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Abstract

Background/Aims: Every year, around the world, between 250000 and 500000 people suffer
from spinal cord injury (SCI). This study investigated the potential for poly (lactic-co-glycolic
acid) (PLGA) complex inoculated with olfactory ensheathing cells (OECs) to treat spinal cord
injury in a rat model. Methods: OECs were identified by immunofluorescence based on the
nerve growth factor receptor (NGFR) p75. The Basso, Beattie, and Bresnahan (BBB) score,
together with an inclined plane (IP) test were used to detect functional recovery. Nissl staining
along with the luxol fast blue (LFB) staining were independently employed to illustrate
morphological alterations. More so, immunofluorescence labeling of the glial fibrillary acidic
protein (GFAP) and the microtubule-associated protein-2 (MAP-2), representing astrocytes
and neurons respectively, were investigated at time points of weeks 2 and 8 post-operation.
Results: The findings showed enhanced locomotor recovery, axon myelination and better
protected neurons post SCI when compared with either PLGA or untreated groups (P < 0.05).
Conclusion: PLGA complexes inoculated with OECs improve locomotor functional recovery in
transected spinal cord injured rat models, which is most likely due to the fact it is conducive
to a relatively benevolent microenvironment, has nerve protective effects, as well as the ability
to enhance remyelination, via a promotion of cell differentiation and inhibition of astrocyte
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Introduction

In addition to paralysis and loss of sensation, SCI can result in dysfunction to the cardio-
circulatory, gastrointestinal, respiratory and urogenital systems [1]. SCI sites are unable to
generate sufficient new neural tissue to regain function, resulting in permanent neurological
deficits [2, 3]. Patients with SCI predominantly exhibit paraplegia or tetraplegia [4]. It is
therefore vital to develop an effective way to promote sufficient neuron regeneration to
regain function.

There have been several investigations into engineered bio-constructs that use various
types of cell-seeded bio-complexes [5-7], the two integral parts being an appropriate
cell source and a suitable complex [8]. A number of previous studies have shown that
transplantation of neural stem cells like embryonic stem cells [9], mesenchymal stem cells
[10] and glial cells, such as schwann cells [11], bone marrow stromal cells [12]or olfactory
ensheathing cells [13] into the lesion site of the SCI can significantly promote axonal
regeneration and functional recovery. Similarly, research has demonstrated that nerve
regeneration as well as restoration of both sensory and motor functions can benefit from the
transplantation of biodegradable complexes acting as a bridge [14].

PLGA is a biodegradable and biocompatible complex [15, 16] that has been utilized as
a tissue engineering complex in a number of studies [17-20].They tend to provide a better
cell growth milieu in the conveyance of exogenous cells into the lesion site, promoting and
supporting axonal growth towards the damaged neural cells or tissues [21]. However, the
poor hydrophilicity of the PLGA complex coupled with the lack of cell surface recognition
motifs [16, 22] can negatively influence its protein interaction and subsequent cellular
behavior [22].

OECs notably accelerate neuronal regeneration within the CNS in many transplantation
paradigms [19, 23, 24]. OECs also secrete nerve growth factors, decrease neuronal apoptosis,
reduce glial scaring and produce a number of trophic factors such as vascular endothelial
growth factor [23, 25, 26]. An erstwhile study [27] also discovered that transplanted OECs
extensively constitute the myelin and the Ranvier nodes of the axons displaying proper
sodium channel organisation. Consequently, OECs make a good candidate for further
investigation into the treatment of SCI.

