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Background: Necroptosis is an emerging programmed necrosis other than traditional necrosis and apoptosis.
Until recently, there have not been studies that have investigated a relationship between necroptosis and
pathogenesis of cell death after spinal cord injury (SCI).

Objective: To investigate whether necroptosis takes part in the early pathophysiological processes of traumatic
SCI in mice.

Methods: Female ICR mice were randomized equally into three groups: the sham, the vehicle-treated + SCI
group, and the Nec-1-treated + SCI group. To induce SCI, the mice were subjected to a laminectomy at T9
and compression with a vascular clip. After mice were sacrificed 24 hours post-SCI, propidium iodide (PI)-
positive cells were detected using in vivo Pl labeling. Morphological analyses were performed by
hematoxylin and eosin staining and Nissl staining. The samples were evaluated for apoptosis by the in situ
TUNEL assay. The expression of caspase-3 was assessed by western blot. Locomotor behavior of hindlimb
was evaluated by BMS (Basso mouse scale) score at 1, 3, 5, 7, and 14 days post-injury.

Results: Compared with dimethyl sulfoxide -treated mice, necrostatin-1-treated mice showed decreased PI-
positive cells (P < 0.05), alleviated tissue damage, more surviving neuron at 24 hours after SCI (P < 0.05),
and improved functional recovery from days 7 to 14 (P < 0.05). Necrostatin-1 did not reduce the expression
of caspase-3 and the number of TUNEL-positive cells at 24 hours after SCI (P > 0.05).

Conclusions: Necroptosis contributes to necroptotic cell death and influences functional outcome after SCI in
adult mice. The inhibition of necroptosis by necrostatin-1 may have therapeutic potential for patients with SCI.
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Introduction

The annual incidence of spinal cord injury (SCI),
excluding mortalities at the scene of the accident, is
~40 cases per million population in the USA or
~12000 new cases each year.' Individuals paralyzed
from SCI experience one of the most physically
disabling and psychologically devastating conditions
known to humans.> Unfortunately, although great
efforts have been made to improve the outcome of
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patients with SCI, at present there is little effective
therapy in clinic except high-dose methylprednisolone,
which does not significantly improve functional recov-
ery and has serious adverse effects.” Nowadays, trau-
matic SCI and its devastating consequences represent
one of the greatest challenges for clinicians. So, it is
crucial and significant to find new and promising thera-
peutic approaches.

The pathophysiological processes of traumatic SCI
generally include two phases: the primary injury,
characterized by hemorrhage and cell necrosis
(neurons, oligodendrocytes, and endothelial cells, etc.)
in the epicenter of the lesion, which is an irreversible,
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mechanical insult and a subsequent secondary insult,
characterized by excitotoxicity, oxidative stress, ische-
mia, inflammation, ionic homeostasis, and necrotic
and apoptotic cell death, all of which lead to neuronal
and supporting cell death.? Cell death is a fundamental
and core issue following spinal cord damage. The extent
of tissue damage and demyelination can be alleviated
through mechanisms that attenuate neuronal and/or oli-
godendrocytic death. Generally, cell death includes
apoptosis, necrosis, and autophagy.*> Apoptosis is
often characterized by cellular shrinkage, plasma mem-
brane blebbing, chromatin condensation, appearance of
apoptotic body, and nuclear degradation.® Necrosis is
morphologically identified by increased cell volume,
swelling of organelles, and early ruptures of plasma
membrane. Autophagy is characterized by lack of chro-
matin condensation, redistribution of light chain 3 into
autophagosomes membrane, and accumulation of
double-membrane covered vacuoles containing cyto-
plasmic organelles or cytosol.” Most prior studies
about SCI focused on apoptosis and autophagy
because necrosis traditionally was considered to be irre-
versible.®> ' While necrosis is a complex traumatic effect
to cells, therapeutic attempts are currently being under-
taken in the hope of functional recovery or alleviation of
tissue damage. One such approach is through the use of
a relatively new compound: necrostatin-1. Necrosis is
often viewed as an accidental and unregulated cellular
event. However, accumulating evidence suggests that
necrosis, like apoptosis, can partly be executed by regu-
lated mechanisms. In 2005, necrostatin-1 was initially
synthesized by Degterev as a specific tool drug to dis-
tinguish necroptosis from other cell death processes.!!
Since, necroptosis has been described as a receptor-
induced, caspase-independent, highly regulated type of
programmed cell death process with morphological
resemblance of necrosis.’

