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Neuroectodermal stem cells: A remyelinating potential in acute
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The outcomes of compressed spinal cord injury (CSCI) necessitate radical treatment. The therapeutic potential of neuroectodermal stem cells (NESCs) in a rat model of CSCI in acute and subacute stages was assessed. White Wistar rat were
divided into control, sham-operated, CSCI untreated model, CSCI grafted with NESCs at 1 day after CSCI, and at 7 days
after CSCI. Primary NESC cultures were prepared from brains of embryonic day 10 (E10) mice embryos. NESCs were
transplanted at the site of injury using a Hamilton syringe. Locomotor functional assessment, routine histopathology,
immunostaining for (GFAP), and ultrastructure techniques for evaluating the CSI were conducted. In CSCI, areas of
hemorrhage, cavitation, reactive astrocytosis, upregulated GFAP expression of immunostained areas, degeneration of the
axoplasm and demyelination were observed. One day after grafting with NESCs, a decrease in astrocyte reaction and
pathological features, quantitative and qualitative enhancement of remyelination and improved locomotor activity were
observed. Treatment with NESCs at 7 days after CSCI did not mitigatethe reactive astrocytosis and glial scar formation that
hindered the ability of the NESCs to enhance remyelination of axons. In conclusion, the microenvironment and time of
NESCs transplantation affect activity of astrocytes and remyelination of axons.
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1. Introduction
Spinal cord injury (SCI) is a catastrophic neurological
problem. Depending on the degree of injury, patients can
suffer from sensory and motor deﬁcits as well as impaired
bowel and bladder function (Akdemir et al. 2013). Additional complications are associated with the long hospital
stay (van Weert et al. 2014) and consequent exhaustion of
socioeconomic resources (Dumont et al. 2001).
The prevalence of SCI in developing countries exceeds
90%. The primary causes of SCI are car accidents (41.4%)
and falls (34.9%) (Rahimi-Movaghar et al. 2013).
White matter injury causes most of the functional disablement (Mortazavia et al. 2015) as demyelination and
degeneration of the axons in the surrounding white matter
region are primarily responsible for the sensory and motor
http://www.ias.ac.in/jbiosci

deﬁcits. This functional disablement results from oligodendrocyte cell death (Guest et al. 2005). Conversely, astrocytes
play a vital role in the process of healing and axon regeneration (Silver and Miller 2004).
Regeneration can occur in a few areas of the subgranular
zone in the dentate gyrus and the subventricular zone of the
lateral ventricles (Gage 2000). Similarly, the oligodendrocyte precursors present in the white matter of the spinal cord
have been suggested to constitute the largest possible source
of remyelinating oligodendrocytes (Horky et al. 2006).
However, the effects are usually hindered by the aggressive conditions at the lesion site, preventing remyelination
and clinical recovery (Li and Leung 2015).
SCI is managed by medical treatment, surgery, and
rehabilitation, but these often do not result in satisfactory
clinical recovery. Accordingly, stem cells have been used as
897
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a novel treatment. In most experiments, human stem cells,
namely mesenchymal (English et al. 2013), neural/progenitor cells (Silva et al. 2014), embryonic, (English et al. 2013;
Silva et al. 2014), and induced pluripotent cells (Willerth
2011) have been evaluated in rat models of SCI. However,
the use of cross-species stem cells increases the risk of
immunorejection, which is decreased in an autologous
transplant compared with a discordant xenograft (Anderson
et al. 2011).
In the present study, a rat model of compressed SCI
(CSCI) was used to study potential remyelinating and
regenerative effects of neuroectodermal stem cells (NESCs)
at the lesion site. NESCs were derived from mice to avoid
complications of cross-species stem cell transplantation.

2.2

Culture of NESC

The culture medium was a 1:1 mixture of DME/F12 supplemented with NaHCO3, streptomycin, and penicillin at pH
7.3 (Sigma). Primary cultures of mouse neuroectodermal
cells (NECs) were started by trypsinization of E10 mice
brains. The ﬁnal viability of cell suspension was 19106
cells/fetal head as determined using trypan blue. The ﬂoating
spherical clusters of the NEC suspension were plated on
dishes. Inhibition of ﬁbroblastic cells was performed in a
selective medium (ﬁgure 2). Contamination was ensured to
be strictly prohibited. Detailed procedures were previously
described by Kitani et al. (1991).