A previous study established that PLGA complex inoculated with Schwann cells [21],
human mesenchymal stem cells (hMSCs) [7], neural stem cells and gene-modified stem cells
[14]have the tendency to promote cell survival and differentiation, as well as neurological
function, in SCI models. Furthermore, a number of studies have reported the effects of OECs
seeded on a chitosan-collagen conduit scaffold [28], a peptide hydrogel scaffold [29], a
poly(L-Lactic acid) (PLLA) nanofibrous scaffolds [30], a chitosan/poly(e-caprolactone) (CS/
PCL) scaffolds [31] and an acellular scaffolds [32] in the treatment of SCI. Interestingly, there
was also a study [33] that substantiated the clinical feasibility of using an albumin scaffold
inoculated with OECs. More fascinatingly, Li et al. [34] suggested that PLGA seeded with OECs
is an appreciable substitute for bridging sciatic nerve defect in rats. However, an OEC seeded
PLGA scaffold has yet to be studied [35]. Therefore, the aim of this study was to further
understand whether OEC in combination with PLGA makes for a viable SCI treatment.

Materials and Methods

Animals

A total of 64 adult male Sprague-Dawley (henceforth: SD) rats, weighing 220-250g, were obtained
from the Experimental Animal Center of Zhejiang University. The rats were then randomly assigned to a
sham group (n=10), an SCI group (n=18), a PLGA scaffold group (PLGA group, n=18) and a OEC inoculated
PLGA complex group (n=18). The animals were kept in a 12-hour light-dark cycle with free access to food
and water in pathogen-free housing. All animal handling procedures used in this study were carried out
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in accordance with Zhejiang University’s guide for the care and use of laboratory animals as well as the
National Institute of Health’s (NIH) Guide for the Care and Use of Laboratory Animals.

Preparation of the PLGA complex

The PLGA (polylactide (PLA) to polyglycolide (PGA) mole ratio 75:30; average molecular weight of
700,000 g/mol and provided by Professor Tingchun Shi from the Bio-manufacturing Research Center,
Hangzhou Dianzi University, Hangzhou, China) was trimmed into a rod shape for seeding with OECs. The
PLGA rods, which contain small channels along the longitudinal axis, were washed and soaked in Dulbecco’s
Modified Eagle Medium (DMEM) for 2 hours before culturing. All samples were stored in a vacuum desiccator
and sterilised by gamma irradiation (2.5 Mrad) prior to usage.

Cultivation, purification and immunofluorescence identification of OECs

OECs are neural crest cells generated in the olfactory bulbs of healthy newborn SD rats (n=20) and were
cultured following the protocol as published in a paper by Shifeng Wu et al [36]. After deep anesthetisation
by 1% Nembutal (40 mg/kg) intraperitoneal injection, the skull of the rats was carefully opened and then
the meninges and vessels removed under microscope. The olfactory bulbs were collected and washed twice
with phosphate buffered saline (PBS) and minced with sterile scalpel blades. They were then incubated
in Hank's buffered salt solution (HBSS) containing 0.25% trypsin for 25 minutes at a temperature of 37°C
and the enzymatic digestion terminated by the addition of 10% fetal calf serum. The cells were washed
and centrifuged at 1000rpm for 6 minutes at 4°C before removing the non-adherent cells. The pellet was
re-suspended by fresh DMEM along with 10% fetal calf serum and centrifuged to separate undissociated
tissue. Following that, a culture medium was added for single-cell suspension and concentrated to 500 cells
per microliter on a poly-L-lysine (Sigma)-coated with 6 mm glass cover slides placed within 24-well cell
culture plates. After the cell suspension had been obtained, the sample was then incubated at 37°C with 5%
CO, (Thermo Fisher Labserv CO-150, USA).

For immunofluorescence identification, cells were washed thrice with PBS followed by incubation
with 4% paraformaldehyde for 10 minutes at room temperature. After being permeabilised and blocked
with PBS/0.3% Triton X-100/1% BSA and 0.5% normal goat serum for 30 minutes and 1 hour respectively
at room temperature, the samples were then incubated with anti-P75 (1:200 Abcam, USA) for 1 hour at
room temperature. Following thrice washing with PBS, the cells were incubated with DyLight 488 AffiniPure
rabbit anti-goat IgG (H+L) (1:750, Earth, USA) secondary antibodies for 60 minutes at room temperature.
The samples were subsequently washed three more times with PBS and primed for observation under
the fluorescence microscope (Olympus BX51, NIKON, Japan). The percentage of P75-positive cells was
calculated by the number of P75-positive cells in each group divided by the number of P75-positive cells in
the blank control group, and multiplied by 100. The purity of OECs selected for inoculation was 80-90%.
Immunostaining consistently showed at least 80% of the donor cells to be P75 positive. Finally, the OECs
were co-cultured with the PLGA complex to complete the grafts. This was carried out at 37°C in a 5% CO,
saturated humidity, with the medium cultured for 3 days prior to transplantation.