More recently, necroptosis has been reported to con-
tribute to the attenuation of pathological injury and to
improve functional outcome in animal models of cer-
ebral ischemia, traumatic brain injury, and myocardial
infarction, etc.'>'* There has been a paucity of studies
on necroptosis in SCI. In this present study, we tested
the hypothesis that in a mouse model of SCI, necropto-
sis contributes to neural cell death and that treatment
with necrostatin-1 reduces histopathological and func-
tional deficits. Until recently, none of research about
necroptosis following SCI has been reported. So in
this study, we tested the hypothesis that necroptosis con-
tributes to neural cell death after SCI in mice, and that
treatment with necrostatin-1 would reduce histopatholo-
gical and functional deficits.
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Materials and methods

Animal preparation

Adult female ICR mice (25-30 g) were purchased from
Jinling Hospital Laboratory Animal Center. The mice
were raised on a 12-hour dark-light cycle with free
access to food and water. All experiments were approved
by the Animal Care and Use Committee of Southern
Medical University (China) and accorded to Guides
for the Care and Use of Laboratory Animals by
National Institutes of Health.

Seventy-eight mice were randomly assigned to three
main groups: (a) the sham group that underwent sham
surgery; (b) the vehicle-treated group that underwent
surgery for SCI induction and was given dimethyl sulf-
oxide (DMSO) by intrathecal injection; (c¢) the Nec-1-
treated group that underwent surgery for SCI induction
and was given necrostatin-1 by intrathecal injection.
Each group was randomly divided into four subgroups.
The first subgroup (n = 8) was used to detect propidium
iodide (PI)-positive cells; the second subgroup (n = 6)
was used for histopathological evaluation and
TUNEL staining; the third subgroup (n = 6) was used
for western blot analysis; while locomotor assessment
was performed in the last subgroup (n = 6).

Induction of experimental SCI and administration
of necrostatin-1

The model of SCI in mice was produced according to a
previous report with minor modifications.! After intra-
peritoneal anesthesia with pentobarbital sodium
(50 mg/kg) (Sigma, St Louis, MO, USA), 0.1 ml of
2% lidocaine was injected around the incision site.
A 2.5 cm skin incision along the midline of the back
was made in each mouse. The subsequent operations
were performed with an operating microscope (M500-
N; Leica, Heerbrugg, Switzerland). The paravertebral
muscles of the thoracic level (T8-T10) vertebrae were
dissected out. Laminectomy was performed with
mouse laminectomy forceps at the T9 level. Extradural
compression with a vascular clip (10 g force, Kent
Scientific Corporation, INS 15911, Torrington, CT,
USA) was performed for 1 minute around the exposed
spinal cord. Intrathecal injections were performed with
4 ul of 4 mM necrostatin-1 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) or DMSO at 5 minutes after
clipped injury by inserting a 33-gauge needle connected
to a 5 ul Hamilton syringe (Hamilton, Reno, NV, USA)
with each injection lasting for 5 minutes. After injection,
muscles and skin were sutured in layers, and an antibac-
terial spray was applied topically. The mice were given a
subcutaneous saline injection (1-2ml). Mice were
allowed to recover on a warm pad until



thermoregulation and an alert state was reestablished.
Mice were then returned to their home cages and
raised at 23 + 1°C.

Locomotor assessment

The Basso mouse scale (BMS) score, a sensitive and
reliable rating system to measure hindlimb recovery in
mice following SCIL,'® was used to evaluate the loco-
motor function of mice at 1, 3, 5, 7, and 14 days after
SCI. According to the BMS scale, the mice were
allowed to move in an open field for 5 minutes. If the
scores differed between the individuals, the lower score
was taken. After a brief observation, it was initially
judged whether it was plantar stepping after a mouse
was placed in the open field. If there was plantar step-
ping, then the frequency of stepping and coordination
was evaluated. If not, then ankle movement of dorsal
stepping was evaluated and appropriately scored.!”
The hindlimb movements were observed and scored by
two independent observers, who were blinded to the
experiment.