2.3

CSCI and transplantation of NESCs

2. Materials and methods
2.1

Isolation of neuroectodermal cells

Pregnancy between superovulated female mice using pregnant mare serum gonadotropin (PMSG 7.5 IU) and human
chorionic gonadotropin (HCG 10 IU) and male mice 6–9
weeks old was induced. Under ketamine/xylazine anesthesia
under complete aseptic conditions, embryonic day 10 (El0)
embryos were extracted from pregnant mothers under
complete aspetic conditions. The fetuses were beheaded at
the metencephallon–myelencephalon zone (ﬁgure 1), cut
into small pieces, and placed in DME/F12 containing 0.05%
coﬂagenase and 0.05% elastase for 1 h at 37°C in a CO2
incubator. The trypsinized supernatant was treated as
described previously (Kitani et al. 1991).

2.3.1 Surgical procedure and animal grouping: This work
followed king Abdulaziz University guidelines for care of
laboratory animals. Male adult white Wistar rats were randomly divided into six groups. In group I (control), 10 rats were
left intact to act as negative controls, and in group II (shamoperated), 10 animals were subjected only to laminectomy at
level 9–10 of the thoracic vertebrae. For groups III, IV, and V,
45 rats were subjected to CSCI using the clip compression
technique, as described in our previous work (Ramadan et al.
2017). Then, in group III, 15 rats were subjected to CSCI; in
group IV, 15 rats with CSCI were treated with NESCs transplanted 1 day after CSCI; and in group V, NESCs were transplanted at 7 days after CSCI in 15 rats (ﬁgure 3). Rats subjected
to CSCI in all groups were given subcutaneous saline, placed
under the umbrella of Baytril (2.5 mg/kg/d, s.c.; Bayer,
Shawnee Mission, KS, USA), and kept in a warm environment
until alert. Rats were under close supervision and care and
received manual bladder evacuation twice daily.
2.3.2 Transplantation of NESC: The laminectomy site in
CSCI rats was reopened under anesthesia. A 10 lL Hamilton
syringe (Hamilton, Reno, NV, USA) was used to inject the
cell suspension along the midline of the spinal cord at a
depth of 1.2 mm into two sites, i.e., 4 mm cranial and caudal
to the site of the lesion, for a total volume of 2.5 lL (250,000
cells) at a rate of 2 lL/min. The injected solution was traced,
and if any leakage was detected outside the site of injection
or after removal of the needle, the animal was excluded. The
needle was kept for 5 min at the site of injection. Control
animals received Dulbecco’s Modiﬁed Eagle’s medium
(DMEM) vehicle only (Keirstead et al. 2005).

2.4
Figure 1. Photomicrograph showing embryonic day 10 (E10)
mouse embryo with attached placenta (arrow) for extraction of the
brain tissue (dotted arrow).

Locomotor open ﬁeld test

Open ﬁeld activity, which is considered a good procedure for
monitoring motor behavior and general health in animals
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Figure 2. Photomicrograph showing neuroectodermal stem cells (NESCs) from E10 mouse embryo heads seeded in F12 medium with
10% FBS. Plate (a), reveals the bright, loosely attached NESCs (P 0) singly dispersed (arrow) or in clusters (dotted arrow). Plate (b) shows
a monolayer of NESC colonies (P 1).

2.6

Light microscopy studies

Sections 4 lm thick were stained with hematoxylin and
eosin (H&E) (Bancroft and Gamble 2008). Stained sections
were examined under an Olympus light microscope
BX51TF (Olympus, Tokyo, Japan) and photographed.

2.7

Figure 3. Photograph showing NESC transplantation in a rat
model of compressed spinal cord injury (CSCI) using a 10-lL
Hamilton syringe.

with spinal cord injury, can measure a low locomotor
activity even in severely damaged rats (Metz et al. 2000).
Rats in their cages were placed in the test room for
acclimatization, then transferred to the test chambers and left
there for 60 min. The test was repeated before CSCI
induction, after the operation, and following NESC transplantation each week for 3 weeks (Tatem et al. 2014).

2.5

Tissue processing

Animals were sacriﬁced 3 weeks after cell transplantation.
Spinal cords at the site of the lesion were dissected and
divided into two parts; one part was immersed in 10%
phosphate buffered formalin for routine histological procedures and processed into parafﬁn blocks. The second part
was immersed in glutaraldehyde for electron microscopic
studies.