Surgical procedures, spinal cord injury and scaffold implantation

Following the anaesthetisation of the rats, a midline incision exposing the spinal column at the
thoracic level was made and the paravertebral muscles were dissected bilaterally to visualise the transverse
apophyses. A laminectomy was then performed by complete transection of the T9-T10 region to create
a 2-mm longitudinal cut from the ninth thoracic cord with a micro-surgical blade. The blood and cord
tissues in the gap were then carefully removed and a visible separation of stump was observed under the
operating microscope. The wound was irrigated with saline solution, and gelfoam temporarily placed in the
gap to stop the bleeding. Subsequently, the PLGA and the PLGA+OECs were implanted into their respective
gaps. Rats in the SCI group were injured without receiving implantation; their injured gaps were filled
with only saline solution. All scaffolds were with the aid of an operative microscope to achieve a close fit
between the rostral and caudal portions of the spinal cord [1]. Following this, the muscles and skin were
sutured separately. After the surgical procedures, the rats were carefully placed in a specific pathogen-
free and temperature-controlled cage to recover from anesthesia overnight. They were then treated with
an intramuscular injection of penicillin (25,000 UI per rat, b.i.d.) for 7 days post-surgery so as to prevent
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urinary tract infection. Manual bladder emptying was conducted two to three times a day until micturition
function was reestablished.

Behavioral Assessment

Basso, Beattie, and Bresnahan (BBB) locomotor scale. The Basso, Beattie, and Bresnahan (BBB) scale
(numbering 0-21) is a point scale used in the analysis of the limb joint activity. Its locomotion rate is based
on various aspects of hind limb function like weight support and toe clearance, among others [37]. All results
were obtained at time points of weeks 2 to 8 post-operation and took the form of a blind examination by two
independent scorers.

Inclined plane test. The rats’ ability to maintain postural stability was evaluated with an inclined plane
(IP) test. The animals were placed on an inclined plane, and the maximum inclination of the plane at which
the rat could maintain itself for 5 seconds was recorded. This was denoted as the rat's functional ability [38].
Regarding the motor function, the animals were classified using a 5-point scale as follows:

Grade 5 = able to walk normally;

Grade 4 = able to walk with either mild spasticity or in-coordination with the hind limbs;

Grade 3 = able to stand but unable to walk;

Grade 2 = minimal voluntary hind limb movements but unable to stand; and

Grade 1 = no voluntary hind limb movements [39].

Perfusion and tissue processing

Animals from each group were sacrificed at time points of 2 weeks and 8 weeks following injury. The
rats were given an overdose of Nembutal and then perfused transcardially with 4% paraformaldehyde
prepared in 0.1 M phosphate buffer (pH 7.4) so as to support the tissue after the blood had been cleaned
with saline. The injured cords together with the brain tissues were then carefully removed, embedded in
the same fixative for 4 hours and then transferred into 30% sucrose that had been diluted in PBS. After
dehydration, the tissues were soaked in Tissue-Tek® O.C.T. compound (Sakura Finetek USA, Inc.).

Histological assessment

At time points of 2 weeks and 8 weeks following grafting, the animals were sacrificed to obtain the
required tissues for examination. The spinal cord tissues embedded in the 0.C.T. compound were cut into
twenty micron-thick coronal and horizontal sections using a Leica CM1900 cryostat for histological analysis.