Administration of Pl and detection of Pl-positive
cells

PI (10 mg/ml, Sigma) was diluted in 0.9% NaCl and
1 mg/kg was administered 1 hour prior to sacrifice by
intraperitoneal injection. Mice were sacrificed at 24
hours after SCI, the samples of spinal cord were har-
vested and frozen in nitrogen vapor, and cryostat spine
sections (8 um) were cut at 150-200 pm intervals.
Cryostat sections were placed on poly-L-lysine slides
and were fixed in 100% ethanol for 10 minutes at
room temperature. For detection of Pl-labeled cells,
the slides were washed with phosphate-buffered saline
(PBS) again three times for 45 minutes. After the three
washes, the slides were covered by microscopic glass
with anti-fade mounting medium. The sections were
photographed using a Nikon Eclipse T300 fluorescence
microscope (Tokyo, Japan) fitted with excitation/emis-
sion filters 568 /585 for PI.

Perfusion-fixation and tissue preparation

Mice were deeply anesthetized, and perfused through
the left cardiac ventricle with ice-cold 0.9% NaCl sol-
utions until the effluent from the right atrium was
clear. The spinal cord within 15 mm rostral, epicenter,
and caudal regions was harvested on ice and stored at
—80°C for western blot analysis. For hematoxylin and
eosin (HE) staining and Nissl staining, the mice
were perfused with 0.9% NaCl solutions followed by
4% buffered paraformaldehyde, then the spinal cord
within 15 mm rostral, epicenter, and caudal regions
was removed and immersed in 4% buffered
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paraformaldehyde overnight and then embedded in par-
affin for further study.

Measurement of lesion size

The longitudinal sections of spinal cord were stained
with HE, and the area of the lesion was quantitated
using image analysis software (Image Pro Plus 6.0,
Media Cybernetics, Inc., Rockville, MD, USA) by two
investigators blinded to the grouping, and the estimated
lesion area was calculated by the average of the injury
areas. Lesion size was expressed in mm?.

Nissl staining

After deparaffinization and rehydration, all sections
were dyed in 1% toluidine blue for 4 minutes at 37°C.
Then, the sections were dehydrated in increasing con-
centrations of ethanol and mounted with Permount.
Five Nissl-stained sections from each animal were ran-
domly selected that were ~200 um apart from each
other and running across the gray matter. All neurons
within 200 um rostral to the lesion edge in each
section were counted, with counting restricted to
neurons having a well-defined nucleolus and a soma
rich in Nissl bodies. All tissue processing was conducted
by two investigators blinded to the grouping.

TUNEL staining

Mice were deeply anesthetized as before in all groups (n =
6 for each group) at 24 hours after SCI. Apoptotic cells
were analyzed using an In Situ Cell Death Detection
kit (Boehringer Mannheim, Mannheim, Germany).
According to the kit’'s protocol and the previous
study,'® after deparaffinization and rehydration, the
tissue was washed with PBS, and then was digested for
15 minutes in proteinase K (20 pg/ml; Sigma). The reac-
tion was terminated with tap water, and the tissue was
washed with PBS for 10 minutes. Sections were incubated
at 37°C with labeling solution containing TUNEL reac-
tion fluid for 60 minutes. After washing with PBS
again, the sections were blocked with 10% goat serum
in 0.1 M Tris for 15 minutes. DNA was visualized by
treating the tissue with a 1:40 dilution of streptavidin per-
oxidase (horseradish peroxidase (HRP)) and staining
with DAB as chromogen. Five sections from each
spinal cord 200 pm apart from each other were randomly
chosen. The TUNEL-positive cells of six microscopic
fields at a magnification of x400 in each section were
identified, counted, and analyzed under the light micro-
scope by two investigators blinded to the grouping.

Western blot analysis
Spinal tissues harvested as before were homogenized
and centrifuged at 14000g for 15 minutes at
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4°C. After adding sodium dodecyl sulfate (SDS) sample
buffer, the supernatant were boiled for 5 minutes at
100°C. Protein concentrations in the samples were deter-
mined using the Bradford method. Then, appropriate
amounts of proteins were loaded onto 10%
SDS—polyacrylamide gel electrophoresis and electro-
transferred it onto a polyvinylidene fluoride membrane.
The membrane was blocked with 5% skimmed milk
for 2 hours at room temperature, then incubated over-
night at 4°C with primary antibodies anti-caspase-3
antibody (diluted 1:1000, Cell Signaling
Technology, Danvers, MA, USA) and B-actin (diluted
1:3000, Bioworld Technology, Inc., St Louis Park,
MN, USA). After the membrane was washed for 15
minutes three times in TBST, the membranes were incu-
bated with the appropriate HRP-conjugated secondary
antibody (diluted 1:5000 in TBST) for 2 hours at

room temperature. Blotted protein bands were visual-
ized by enhanced chemiluminescence (Thermo Fisher
Scientific Inc., Waltham, MA, USA) and were
exposed to X-ray film. Relative changes in protein
expression were estimated from the mean pixel
density using UN-Scan-It 6.1 software (Silk Scientific
Inc., Orem, UT, USA), normalized to p-actin, and cal-
culated as target protein expression/f-actin expression
ratios.

