19,28). NMDA and non-NMDA receptor antagonists have
demonstrated neuroprotective properties both in vitro and
in vivo; however, their clinical use is limited because they
have major adverse effects (11). We investigated the effect
of amantadine because it is an NMDA glutamate receptor
antagonist because its use in SCI has not yet been reported.

C

Figure 6: Bax immunostaining of spinal cord Footnote: In the control group of Bax expression, negative Bax immunoreaction was seen
in the bipolar and multipolar neurons (red arrow) and the glial cells (yellow arrow), (A); (Bax immunostaining, original magnification X40).
SCI group; in the substantia grisea apoptotic changes were observed in the glia cells (yellow arrow), bipolar and some multipolar neurons
with positive Bax expression (red arrow) (B); (Bax immunostaining, original magnification X40). In SCI + Amantadine treated group: Bax
expression was found to be positive in the substantia grisea layer especially in the membrane of some bipolar neurons (red arrow) (and
glia cells, whereas Bax expression of neuron and glia cells was negative (yellow arrow), (C); (Bax immunostaining, original magnification
X40).

A

B

C

Figure 7: VEGF immunostaining of spinal cord Footnote: Immunohistochemical examination of the control group showed positive
expression of VEGF in small vascular endothelial cells (red arrow), bipolar and multipolar neurons and anterior horn of the spinal cord
(yellow arrow) (A); (VEGF immunostaining, original magnification X40). An increase in VEGF expression was observed in the processes
of degenerative neurons, inflammatory cells (red arrow), vascular endothelial cells of spinal gray and white matter layers due to lesion
injury (yellow arrow) (B); (VEGF immunostaining, Bar: 100 µm). VEGF expression in the vascular endothelium (red arrow), was positive
in the SCI + Amantadine-treated group. However, weak VEGF expression was observed in some bipolar and multipolar neurons (yellow
arrow) and glial cells in the substantia grisea layer (C); (VEGF immunostaining, original magnification X40).
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Amantadine facilitates dopamine release, delays presynaptic
dopamine reuptake and absorption, increases the number
of postsynaptic dopamine receptors, and inhibits microglial
activation and neuroinflammation (18,21,24,31). Furthermore,
it is used to treat the psychiatric symptoms of Parkinson’s
disease (30). However, it has been proven to be beneficial in
multiple sclerosis fatigue, major depressive disorder, traumatic
brain injury, and refractory electrical status epilepticus (32).
Biological systems are protected against oxidative damage
by antioxidant enzymes such as superoxide dismutase,
catalase, GSH peroxidase, MDA, and a combination of
other antioxidants (18). GSH is an antioxidant that protects
cells from free radicals (11). MDA, which is formed during
the breakdown of polyunsaturated fatty acids, functions as
an essential and reliable index for determining the extent of
peroxidation (25). Emmez et al. demonstrated that gabapentin
administration decreased tissue MDA levels in the early phase
of experimental SCI (10). In our study, the control group
showed increased MDA (Figure 1) and MPO levels (Figure 2)
but decreased GSH levels (Figure 3). In contrast, the SCI +
amantadine-treated group showed decreased MDA and MPO
levels.
In our study, degeneration and apoptotic changes in
ependymal cells, mononuclear cell infiltration in the substantia
grisea layer, dilation of the blood vessels, and hemorrhage
were observed after SCI. Pyknotic changes were observed in
multipolar and bipolar nerve cells and glial cells (Figure 4B).
On histopathological examination of the SCI + amantadinetreated group, few inflammatory cells were observed in the
gray and white matter, whereas mild degeneration was evident
in the multipolar and bipolar cells and a few glial cells with
pyknotic nuclei. Furthermore, synaptic extensions were found
to be parallel and prominent (Figure 4C).
TNF-α is a critical proinflammatory cytokine. TNF-α is an
acute-phase protein that initiates a cascade of cytokines
and increases vascular permeability, thereby recruiting
macrophage and neutrophils to the site of infection (12). After
SCI, the TNF-α level becomes elevated in the spinal cord,
approaching a peak within 1 h after the initial trauma (8). Baran
et al. reported positive TNF-α expression in some bipolar and
glial cells following SCI, and it was more prominent in some
nerve endings (5). In our study, the oxidative stress after SCI
resulted in the activation of nerve cells and glial cells and
caused the release of inflammatory cytokines and TNF-α
(Figure 5B).
After SCI, inflammation and vascular structure of the spinal
cord play a crucial role in the improvement of apoptotic
changes in neurons and glial cells. When apoptosis of
neurons and glial cells is counteracted after trauma, the loss
of nerve tissue can be substantially decreased, and SCI may
improve. The secondary lesion caused by SCI can damage
spinal neurons and trigger apoptotic cascades. Bcl-2 family
proteins have been shown to modulate cellular apoptosis.
Under normal circumstances, Bcl-2 itself functions as an
anti-apoptotic protein, whereas another member of the Bax
family functions as a pro-apoptotic molecule (13). Our study
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provided evidence regarding decreased Bcl-2 and increased
Bax protein levels in the spinal cord tissues following SCI.
In this study, Bax expression was increased in neuron and glial
cells after SCI (Figure 6B). In the SCI + amantadine-treated
group, Bax was expressed in a few glial cells and membranes
of some bipolar neurons (Figure 6C). However, amantadine
is considered to prevent an apoptotic change in the cell
membrane during the pro-apoptotic period.
VEGF expression, angiogenesis, and vascularization are
essential contributors after SCI. VEGF is considered to be a
crucial neurotrophic for the continuity of spinal cord neurons
and endothelial cells. Herrera et aldemonstrated that VEGF is
typically expressed in neurons and astrocytes (15). They stated
that the neurons at the site of spinal cord injury were significantly lost a day after injury and could add to a general reduction in VEGF. In our study, VEGF expression was increased
in the degenerative neuronal processes, inflammatory cells,
and vascular endothelial cells in gray and white matter layers
after SCI (Figure 7B). VEGF expression was observed in the
vascular endothelium of rats in the SCI + amantadine-treated
group. However, weak VEGF expression was observed in
some bipolar and multipolar neurons and glial cells of the
substantia grisea layer (Figure 7C). Therefore, amantadine
induces endothelial development and angiogenesis.
Wang et al. reported that amantadine treatment is a potential
neuroprotective treatment after traumatic brain injury and
may decrease the associated cognitive dysfunction (31).
Amantadine reportedly causes apoptosis with post-traumatic
NMDA receptor inhibition, which can inhibit the excessive
stimulation of glutaminergic pathways and calcium flow
(26,29). Memantine, an NMDA antagonist, is effective in
preventing necrosis and apoptosis after SCI (1). Memantine
has been shown to influence inflammation and hormonal
status and exhibit anti-inflammatory and neurotrophic
effects by downregulating brain cytokines. In our study, we
demonstrated that amantadine inhibits oxidative stress and
exerts a neuroprotective effect after SCI.
After traumatic SCI in rats, apoptosis induced by increased
TNF-α production results in increased Bax expression. This
condition is closely associated with angiogenesis induced by
inflammatory cytokines. Inflammatory cytokines have been
shown to facilitate angiogenesis in CNS injuries.
█

CONCLUSION

A NMDA receptor antagonist, amantadine, may have neuroprotective effect on SCI by inducing angiogenesis, affecting
inflammation and apoptosis. It also inhibits oxidative stress
and the signaling pathways after SCI. More experimental
studies are needed to elucidate these effects in animals and
clinical studies on the application of this agent in patients with
SCI.
█
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