Nissl staining

The tissue sections, including the injured parts (1 cm on each side of the lesion), were prepared from
the 0.C.T. embedded spinal cords and incubated with 1% cresyl violet (Nissl substance, neuron stain) for 10
minutes at 37°C. Then, the sections were dehydrated in xylene before being mounted with Neutral Balsam.
Five transverse sections from each animal were picked out and 3 vision fields randomly selected per section.
They were then photographed under 20X magnification using the Nikon TE-300 microscope.

Luxol fast blue staining

20pm thick coronal and longitudinal sections from the injured epicenter were cut by a freezing
microtome and subsequently stained using the luxol fast blue (LFB). The sections were immersed in 0.1%
LFB at 65°C overnight, washed and destained with 0.05% lithium carbonate solution for 5 minutes. This
was then followed by a graded series of ethanol and 0.5% eosin solution for 1 minute, counterstained with
0.1% cresyl violet after which they were washed again with 70% ethanol for 3 minutes and 95% ethanol for
5 minutes. Finally, the slides were hyalinized with xylene and mounted with Neutral Balsam. Images were
obtained under the digital photomicrographs at 20X magnification and analysed for demyelination areas
using NIH image software.

Immunofluorescence labeling

With regard to the immunofluorescence, each slide was washed thrice with PBS-T (0.05% Tween-20
in PBS) for 5 minutes each time. The specimens were then permeabilised, and incubated for 1hour in
blocking solutions (5% normal goat serum; 0.3% Triton X-100; 0.01 M PBS) at 37°C. Afterwards, they were
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washed 2-3 times with PBS-T for 5 minutes each time and subsequently incubated with separate antibodies
overnight at 4°C. The primary antibodies used were anti-GFAP (1:200, Cell Signaling, USA) (a marker for
astrocytes) and anti-Map-2 (1:100, Proteintech, USA) (a marker for post-mitotic neuron). The next day, the
sections were thrice washed again with PBS-T for 5 minutes and then incubated in a secondary antibody
for 2 hours at 37°C. The secondary antibody used was DyLight 488 AffiniPure rabbit anti-goat IgG (H+L)
(1:750, Earth, USA). The slides were then washed 3-5 times with PBS-T for 5 minutes. In order to determine
the proportion of PI-positive cells, the nuclei were labeled with propidium iodide (PI) and the cover marked
with Neutral Balsam. All negative control sections were incubated in PBS without primary antibodies to
further confirm the specificity of the antibodies. Five random fields of each animal were selected and the
images were visualised by use of a fluorescence microscope (Olympus BX51, NIKON, Japan).

The Statistical Analysis

Data in this report were expressed as mean *+ SD and produced using statistical software SPSS 17.0.
A level of P < 0.05 was considered statistically significant. *P < 0.05, **P < 0.01, ***P < 0.001 (Student's
t-test). All statistical tests and histograms were performed by GraphPad Prism Version 4.0 (GraphPad Prism
Software, CA).

Results

The structure of the PLGA complexes

As illustrated in Fig. 1A, the PLGA complexes prepared by the freeze-drying method
exhibited a highly porous structure with small channels parallel to its longitudinal axis, with
an average pore size of about 300-500um.

Immunofluorescence identification of the OECs

We successfully isolated the OECs from the olfactory bulbs of the anesthetised rats. The
attached cells were observed between 5 and 7 days after the initial plating. OECs under the
microscope were bipolar or multipolar in form and P75-positive cells, displayed in Fig. 1B,
had the same appearance as in a previous report [36].

Mortality rate

Surgery was performed on the 64 randomly assigned rats on successive days, with 18
rats treated with PLGA inoculated with OECs, 18 rats treated with only PLGA complex, 18
rats receiving no implantation and the remaining 10 rats being used as the sham group (with
the spinal cord exposed but left intact). A total of 56 out of the 64 rats (87.5%) were prepared
for this study. Mortality rates of the four groups (PLGA+OECs, PLGA, SCI, sham) were 11.11%
(2/18),16.67% (3/18),11.11% (2/18),and 10% (1/10) respectively as illustrated in Table1.
The underlying reasons for the loss of the rats were: surgical procedures (loss of 1 rat),
inability to recover after anesthesia (loss of 1 rat) and urinary tract infection, which resulted
in the bleeding of the bladder, as ascertained by postmortem analysis, (loss of 6 rats; 3
treated and 3 controls). The derived result demonstrated that there was statistically no
significant difference in mortality rate of treatment groups when compared to the untreated
group, which in turn means that graft rejection most likely does not occur.