Statistical analysis

All data were presented as mean + SEM. SPSS 16.0
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis of the data. The measurements were subjected
to two-tailed Student’s z-test. A value of P < 0.05 was
considered statistically significant.

Lesion size( mm?)

0.0-

SCI+DMSO

SCl+Nec-1

Figure 1 Longitudinal sections of spinal cord stained with HE. (A) and (a) are from a representative section of the DMSO-treated
group; (B) and (b) show a representative section of the necrostatin-1-treated group. (C) The lesion sizes of spinal cord were
significantly smaller in the necrostatin-1 group than that of the DMSO group at 24 hours post-SCI. *P < 0.05 vs. the DMSO-treated
group (n =6 per group). Scale bars: (A) and (B), 100 um; (a) and (b), 20 pm.
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Results

Necrostatin-1 reduces tissue damage and
neuronal cell death after SCI

HE staining showed that the injured area of spinal cord
formed cavities characterized by the typically “spongy”
appearance at 24 hours after SCI, more severe cavitation
can be observed in the vehicle group compared with the
necrostatin-1 group (Fig. 1A, a and B, b). The lesion size
as defined by HE staining was significantly reduced by
administration of necrostatin-1 24 hours after SCI
(Fig. 1C). Surrounding the lesion, fewer neurons sur-
vived in the vehicle group compared with the necrosta-
tin-1 group (Fig. 2A and B). Nissl staining
demonstrated that the number of surviving neurons in
the necrostatin-1 group was significantly more than in
the vehicle group (Fig. 2C). All of the above suggest
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that necrostatin-1 can reduce tissue damage and neur-
onal cells death 24 hours after SCI.

Necrostatin-1 reduces acute plasmalemma
permeability in neural cells after SC/
Plasmalemma permeability is a hallmark of necroptosis
distinguished from other programmed cell death, like
apoptosis. The effect of necrostatin-l on loss of
plasma membrane integrity was evaluated using in vivo
PI labeling. Compared with the vehicle group, necrosta-
tin-1 reduced significantly the number of PI-positive
cells at 24 hours after SCI (P < 0.05; Fig. 3). Because
plasma membrane permeability may also take place
late in apoptosis, we next assessed the effect of necrosta-
tin-1 on apoptosis using two classic markers of apopto-
sis at 24 hours after SCI: caspase-3 expression and
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Figure 2 Survival of neurons in the peripheral region of the lesion was shown using Nissl staining at 24 hours after SCI. Necrostatin-
1 markedly decreases neurons death at 24 hours after SCI in injured spinal cord. (A, a and B, b) Representative photomicrographs
showing neurons in surrounding injured regions after SCI in necrostatin-1 and DMSO-treated mice. Arrows indicate Nissl-positive
neurons. (C) Quantitation of neurons in injured region. *P < 0.05 vs. the DMSO-treated group (n = 6 per group). Scale bars: (A) and (B),

100 pm; (a) and (b), 10 pm.

The Journal of Spinal Cord Medicine 2015 voL. 38 NO. 6

Necroptosis contributes to early neural cells damage after SCI

749



Liu et al.

750

Necroptosis contributes to early neural cells damage after SCI

(9]

300+

200

100+

Pl-positive cells number

SCI+DMSO

T
SCl+Nec-1

Figure 3 Necrostatin-1 dramatically reduces Pl-positive cells at 24 hours after SCI. (A and B) Representative photomicrographs
showing Pl-positive cells in surrounding injured regions after SCI in necrostatin-1-treated and DMSO-treated mice. Magnification
%x200. (C) The bar graph demonstrating quantitation Pl-positive cells in surrounding injured regions of DMSO and necrostatin-1
administrated mice (the Nec-1-treated group vs. the DMSO-treated group. *P < 0.05, n =6 per group).

