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Background. The injuries associated with the spinal cord, including trauma, tumor, or disease, may lead irreparable damage leading
to limited or loss of mobility, paralysis, and in extreme cases may loss senses. Methylprednisolone (MP) is often used to treat
acute spinal cord injuries but suffers with high dose toxicity. The local administration of MP can overcome the neurological
deficits associated with its high-dose systemic administration. Method. In the present study, we have designed a targeted
delivery system hyaluronic acid- (HA-) coated polyethylenimine- (PEI-) modified poly lactic-co-glycolic acid (PLGA)
nanoparticles (HA-MP-PEI-PLGA) for the localized delivery of MP. The PEI-modified PLGA (PEI-PLGA) nanoparticles were
prepared and coated electrostatically by HA. The particles were well characterized using DLS and SEM analysis. The efficacy of
the particles was compared with unmodified MP-PEI-PLGA nanoparticles in an in vitro and in vivo model. Results. The
synthesis of PEI-PLGA was confirmed using FTIR. The HA-MP-PEI-PLGA and MP-PEI-PLGA were of size 163 ± 13 nm and
124 ± 9 nm, respectively. The major difference was observed in zeta potential of the nanoparticles where the charge reversal was
observed, which was +22.6mV and -12.9mV, respectively, for MP-PEI-PLGA and HA-MP-PEI-PLGA. The percentage
encapsulation efficiencies (EE) were calculated to be 71:4 ± 3:76 and 65:4 ± 4:71. The synthesized nanoparticles showed the
sustained release of MP which significantly reduced the proinflammatory cytokines and the lesion in HA-MP-PEI-PLGA-
treated rats and enhanced the growth of axons and blood vessels; also, it reduced the production of nitric oxide. Conclusion. The
results revealed that local administration of HA-MP-PEI-PLGA enhances their efficiency for effective treatment of spinal cord
injury (SCI).

1. Introduction

The impairment to central nervous system (CNS), i.e., the
brain and the spinal cord, associated with trauma, tumor,
or disease, may cause severe neurological injuries with irrep-
arable nervous system such as limited mobility, paralysis, and
in extreme cases may loss senses [1, 2]. In recent years CNS
injuries and diseases are one of the most challenging con-
cerns of scientist and physicians [3]. The deterioration in
the functioning of CNS has adverse impact on life quality
and results in degeneration of cells and death [4]. Hence, it
is needed to apply various approaches to regenerate cells, tis-
sues, and organs and restore the normal functioning of CNS
[5, 6]. The previous knowledge of the pathology and physiol-
ogy of CNS injuries shows that there are some factors which

affect CNS like the failure in proliferation ability of adult neu-
rons [7], glial scars formation [8], and inhibitory molecules
presence and absenteeism of neurotrophic factors [9].

In order to cure these injuries especially spinal cord
injury (SCI), various therapeutic drugs including methyl-
prednisolone (MP) are commonly studied and used as thera-
peutic drug to treat acute spinal cord injuries [10–12]. MP is
the only drug, which has shown to provide benefit in practice
currently after spinal cord injury. It has been several decades
for MP to be considered to reduce lipid peroxidation trig-
gered as secondary damage following spinal cord injury.
National Acute Spinal Cord Injury Studies trial II (NASCIS
II) has also justified the use of MP. It has also been found that
after spinal cord injury, the high dose of MP administered
systemically could also reduce the loss of the human
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neurological deficits. Although the exact mechanism of MP is
still a question mark, physicians believe that the foremost
therapeutic effect after the spinal cord injury relates with lipid
peroxidation inhibition and inflammatory retort of MP [13].
Besides these advantages, the high dose in acute spinal cord
injury may result in serious side effects, including sepsis,
gastric bleeding, wound infection, and pneumonia [14]. Up
to now, there is no effective therapy at clinical level for CNS
injuries, although the cell therapy and methylprednisolone
treatment are in practice, but both failed to achieve complete
recovery as they do not overcome all the inhibitory factors.
Hence, there is utmost need to design a multifaceted
approach to overcome all the inhibitory factors.