Table 1. Comparison of mortality rate Groups Entire Survival Mortality Mortality rate (%)
between groups sham, SCI only, PLGA Sha 10 10 1 10.00
scaffold and OECs+PLGA scaffold
SCl only 18 16 2 o Ba B 5
PLGA scaffold 18 15 3 16.67
OECs+PLGA scaffold 18 16 2 " s o B &
Entire 64 56 8 12.5
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Fig. 1. Characteristics of PLGA scaffolds and OECs.
PLGA scaffolds were prepared by a freeze-drying
method (Fig. 1A). The transverse sections of the
PLGA scaffold show highly porous channels paral-
lel to the longitudinal axis with diameters from 300
to 500um inside the PLGA scaffold. The surface of
macroporous scaffolds was also full of many connec-
ted small pore structures with an average diameter
of about 5-10um. (Fig. 1B) Primary OEC identificati-
on using immunofluorescence based on P75 (blue-
ray excitation), the OECs exhibited bipolar or multi-
polar shapes. Scale bars: 100um.
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Fig. 2. BBB score test and Inclined-plane angles test. The behavioral assessment of the BBB scores after
SCI (Fig. 2A). The BBB scores for the sham, SCI, PLGA and PLGA+OECs groups were measured on 2nd and
8th weeks. The results showed a pronounced motor function improvement of SCI models implanted with
OECs-seeded PLGA when compared to both the PLGA and the SCI group. (Fig. 2B) The mean angle of the
PLGA +0ECs group were significantly improved on both 2nd and 8th weeks when compared to the SCI
group, and the differences of the PLGA +OECs group between 2nd weeks and 8th weeks, were statistically
significant. The data is represented as mean + SD (*P < 0.05, **P < 0.01, ***P < 0.001).

Behavioral tests

All animals had normal motor function before the SCI (BBB=21 + 0). Following the
SCI, all the animals demonstrated a sharp neurological deficit together with paraplegia of
the right leg. At the time point of 8 weeks, there was a gradual improvement in the BBB
scores of all the animals. Both the PLGA and the PLGA +0EC groups exhibited pronounced
motor function improvement when compared with the SCI group. In the 8th week post-
operation especially, as illustrated in Fig. 2A, the combined treatment group (PLGA +OECs)
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Fig. 3. Nissl staining of longitudinal and coronal sections around the damaged area. Nissl bodies loss and
survival at longitudinal (Fig. 34, 3B, 3C) and coronal (Fig. 3D, 3E, 3F) sections in the peripheral region of the
lesion. The number of surviving neurons in the PLGA+OECs group (Fig. 3C, 3F) was significantly higher than
in the PLGA group (Fig.s 3B, 3E) and the SCI (Fig. 34, 3D) group both at longitudinal (Fig. 3G) and coronal
(Fig. 3H) sections (*P < 0.05, **P < 0.01, ***P < 0.001). Scale bars: 100pm.

A C

Fig. 4. LFB staining of the longitudinal and coronal sections around the damaged area. The longitudinal (Fig.
4A, 4B, 4C) and coronal (Fig. 4D, 4E, 4F) spinal cord sections were stained with LFB and cresyl violet around
the cavity. LFB results showed the PLGA+OECs (Fig. 4C, 4F) group induced a higher lamination of axons as
compared to the PLGA(Fig. 4B, 4E) and SCI (Fig. 4A, 4D)groups. Scale bars: 100um_.

had significantly enhanced BBB scores (10.1667) when compared with the 2nd week (5.2).
The differences in scores were statistically significant (P < 0.05) at the time point of 2 weeks
and 8 weeks succeeding the operation.