Immunohistochemistry analysis

The same protocol used in our previous work (Ramadan et al
2017) was followed with sections from parafﬁn blocks
deparafﬁnized and washed in phosphate buffered saline
(PBS) and treated with 3% H2O2 (FlukaChe-mika, Buchs,
Switzerland) before the primary antibody, rabbit anti-glial
ﬁbrillary acidic protein (GFAP) diluted 1:20 in PBS (SigmaAldrich, St. Louis, MO, USA) was added for 1 h. The secondary antibody, biotin anti-rabbit diluted 1:20 in PBS
containing 1% bovine serum albumin (BSA; SigmaAldrich), was added for 30 min. Slides were subjected to
extra avidin–peroxidase (Sigma-Aldrich) diluted 1:20 in
PBS followed with diamin-obenzidine (Bio-Rad Laboratories, Toronto, Canada) for 30 s (Afsari et al. 2008).

2.8 Quantitative analysis of glial ﬁbrillary acidic
protein expres-sion
As explained previously in Ramadan et al. (2017), images
were captured as snapshots and saved in the computer. Color
and contrast were automatically adjusted and then subjected
to automatic thresholding based on the GFAP stained area.
The stained areas were converted to a binary red mask used
by the software to calculate the area percentage of the GFAP
stain (Hashish 2015).
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Electron microscopic study

Brieﬂy, specimens were post-ﬁxed in 1% osmium tetroxide
in the same buffer for 2 h, dehydrated, and embedded in
epoxy resin mixture. Semi-thin, 1-lm-thick sections were
stained with toluidine blue. Ultra-thin 70-nm-thick sections
were stained with uranylacetate followed by lead citrate and
examined at 80 kV under a JEM-2000EX transmission
electron microscope (JEOL, Tokyo, Japan) (Bozzola and
Russel 1998).

2.10

The number of remyelinated axons

Myelination was examined on TEM sections at 100009
magniﬁcation. Remyelinated axons were counted using the

line-sampling technique following Blight(1983). The average number of remyelinated axons within ﬁve 25925
lm2 areas along the radial line produced an approximation
of the total number of axons within the epicenter zone,
calculated as the number of axons per square millimeter

2.11 Statistical study
The data were statistically analyzed using SPSS statistical
software, version 19.0 (SPSS Inc., Chicago, IL, USA) for
Windows. The results are presented as means ± standard
deviations (SDs). Differences in the continuous data were
analyzed using one-way ANOVA. When equal variance
could be assumed, the Fisher’s least signiﬁcant difference

Figure 4. Photograph showing the locomotor activity test of rats in the control group (a) and sham-operated group (b) at 1 day after CSCI
(c), 7 days after CSCI (d), and 3 weeks after NESC transplantation at 1 day after CSCI (e) and 7 days after CSCI (f). Note the hind limb
movement and the progressive regaining of clinical motor function.
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Figure 5. Bar graph showing the frequency and duration of rats’ movement in the control, sham-operated, CSCI, and NESC-treated
groups. Assessment was performed after NESC transplantation at 1 and 7 days after CSCI. The one-way analysis of variance (ANOVA) test
was used. When equal variance could be assumed, the Fisher’s least signiﬁcant difference (LSD) t-test was applied. Data are presented as
means ± standard deviation (SD). *P B 0.05, comparison among NESC-treated groups and CSCI group. **P B 0.05, comparison among
NESC-treated groups and control and sham-operated groups. ***P B 0.05, comparison among CSCI group and control and sham-operated
groups.

(LSD) t-test was applied. Data are presented as means ±
SDs. P\0.05 was considered statistically signiﬁcant.

3. Results
3.1

Locomotor open ﬁeld test

Assessment of the locomotor activity of rats before and after
CSCI, and weekly for 3 weeks after NESC transplantation
was performed using spontaneous locomotor activity in an
open ﬁeld test apparatus, where rats’ activity was automatically videotaped and analyzed (ﬁgure 4a–f). The results
showed that the mean duration of movements performed by
rats in the CSCI group was decreased by 36.62% after 1 day
and by 54.74% 7 days later compared with the control
group. The frequency of movement also decreased, by
24.28% on day 1 and 33.92% on day 7. Conversely, the
NESC transplantation (after 1 and 7 days) enhanced the
duration of movement by 82.06% and 66.59%, and
increased the frequency of movement by 65.15% and
51.42%, respectively, compared with untreated CSCI rats
(ﬁgure 5).