A potential revolution of the era in development of novel
and diverse therapeutic modalities along diagnostic kit is
nanotechnology [15]. Although nanotechnology in spine
surgery is still in its early stages, there are vast majority of
nanoparticles (NPs) for SCI range from novel spherical
molecules to linear polymers [16]. Due to less toxic effect of
polymer NPs toward CNS, they are attractive candidate in
spinal cord injuries. Various synthetic polymers such as poly
(d, l-lactic-co-glycolic acid) PLGA, poly (methyl methacry-
late), and poly-l-lactic acid (PLLA) have been designed for
SCI models [17]. Among all these, PLGA is approved by
EMA and FDA in various drug delivery systems [18]. Kim
et al. utilize the nanocarrier-mediated site-targeted delivery
of MP at the injured spinal cord in order to minimize
the side effects of systemic high-dose perfusion [19].
Zhang and his team fabricated gold nanoparticles; these
NPs were loaded with zonisamide as a novel drug delivery
system for the treatment of acute spinal cord injury [20].
MP-loaded nanoparticle-gel system showed very similar
results with systemic high dose of MP [21]. Nanocarriers
having MP have revealed an effective method for introducing
MP locally after SCI and significantly enhance therapeutic
effectiveness compared to bare MP administered either
systemically or locally [22]. To overcome the side effect and
enhance the active targeting of MP, we have designed a
hyaluronic acid- (HA-) coated polyethylenimine- (PEI-)
modified poly lactic-co-glycolic acid (PLGA) nanoparticles
(HA-MP-PEI-PLGA) for the localized delivery of MP. Pre-
viously, the HA-PEI-PLGA has been successfully synthe-
sized and has been employed for the chemotherapy [23].
The attractive benefits of HA-PEI-PLGA provoked us to
exploit the modified polymer for the local delivery of MP.
The result echoed that as compared to previous investigation,
the high-dose toxicity is reduced. The sustained release of
MP was observed for over 4 days. The bioactivity results ech-
oed that HA-MP-PEI-PLGA significantly reduces the NO
production.

2. Materials and Methods

2.1. Synthesis of PEI-Modified PLGA (PEI-PLGA). To syn-
thesize PEI-PLGA, 0.5mM of PLGA (50 : 50, Shandong
Institute of Medical Instrument, Shandong, China) was
modified with 0.7mM of PEI. The carboxylic group of
PLGA was first activated overnight using DCC (1.5mmol)
and DMAP (1.5mmol) in the presence of anhydrous

dimethylsulfoxide (DMSO). Subsequently, PEI was added,
and the reaction was carried out for 18 h. The by-product
dicyclohexylurea was removed by filtration. The purified
PEI-PLGA was obtained by overnight dialyzing against
DMSO and water. The formation of PEI-PLGA was con-
firmed using Fourier Transform Infrared Spectroscopy
(FTIR) spectra.

2.2. Preparation of MP-Loaded PEI-PLGA Nanoparticles.MP
of molecular weight 374.5 was supplied from Sangon Biotech,
Shanghai, China. MP was a white, odorless, crystalline pow-
der and was insoluble in water. Therefore, the preparation
of MP-loaded PEI-PLGA nanoparticles (MP-PEI-PLGA)
was accomplished by dissolving 10mg of PEI-PLGA along
with 1mg of MP in DMSO, and the ultrasound was applied
for 30 sec as described elsewhere [23]. Further, the mixture
thus obtained was dialyzed against 0.05% trimethylamine
containing PBS using 3,500Da dialysis membranes for
overnight. Subsequently, the mixture was further dialyzed
against PBS having pH7.4 for another 4 h to finally obtain
MP-PEI-PLGA. HA coating to the MP-PEI-PLGA was
achieved by electrostatic interaction. The HA solution was
prepared in PBS having 2mg/mL of concentration, and the
MP-PEI-PLGA was added in a ratio of 1 : 1 with slight stir-
ring. Finally, HA-coated MP-PEI-PLGA (HA-MP-PEI-
PLGA) was obtained by centrifugation and was washed to
remove any free HA. The HA-MP-PEI-PLGA was stored at
4°C till further use.

2.3. Characterization. The HA-MP-PEI-PLGA and MP-PEI-
PLGA were characterized for their particle size and poly dis-
persity index (PDI) using a dynamic light spectroscopy
method by Malvern Zeta sizer at ambient temperature. The
zeta potential was also measured using same Malvern Instru-
ment. The surface morphology of HA-MP-PEI-PLGA was
further confirmed by scanning electron microscopy (SEM,
Carl Zeiss Microscopy Gmbh 73447 Oberkochen, Germany)
and transmission electron microscopy (TEM; TECNAIG220,
Philips, Eindhoven, the Netherlands) which was achieved by
using. The particles were mounted on an aluminum stub and
processed by the coating of gold-palladium (Au/Pd) for 30 s
before SEM imaging. The TEM was operated at an accelerat-
ing voltage of 200 kV [24]. The samples were prepared by
dropping 15μL of 0.25mg/mL nanoparticle suspension on
the copper grid followed by staining with 1wt.% phospho-
tungstic acid. Further, the encapsulation efficiency of MP
was evaluated using UV spectroscopy at 247nm.