In the inclined plane test, mean angles recorded in the three surgical groups were
significantly lower than the sham group (P < 0.01) post-operation, as depicted in Fig. 2B.
The documented angle for the PLGA +OECs group showed a significant improvement at the
time point of 2 weeks and 8 weeks in comparison to the SCI group (P < 0.05). More so, the
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Fig. 5. The GFAP positive astrocytes
presented in the transverse section of
spinal cord. The nuclei were stained red
with PI, the GFAP stained green and the
merged color, yellow. The expression of
GFAP in the PLGA+OECs group (Fig. 5E,
5F) was significantly lower than that of
the PLGA group (Fig.s 5C, 5D) and the
SCI group (Fig. 5A, 5B) at 2nd (A, C, E)
and 8th (B, D, F) weeks. The number of
astrocytes (Fig. 5G) was counted as a
percentage of the total PI+ nuclei in the
10 random visual fields (*P < 0.05, **P <
0.01). Scale bars: 100pum.
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differences in the recorded angle for the PLGA +OECs group between the 2nd week and 8th
week post-operation were statistically significant (P < 0.01), indicating greater functional
improvement than in the other groups.

Histological evaluation

In order to illustrate the morphological changes of the degenerated neurons, the spinal
cords of all the animals were obtained for histological evaluation on the 2nd and 8th weeks
post transplantation. Nissl staining performed is shown in Fig. 3. A significant loss of Nissl
bodies in the longitudinal (Fig. 34, 3B, 3C, 3G) and coronal (Fig. 3D, 3E, 3F, 3H) sections as
well as more degenerated neurons were indicated by sparse cell arrangements and dissolved
cyst formation coupled with condensed nuclei in the SCI group as indicated in Fig. 3G, 3H.
Furthermore, the number of surviving neurons in the PLGA+OECs (Fig. 3C, 3F) group was
markedly higher than that of the PLGA group (Fig. 3B, 3E) and the SCI group (Fig. 34, 3D) (P
< 0.05), denoted by an increased number of Nissl bodies at the injured site.

Additionally, LFB myelin staining was performed to evaluate a possible neuroprotective
effect. The sham group had a non-lesioned spinal cord. Fig. 4 illustrates the longitudinal (Fig.
4A, 4B, 4C) and coronal (Fig. 4D, 4E, 4F) spinal cord sections stained with LFB and the cresyl
violet. In the PLGA+OEC group, the LFB staining showed the graft was completely fused in
the lesion gap. Moreover, the spinal cord demyelination area in both the PLGA (Fig. 4B, 4E)
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Fig. 6. MAP-2 positive neurons
presented in the transverse sec-
tion of spinal cord. Representa-
tive images depicting MAP-2 po-
sitive neurons in the transverse
section from the SCI group (Fig.
6A, 6B), the PLGA group (Fig. 6C,
6D) and the PLGA+OECs group
(Fig. 6E, 6F) at 2nd (A, C, E) and
8th (B, D, F) weeks succeeding
SCI. The statistical analysis indi-
cated a percentage of the MAP-
2* cells in both the PLGA+0OECs
group and the PLGA group (Fig.
6G) were significantly higher

©
than the SCI group subsequent D ;
to SCI (*P<0.05,**P<0.01, ***P ;
< 0.001). Scale bars: 100um.
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and the PLGA+OEC groups was smaller than that of the SCI group. The PLGA+OEC group in
particular, had markedly less demyelination than that of the SCI group (Fig. 4A, 4D), together
with a higher axon lamination (blue spot) detected in the PLGA+OEC group when compared
to the PLGA group. The coronal section staining exhibited similar observations, in that it
displayed less demyelination areas than that of the SCI group.