3.2

Light microscopic study

The H&E-stained spinal cord sections of the sham-operated
rats’ revealed normal architecture compared with the controls (ﬁgure 6a and b). On day 1 after CSCI, areas of hemorrhage and loss of tissue in the dorsal funiculus were
evident. Numerous astrocytes and minute scattered hemorrhages were also observed (ﬁgure 6c). This was signiﬁcantly
increased by day 7, with large areas of cavitation, hemorrhage, and ﬁbrinoid necrosis evident (group IV; ﬁgure 6d).
Three weeks after NESC transplantation, signiﬁcant histological improvement was observed in group V rats, which
were treated 1 day after CSCI. A signiﬁcant decrease in the
cavitated areas, hemorrhages, and number of astrocytes was
observed (ﬁgure 6e). However, in group VI rats, treated 7
days after CSCI, although scattered hemorrhages, numerous
astrocytes, and degenerated axons were still evident, the
spinal cord regained its general architectural pattern
(ﬁgure 6f).
Sections immunostained for GFAP revealed lightly
stained, scattered astrocytes that appeared similar in control
and sham-operated groups (ﬁgure 7a and b). One day after
CSCI, reactive hypertrophic astrocytes with thick
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Figure 6. Photomicrographs of spinal cord sections showing the dorsal funiculus section with normal structure in the controls (a), shamoperated with mild vacuolation (b), 1 day after CSCI with areas of hemorrhage (thick arrow), localized cavitated areas (dashed arrows), and
pyknotic nuclei of astrocytes (thin arrows) (c). Seven days after CSCI, complete loss of architecture with large areas of cavitation (*),
hemorrhage (thick arrow), and ﬁbrinoid necrosis were evident (arrowhead) (d). NESCs transplantation showed regaining of the general
structure with low incidence of vacuolation at 1 day after CSCI (e) vacuolation is still signiﬁcant after 7 days (dashed arrows)(f).

cytoskeletal processes increased (ﬁgure 7c), and these
became more profound after 7 days, with localized areas of
upregulated GFAP expression in stained areas evident
around the lesion site (ﬁgure 7d). NESC transplantation
statistically decreased the intense immunoreactivity to GFAP
and the dispersion of the astrocytes in spinal cord sections 1
day after CSCI (ﬁgures 7e, f, g and 8).
Semi-thin sections stained with toluidine blue revealed the
normal structure of nerve ﬁbers, which did not differ from
sections in the sham-operated group (ﬁgure 9a and b).
Conversely, swelling that eliminated the spaces between the
axons was more evident in sections 7 days after CSCI, with
additional areas of degeneration, attenuation, and even
necrosis of myelinated axons (ﬁgure 9c and d). The pathological changes observed were attenuated after NESC

transplantation. More remyelinated axons were present in
rats transplanted with NESCs after 1 day than in those
transplanted after 7 days (ﬁgure 9c and d).

3.3

Ultrastructure analysis

Rat sections in the control group revealed nerve ﬁbers with
well-delineated myelin and preserved cellular organelles in
the axoplasm. The only difference in the sham-operated
group was mildly swollen myelin sheaths (ﬁgure 10a and b).
On day 1 after CSCI, myelinated axons became swollen, and
the axonal space was decreased, with degenerated mitochondria. The surrounding myelin was disorganized,
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Figure 7. Photomicrographs of immunostained spinal cord sections showing normal expression of GFAP staining in control (a) and
sham-operated rats (b), reactive astrocytes appearing with intensely stained thick, well-deﬁned processes in CSCI after 1 day, (c) and in
localized areas of upregulated expression of GFAP-stained areas after 7 days (d). After NESC transplantation, a more signiﬁcant decrease in
immunoreactivity to GFAP was observed after 1 day (e) than after 7 days (f).

showing areas of splitting and looping. Seven days later,
complete loss of architecture, degeneration of the axoplasm,
and disintegration of the myelin sheath were observed (ﬁgure 10c and d). Following NESC transplantation, remyelination was evident at 1 and 7 days after CSCI, but was more
pronounced after 1 day. Considerable oligodendrocyteremyelination and Schwann remyelinated axons were evident
among the degenerated axons (ﬁgure 10e and f).

3.4

The number of remyelinated axons

Following NESC transplantation one day after CSCI,the
number of remyelinated axons in the dorsal white column at
the epicenter area was signiﬁcantly increased in comparison
to that after 7 days (ﬁgure 11).