2.4. In Vitro Drug Release Profiles. To study the release of MP,
we prepared the agarose gel using 0.5% (w/v) agar in
phosphate-buffered saline (PBS) mix with 1mg of HA-MP-
PEI-PLGA or MP-PEI-PLGA containing approximately
70μg of MP. Further, the agarose gel was embedded in PBS
having pH7.4 maintained at 37°C. The sample was with-
drawn at predetermined time intervals, and the amount of
MP was quantified using UV spectroscopy at 247nm.

2.5. In Vitro Cell Cytotoxicity and Cell Uptake. The macro-
phages cell lines RAW 264.7 were cultured in a T-75 flask
and were nourished with RPMI medium containing 10%
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FBS and 1% antibiotic solution. The cells were incubated in
an incubator maintained at 37°C with 5% CO2. The cells were
plated according to the experimental need when they were
75% confluence.

The cell cytotoxicity caused by the HA-MP-PEI-PLGA or
MP-PEI-PLGA was evaluated using standard MTT assay. 5
× 103 RAW 264.7 cells were plated in 96-well plate, and after
overnight incubation, the medium was replaced with a fresh
medium containing plain MP, MP-PEI-PLGA, and HA-MP-
PEI-PLGA having 100-400μg/mL equivalent dose of MP.
The treatment was aborted at 24 h, and 100μL of 5mg/mL
of MTT solution was added, and the cells were further incu-
bated at 37°C for 4 h. Subsequent to this, 100μL of DMSO
was added, and the absorbance was measured at 560 nm
using a microplate reader [12].

The cell uptake studies were conducted by using fluores-
cence tagged HA-MP-PEI-PLGA or MP-PEI-PLGA. The
fluorescence tagged HA-MP-PEI-PLGA or MP-PEI-PLGA
were fabricated by incubating them with FITC solution in
dark for overnight. The free FITC was removed by several
washing, and the NPs were collected by centrifuge. These
FITC-tagged NPs were incubated at 37°C with RAW 264.7
cells which were plated at a density of 1 × 106 cells in a glass
bottom dish 24 h before the experiment. After 4 h of treat-
ment, the particles which were not engulfed by the cells were
removed by washing them with PBS. The nucleus was stained
with 1μg/mL of DAPI. The cell uptake of FITC-tagged HA-
MP-PEI-PLGA or MP-PEI-PLGA was observed using confo-
cal fluorescence microscope [25].

2.6. In Vivo Administration of HA-MP-PEI-PLGA. The
animal experiment was conducted after obtaining the
approval of animal experiment protocol from the univer-
sity local animal ethical committee (protocol number:
AETHT-2018-215). The effect of HA-MP-PEI-PLGA or
MP-PEI-PLGA formulation on SCI was analyzed by using
a transverse section of the injured spinal cord [12]. Initially,
the rats were randomly divided into 4 groups (n = 6). All sur-
gical and mechanical testing procedures was carried out
under anesthesia with continuous inhalation of isoflurane
(1.5–3%). The vertebral column faces upside and surgical
microscope was used for T-9 laminectomy. To obtain SCI
model, approximately 2mm section of spinal cord was
removed after opening the dura matter. The sham surgery
was applied for the first group (control). However, solutions
of MP, MP-PEI-PLGA, and HA-MP-PEI-PLGA were used
for second, third, and fourth group, respectively. Finally,
the rats were sutured by 10-0 sterilized suture, and the skin
was closed. The animal’s behavior was observed every other
day. At the end of study, all the animals were sacrificed,
and their histological changes were analyzed by H&E stain-
ing. Meanwhile, the inflammatory cytokine level was also
estimated.

2.7. Estimation of Inflammatory Cytokines. To estimate the
inflammatory cytokine level, three rats were randomly
selected from each group, and ELISA was performed.
~1mm of caudal and rostral slice of injured spinal cord was
harvested. These analyses were carried out to quantify the

level of TNF-α and IL-1β inflammatory mediators in each
group. The harvested tissues were homogenized in PB buffer
and sonicated for 20 sec in ice; the sample were kept at 4°C for
2 h for further studies. Finally, the concentration of proteins
was analyzed by using ELISA protein assay kit.