Immunofluorescence analysis

GFAP is one of the markers employed in the evaluation of cell differentiation into
astrocytes. The Image Pro Plus analysis revealed that, following injury, more astrocytes were
stained GFAP around the lesion, with percentages of GFAP-positive cells in the operation
groups, i.e. the SCI group (Fig. 54, B), the PLGA group (Fig. 5C, D) and the PLGA+OECs group
(Fig. 5E, F), being conspicuously higher than that of the sham group (Fig. 5G). The positive
cells at 2 weeks (GFAP 34.7046% Fig. 5E) were higher on average than those on the 8th
week (GFAP 11.564% Fig. 5F) in the PLGA+OEC treated rats (P < 0.01). The positive cells in
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the PLGA treated group (GFAP 47.0835% Fig. 5C) at 2 weeks were also higher than those on
the 8th week (GFAP 21.3197% Fig. 5D) post-operation (P < 0.01). These findings indicate
that transplantation of OECs inoculated with PLGA complexes could inhibit differentiation
of cells into astrocytes and as such was conducive to enhancing axon regeneration when
compared to the control group.

MAP-2 immunoreactivities were observed as neuron markers in the spinal cord. The
complete transection of the spinal cord segments manifested a considerable reduction in
MAP-2 positive neurons at both 2nd (Fig. 64, 6C, 6E) and 8th (Fig. 6B, 6D, 6F) weeks post-
injury. There were significantly more MAP-2 positive cells in the spinal cord of the PLGA+OEC
(Fig. 6E, 6F) group when compared to the PLGA group (Fig. 6C, 6D) on the 2nd (P <0.01) and
8th weeks (P < 0.001) by quantitative analyses. This is illustrated in Fig. 6G. All the results
above suggest that an OEC seeded PLGA complex can protect neurons from SCI-induced
damage.

Discussion

In recent years, investigations and treatments concerning spinal cord injury have made
a major breakthrough, employing various types of cell-seeded bio-complexes in dysfunction
improvement following SCI [6-8, 40]. In this study, we transplanted PLGA complex inoculated
with OECs into the spinal cord defects in a completely transected SCI model of SD rat to
investigate the corollary of this strategy on SCI improvement. Our results illustrated that the
graft was compatible with host spinal cord tissue and as such OECs can survive in a SCI model
for at least 8 weeks post-operation. Furthermore, the results demonstrated that the PLGA
complex, which was used in this study, can provide a relatively stable microenvironment for
not only the survival but also the differentiation of the seeded OECs guiding sprouting axons
into the lesion site so as to build a bridge across the injured area through which axons can
regenerate [41].

PLGA complexes have previously been reported to, in addition to their mechanical
properties of being easily controlled and contrived into many shapes, to be both biocompatible
and biodegradable [21,42,43]. Most importantly, owing to their well-controlled degradation
rate, low toxicity as well as immunogenicity [8], PLGA complexes seem to be an expedient
complex for the adherence and growth of inoculating cells. Similarly, a number of studies
have postulated OECs to be a suitable choice for the treatment and replacement of injured
spinal cord by virtue of their multi-lineage differentiation potential coupled to a unique self-
renewal ability [23, 44, 45]. Moreover, OECs have been corroborated to promote neurite
growth by expressing a variety of nerve growth factors [46] in restoring the nerve conduction
of sensory axons [47]. For the above reasons, we employed a combination of PLGA complexes
and OECs as nerve grafts to bridge the neural gap generated by a complete transected spinal
cord injury model in adult SD rats and examined the feasibility of this new approach.

The analysis of the mortality rate in our study showing the grafting of OECs seeded with
PLGA complexes culminated no statistical significant difference when compared to the SCI
group, giving the impression that OECs and PLGA complex transplantation graft rejection
rate is low.