TUNEL staining. TUNEL staining illustrated that
necrostatin-1 did not significantly vary the number of
TUNEL-positive cells at 24 hours in areas surround-
ing the lesion compared with the vehicle-treated group
(P > 0.05; Fig. 4). The level of caspase-3 was not signifi-
cantly different between necrostatin-1-treated and
vehicle-treated mice (P > 0.05; Fig. 5). These results
suggest that necrostatin-1 does not influence the apopto-
sis of neurons and/or neuroglia cells after SCI, further
supporting its specific role in reduction of necrosis-like
cellular injury.

Effects of necrostatin-1 on functional recovery
after SCI

All mice used in this study showed a normal BMS score
(score 9) during assessment before the injury. The hind-
limbs of each mouse were totally paralyzed immediately
after SCI, corresponding to a BMS score of 0-1. The
BMS scores of laminectomy control groups throughout
the extent of experiments remained at normal scores of
9. And a gradual recovery of hindlimbs locomotion
was observed in all injured animals regardless of treat-
ment. The statistical analysis showed a significant
improvement in the BMS score from days 7 to 14 in
the necrostatin-1 group than in the SCI group, indicat-
ing that necrostatin-1 could promote the functional
recovery of mice during early stages of recovery after
SCI (Fig. 6).
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Discussion
Traumatic SCI initiates a complex series of cellular and
molecular events that induce massive cell death of
neurons and glial cells, extensive demyelination, and
axonal destruction, leading to permanent neurologic
deficits."” Some of the previous literature suggests that
apoptosis plays an important role in cell death resulting
from SCI, but none of them targets necroptosis.'” 2! In
this study, we demonstrated for the first time the exist-
ence of necroptosis, a novel type of caspase-independent
programmed necrosis, involving in the cell death after
experimental SCI in mice. Our data demonstrated that
necrotatin-1 could attenuate spinal cord tissue damage,
rescue neurons, and improve functional recovery after
experimental SCI in mice.

Multiple lines of evidence indicate that necroptosis is
a significant cell death mode after SCI in mice, accord-
ing to the characteristic of it described in previous
studies.''"1?? Firstly, necroptosis is a pathway of regu-
lated necrotic cell death triggered by death receptor
ligands in the presence of broad caspase inhibition.”!
Accordingly, several studies have demonstrated an upre-
gulation of death receptor ligands, including tumor
necrosis factor-a (TNF-a) within hours after SCI.?*%*
Therefore, it prompted us to directly examine whether
necroptosis may contribute to SCI.

Secondly, the loss of plasma membrane integrity at an
early point in time after SCI argues for a mechanism
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Figure4 TUNEL-positive cells at 24 hours after SCl were shown by TUNEL staining. (A) and (a): the DMSO-treated group; (B) and (b):
the necrostatin-1-treated group. No difference in numbers of TUNEL-positive cells was observed between the necrostatin-1 and the
DMSO-treated groups. Arrows indicate TUNEL-positive cells. Statistical results are shown in (C). P > 0.05 vs. the DMSO-treated

group, n =6 per group. Scale bars: 20 um.

involving necrosis. On the one hand, although necropto-
sis shares some morphological features of necrosis (the
loss of plasma membrane integrity, it is different from
the latter, in that it is triggered by receptor signaling
rather than a non-specific cellular injury. Furthermore,
necroptosis can be inhibited by necrostatin-1, but necro-
sis cannot.'! On the other hand, despite the fact that the
same death receptor agonist may trigger necroptosis and
apoptosis, necroptosis can be distinguishable from
apoptosis both morphologically and functionally.
Apoptosis is often characterized by cellular shrinkage,
plasma membrane blebbing, chromatin condensation,
appearance of apoptotic body, and nuclear degradation,
rather than the loss of plasma membrane integrity.
Moreover, the activation of caspase-3 and TUNEL
staining are also markers of apoptosis.® In our study,

necrostatin-1 reduced the number of cells with loss of
plasma membrane integrity (PI staining positive), a hall-
mark of necrosis, at 24 hours after SCI. Moreover, com-
pared with DMSO-treated animals, more survival
neurons can be observed in the lesion periphery of
injury in necrostatin-1-treated ones. These findings indi-
cated that a portion of neurons and perhaps other cell
deaths can be relieved by necrostatin-1, a specific inhibi-
tor of necropotsis.

Finally, consistent with previous research, necrosta-
tin-1 does not alleviate the expression of caspase-3 or
TUNEL staining at 24 hours.'" It proves that necrosta-
tin-1 does not decrease cells death through apoptotic or
caspase-mediated pathways after SCI. However, it
should be acknowledged that caspase and TUNEL are
not absolute markers of apoptosis. Interestingly, we

The Journal of Spinal Cord Medicine 2015 voL. 38 NO. 6

751



Liu et al.