4. Discussion
SCI has been associated with extensive serious complications such as locomotor dysfunction, bladder and bowel
dysregulation, socioeconomic burden from costly extended
hospitals stay for rehabilitation, and psychological scarring
from the decreased quality of life (Myers et al. 2007;
McKinley et al. 1999).
In the present study, a rat model of CSCI was used. The
clip compression technique was chosen because it provides
various degrees of severity in all regions and great similarity
to clinically encountered cases of SCI, and is considered
inexpensive compared with other techniques (Cheriyan et al.
2014).
Clinical functional recovery from complications of SCI is
the desired outcome for patients and clinicians. Treatments
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Figure 8. Bar graph showing percentage of the mean area of GFAP expression in control, sham-operated, and CSCI rats 7 days after
CSCI with NESC transplantation. The one-way analysis of variance (ANOVA) test was used. When equal variance could be assumed, the
LSD t-test was applied. Data are presented as means ± SDs. *P B 0.05, comparison of NESC-treated groups with CSCI group. **P B 0.05,
comparison of NESC-treated groups with control and sham-operated groups. ***P B 0.05, comparison of CSCI group with control and
sham-operated groups.

utilizing stem cells are currently becoming a promising
strategy.
In the present study, a rat model of CSCI at the level of the
9th thoracic vertebra was designed. NESCs transplantation
was chosen as a treatment due to the potential neural
involvement of NESCs and the low risk of tumor development (Lukovic et al. 2015).
In rats with CSCI, the results revealed areas of hemorrhage, cavitation, ﬁbrinoid necrosis, and reactive astrocytosis
conﬁrmed by GFAP immunostained sections. Moreover,
demyelination, axonal degeneration, and disrupted mitochondria were observed on examination of sections stained
with osmic acid, uranyl acetate, and lead citrate for ultra-thin
sections. The histopathological changes were more severe at
7 days after CSCI than were the acute changes at 1 day after
CSCI. Axonal demyelination, which developed into degeneration, affected locomotor activity, with the duration and
frequency of movement being more decreased after 7 days.
This was in accordance with previous work (Plemel et al.
2014; Kwok et al. 2008) indicating that preventing conduction in preserved ﬁbers is due to aggregation of chondroitin sulfate proteoglycans (CSPGs) inside the glial scar
area in and around the injury, which can be observed in the
subacute and chronic stages of SCI. In the present work,

open ﬁeld activity was chosen for assessment of locomotor
activity rather than BBB (Basso, Beattie and Bresnahan)
locomotor rating scale (Basso et al 1995). This was supported by Metz et al (2000) who considered open ﬁeld
activity test a good measure of gross motor behavior in
spinal cord injured animals. They claimed that the exploratory activity is sensitive to individual differences among
animals with a low locomotor capacity and even severely
damaged rats can show signiﬁcant locomotor activity. Thus,
this simple test is sensitive to a wide range of injuries. On the
other hand, BBB assesses hind limb function only and does
not assess other movements which require coordinated
spinal cord activity (Akhtar et al. 2008).
The role of astrocytes in SCI has not been clariﬁed
(Faulkner et al., 2004).The loss of astrocyte activities in the
pathological process of SCI can hypothetically lead to signiﬁcant loss of functional recovery, suggesting that reactive
astrocytes not only protect tissues but so preserve function
after SCI (Okada et al. 2017).This was attributed to their
production of interleukin-6 (IL-6), IL-10, and macrophage
inﬂammatory protein-1alpha (MIP-1a), which renders the
site of injury more favorable for neuron survival. Moreover,
astrocytes led to transcriptional changes of genes associated
with cell-to-cell communication (e.g., connexins) and
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Figure 9. Photomicrographs of semi-thin spinal cord sections stained with toluidine blue showing the normal structure of nerve ﬁbers in
control and sham-operated groups (a and b). Swollen axons in sections after 1 day (c) were more evident in sections at 7 days after CSCI,
with additional areas of degeneration, attenuation, and even necrosis of myelinated axons (d). Remyelinated axons were observed more in
rats transplanted with NESCs after 1 day (e) than after 7 days (f).