The behavioral test of the BBB scores indicated the rats in both the PLGA+OEC and the
PLGA groups presented significant motor function improvement when compared to those
in the SCI group. Moreover, the IP test indicated an appreciable functional improvement
subsequent to the transplantation of the OECs seeded with the PLGA complex. The differences
in scores were of statistical distinction, implying that the amalgamated employment of PLGA
complexes with OECs to a large extent improved the condition of the microenvironment
around the injured location, thereby aggrandizing the motor restoration of the hindlimbs.
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Nissl bodies are rough endoplasmic reticulum where proteins are synthesised [48],
and are widely considered to be related to the nutritional condition of neurons. In order to
observe the morphological changes of the degenerated neurons, a Nissl staining method was
utilised. The obtained results explicated a significant loss of Nissl bodies and conspicuous
cavity formation coupled with condensed nuclei in the SCI group. However, a large number
of surviving neurons in the PLGA+OEC group were detected at the time point of the 8th
week when compared to both the SCI as well as the PLGA groups. Additionally, segments
were stained for myelin with LFB to examine a possible effect of our incorporated treatment
in demyelination. The derived results demonstrated less demyelination area and a marked
remyelination around the cavity in both the coronal and the longitudinal sectional stainings
of the PLGA+OEC group. The failure of axon regeneration in PLGA group and SCI group was
probably due to the poor CNS regeneration ability together with a comparative inhibitory
environment comprising of chondroitin sulfate proteoglycans and glial scarring around the
lesion site [49].

Immunofluorescence analysis showed that OECs survived the graft and were scattered
within the native spinal cord, thereby insinuating the ability of OECs to migrate. This
may be essential for neural regeneration and re-ensheathment in the wake of SCI [50].
However, the underlying mechanisms leading to the regulation of the OECs migration
remains elusive, further research into this is vital to further elucidate the viability of this
as a SCI treatment. A significant hindrance to nerve regeneration, is glial scar formation,
however the exact mechanism of scar formation has not been extensively elucidated [51],
this should also be clarified to further potentiate the development of the treatment . An
antecedent study had been conducted to substantiate GFAP as a specific cellular marker for
differentiated astrocytes, which also happen to be the main components of the glial scar.
The increased expression of GFAP in the neural cells encompassing the lesion area was a
distinct morphological metamorphoses in the process of the glial scar formation [52].
Reactive astrocytes have been reported to engender a normal functional loss along with
pathological effects that may feature prominently in a variety of disease processes [53]. In
the immunofluorescence staining with GFAP, there was evidence of astrocytes being activated
and proliferated beneath the lesion site and subsequently migrating into the wounded site.
This in turn developed a distance from the lesion site to form a scar [54]. The transplantation
of OECs-seeded PLGA complex was able to restrain the cell differentiation into astrocytes
along with its conduciveness to extend axon regeneration when compared to the control
group. MAP-2 immunostaining analysis was performed so as to be able to evaluate the
effect of the treatment on neurite outgrowth. A strong correlation, as postulated by other
research studies, is thought to exist between neurite formation and the expression of the
MAP-2 [55]. Our findings explicated that transplantation of a OEC inoculated PLGA complex
into the injured area substantially up-regulated MAP-2 expression when compared to the
untreated group, thus corroborating the use this complex as a neurite outgrowth promoter.
In addition, our study bespoke the neuronal plasticity of the effector protein, MAP-2, with
preceding investigations also surmising the modification of the cytoskeleton dynamics to
play an important role in the synaptic plasticity [56]. In general, MAP-2 plays a central role
in these processes.

In summary, this report has demonstrated that PLGA complexes inoculated with OECs
improve locomotor functional recoveryina complete transected spinal cord injured rat model,
whichis mostlikely due to the factitis conducive to a relatively benevolent microenvironment,
has nerve protective effects, as well as the ability to enhance remyelination, via a promotion
of cell differentiation and inhibition of astrocyte formation. In view of this, we declare
that our study indicates OEC inoculated PLGA to be a promising candidate for future SCI.
Notwithstanding, there were some limitations to this study. As, to the best of our knowledge,
this is novel approach for the treatment of SCI, more research needs to be done into the
molecular mechanisms underlying the reestablishment of the nerve fibers following the
application of this treatment method. More so, the side effects associated with this treatment
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must be further investigated, particularly the long term ones, as must a comparison of the

effec

tiveness of this treatment in similitude with others currently being researched for SCI.
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