752

Necroptosis contributes to early neural cells damage after SCI

43 kDa

Caspase-3/p-actin
(relative intensity)

Nec-1

Sham

DMSO

Figure 5 Representative autoradiogram of caspase-3
expression in injured spinal cord tissue. It shows that no
difference can be found in the expression of caspase-3 protein
between the necrostatin-1 and the DMSO-treated groups at 24
hours. **P < 0.05, the Nec-1-treated group vs. the DMSO-
treated group. n =6 per group.

found an increase in the number of cells with an apopto-
tic profile in necrostatin-1-treated mice; however, the
magnitude was not significant. Previous studies show
that apoptosis induced by death receptor ligation
could be switched to necroptosis when apoptosis signal-
ing was blocked because apoptotic and necrotic cell
death mechanisms share the same pathway.”
Therefore, we inferred that necroptosis may be partly
diverted to apoptosis in the presence of necrostatin-1
in SCI model. Above all, a part of necrotic cell death fol-
lowing experimental SCI in mice can be suppressed by
necrostatin-1, which means that necroptosis is a mode
of cell death after SCI in adult mice.

Although extensive work has been done to character-
ize the mechanisms of necroptosis, the signaling path-
ways underlying necroptosis are still poorly
understood. Until recently, the most extensively
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Figure 6 Effects of necrostatin-1 on functional recovery of
mice after SCI. The function of hindlimb recovery was evaluated
from days 1 to 14 after SCI by BMS scores, indicating that
necrostatin-1 significantly improved functional recovery
beginning on day 7 after SCI. *P < 0.05 vs. DMSO, n=6.
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studied pathway leading to necroptosis was by inducing
binding of TNFa to TNF-R1 with the involvement of
kinase receptor interacting protein 1/3 (RIP1/3) when
the apoptotic pathway is blocked.”**® Because the
primary intent of this study is to prove the existence of
necroptosis in the pathological process of SCI, we did
not undertake any further investigations of a mechanis-
tic basis of necroptosis. But studies demonstrating the
concrete mechanism of necroptosis post-SCI in vivo
are currently underway in our laboratory.

Based on previous studies showing a beneficial effect
of necrostatin-1 in ischemic brain injury and traumatic
brain injury, we anticipated that necrostatin-1 would
reduce lesion size and improve functional recovery
after SCL.'"'? Fortunately, we showed that adminis-
tration of necrostatin-1 at 5 minutes post-SCI can
promote the recovery of motor functions in mice. But
administration of necrostatin-1 at 5 minutes after con-
trolled cortical impact (CCI) was not effective in redu-
cing post-injury motor deficits in CCI model in mice.
Necrostatin-1 significantly reduced lesion size only
when it was given at 15-30 minutes post-injury. We
suggested that a large proportion of necroptotic cell
death possibly has no intrinsic relation with motor
function in CCI model. So, in order to have a signifi-
cant impact on motor deficits, it should rescue a great
number of neurons. In contrast, a small amount of
neural cell death, especially neurons and oligodendro-
cytes, are most likely to disrupt and ruin motor
neurons or axon—myelin structural unit after SCI and
hence destroy the motor conduction pathway, even-
tually resulting in functional deficits. So, even small
gains in neural cell survival might significantly affect
functionally relevant neurologic recovery in SCL.* In
contrast, we concluded that a smaller amount of
neural cell survival have not a significant impact on
motor deficits recovery in CCI. Therefore, we
suggested that the relationship between cell residual
and function recovery is tighter in SCI than in CCI
models.

In prior studies, the effective manner of necrostatin-1
administration is intracerebroventricular injection in
nervous system diseases.''"'>?° Instead, intrathecal
injection was chosen as the method of administering
necrostatin-1 in the study, because intrathecal injection
is a more convenient and has a greater prospect of clini-
cal application, especially in SCI model, compared with
intracerebroventricular injection. Finally, we show, for
the first time, that necrostatin-1 can also be effectively
administered by intrathecal injection in SCI model.
Further investigation is needed to identify necroptosis
signaling pathways after SCI.



Conclusion

In conclusion, necroptosis may be an important, emer-
ging mode of cell death after experimental SCI in
mice. The inhibition of necroptosis by necrostatin-1
may be a new and promising strategy for patients with
SCI.
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