cytoskeletal structure (e.g., GFAP) (Sofroiew 2009). In
injured CNS, the reactive astrocytes change their morphology, and function which is reﬂected by altered expression of
many genes (Eddleston and Mucke 1993). Moreover, it has
been reported that astrocytes promoted adult mouse

oligodendrocyte survival through a cell-to-cell contact
(Corley et al. 2001).
Conversely, reactive astrocytosis involved in glial scar
formation produces axonal growth inhibitors that prevent
axonal regeneration. Moreover, these changes may be
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Figure 10. Photo ultra-micrographs of ultra-thin spinal cord sections of control rats showing clearly identiﬁed myelin sheath with welldeveloped axoplasm, which was slightly swollen in sham-operated rats (a, b). One day after CSCI, degeneration of organelles in the
axoplasm and looping of the myelin sheath were observed (c). Seven days after CSCI, a signiﬁcant loss of myelinated axons, degeneration
of the axoplasm, and loss of the normal architecture were observed (d). Following NESC transplantation, remyelination was evident at 1
and 7 days after CSCI, but was more pronounced at 1 day. Numerous oligodendrocyte remyelination and Schwann remyelinated axons
were evident among the degenerated axons (e and f).

irreversible; thus, glial scarring is considered one of the main
factors hindering regeneration in CNS lesions (Cullheim and
Thams 2007).
It is documented that proliferating astrocytes are a
subcategory of reactive astrocytes that only divide once.
Thus, astrocyte proliferation can be reactivated, but only

in a subset of astrocytes ranging between 15 and 40% of
all astrocytes (Bardehle et al. 2013; Dimou and Götz
2014).
In accordance with Araujo et al. (2016), areas of GFAP
immunoreactive astrocytes were increased in both CSCI
groups, but were more pronounced 7 days after CSCI. These

Therapeutic potential of neuroectodermal stem cells

907

compared with the subacute phase 7 days after CSCI, it
appears that the decreased subset of astrocyte was that
assigned for glial scar formation and not the subset rendering
the site of injury more favorable for neuron survival.
This was evident in renovation of the histological structure and enhancement of locomotor functional activity. In
addition, the glial scar formation that appeared at the epicentral area developing 7 days after CSCI hindered the
potency of NESCs to enhance remyelination of axons.
Figure 11. Bar Graph showing the mean number of remyelinated
axons 3 weeks following NESCs transplantation 1day and 7 days
post CSCI in rat model. Statistical analysis is carried out by
independent student t-test. Data are presented as means ± standard
deviation (SD). *P B 0.05 denote statistical signiﬁcance.

values were lower in rats transplanted with NESCs after 1
and 7 days. However, epicentral areas 1 day after CSCI
revealed an improved regenerative histological structure,
resulting in enhanced locomotor activity after 3 weeks
compared with rats grafted with NESCs at 7 days after
CSCI. This was conﬁrmed by the signiﬁcantly increased
number of remyelinated axons in rats transplanted with
NESCs after 1 day. In similar experiments, undifferentiated
NESCs isolated from E14 rat cortices were grafted into
healthy and injured spinal cords. In the intact spinal cord,
50% of stem cells differentiated into GFAP-positive astrocytes, and a lower percentage differentiated into oligodendrocytes and neurons. In SCI cases, only 35% of the
astrocytes were differentiated, and neuronal differentiation
was absent (Cao et al. 2001), indicating the effect of the
microenvironment on the differentiation sequence of the
grafted stem cells (Kumamaru et al. 2013).
In another SCI model at the 4th lumbar segment, NESC
transplantation at 5 and 10 days after grafting reimplanted
ventral root led to signiﬁcant decrease in the microglia/macrophage and astroglial reactions throughout L4
segment (Pajenda et al. 2013).
Grafted neural cell/progenitor cells largely differentiate
into astrocytes after grafting in the acute phase (Okada et al.
2005). This was attributed to stimulation of the neural cell/
progenitor cells by various inﬂammatory cytokines released
in the acute phase (Kumamaru et al. 2012) indicating that
grafted NESCs stimulated the release of cytokines, including
IL-10, at the site of injury, which granted NESCs their
neuroprotective effects. Other studies have also shown that
the anti-inﬂammatory cytokine IL-10 prohibited the routes
leading to cell death and reduced astroglia and microglia
activities (Boyd et al. 2003), thus decreasing damage
(Jackson et al. 2005).
In conclusion, the present study results showed that NESC
transplantation decreased the proliferation of astrocytes. But
as NESCs were more beneﬁcial in the acute stage of CSCI
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