2.8. Histopathological Analysis. At the end of the study, the
rats were sacrificed by using CO2. The vertebral column
was opened and perfused with 4% paraformaldehyde in
PBS. ~3 cm slice of spinal cord at injured and implanted sites
was dissected. Moreover, other vital organs (heart, liver,
spleen, and kidney) were removed and fixed by fixative at
4°C for 6 h. The paraformaldehyde solution (10%) was used
for sample storage. The samples were placed at cutting tem-
perature and 10μm sections of each sample were cut with
the help of cryostat. The obtained section was stained by
H&E dye and analyzed under microscope [12]. The results
were analyzed based on hemorrhage, neuronal vacuolation,
and inflammatory cell infiltration.

2.9. Production of NO. The rat pubs were obtained to harvest
the microglia from them according to the preestablished pro-
tocol [26]. Further, to study the bioactivity of developed HA-
MP-PEI-PLGA or MP-PEI-PLGA, the production of nitric
oxide was quantified after the incubation nanoparticles with
lipopolysaccharide- (LPS-) stimulated primary rat microglia.
Briefly, microglia were cocultured with 5mg of HA-MP-PEI-
PLGA or MP-PEI-PLGA embedded in 0.5% of agarose gel.
The production of NO was further stimulated by LPS and
the amount of NO was measured using Griess Reagent at
days 1, 2, and 3 [27].

3. Results

3.1. Preparation and Characterization of PEI-PLGA. We
started with the synthesis of copolymer; PEI modified PLGA
(PEI-PLGA) via a coupling reaction as shown in Figure 1.
First, DMAP/DCC was used for activation of carboxylic
group present in PLGA, which was then reacted with
hydroxyl group present in PEI. The by-product 1,3-dicyclo-
hexylurea formed during the reaction was separated out
through filtration, and the unreacted residue was removed
by dialysis. The final product was collected by precipitation
using diethyl ether. The PEI-PLGA thus formed was of
pale-yellow color which was dried and further used for prep-
aration of nanoparticles. The formation of PEI-PLGA was
confirmed by using FTIR as shown in Figure 2. The FTIR
spectra revealed the characteristic C=O peak of PLGA at
1657 cm-1 which was shifted and was observed at 1715 cm-1

for C=O peak of PEI-PLGA. The -OH group of PEI, PLGA,
and PEI-PLGA was observed at 3412 cm-1, 3390 cm-1, and
3367 cm-1.

3.2. HA-MP-PEI-PLGA and MP-PEI-PLGA Development
and Characterization. The MP-PEI-PLGA nanoparticles
were prepared first by ultrasonication method. MP was
encapsulated in MP-PEI-PLGA during the self-assembly cre-
ating a micelle-like structures, where MP might be loaded in
the core of MP-PEI-PLGA. Moreover, to offer specific prop-
erties, the MP-PEI-PLGA was further modified by coating
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HA over it using electrostatic interaction. The amount of
HA was optimized for the coating over MP-PEI-PLGA.
The hydrodynamic diameter of HA-MP-PEI-PLGA and
MP-PEI-PLGA evaluates using Malvern zetasizer was 163
± 13 nm and 124 ± 9 nm, respectively. The size of HA-MP-
PEI-PLGA was found to be greater than MP-PEI-PLGA
which suggests that HA has been successfully coated over
MP-PEI-PLGA. The coating was further confirmed when

the major difference in the surface charge of the MP-
PEI-PLGA and HA-MP-PEI-PLGA was determined. The
significant charge reversal was observed, which was
+22.6mV and -12.9mV, respectively, for MP-PEI-PLGA
and HA-MP-PEI-PLGA. The surface morphology of the
developed HA-MP-PEI-PLGA was confirmed using SEM
and TEM. The results obtained for hydrodynamic size dis-
tribution, SEM, and TEM revealed the consistent size of
HA-MP-PEI-PLGA. Figure 3(a) reveals the hydrodynamic
size distribution of HA-MP-PEI-PLGA determined by
zetasizer. Figure 3(b) represents the TEM and SEM mor-
phology of HA-MP-PEI-PLGA revealing well-defined
monodispersed spherical HA-MP-PEI-PLGA. The percent-
age encapsulation efficiency (EE) measure through UV
spectroscopy was found to be 71:4 ± 3:76 and 65:4 ± 4:71
for MP-PEI-PLGA and HA-MP-PEI-PLGA, respectively.
The amount of MP was higher in MP-PEI-PLGA, then
HA-MP-PEI-PLGA. The drug loss might be attributed to
the washing steps involved in the process of coating of
MP-PEI-PLGA with HA. The characterization has been
summarized in Table 1.

3.3. In Vitro Release. The drug release from MP-PEI-PLGA
and HA-MP-PEI-PLGA was evaluated in the medium simu-
lated to be in the spinal cord localized delivery. It was
observed that the complete release of MP was achieved over
a period of 4 days. However, the comparative slow release
from HA-MP-PEI-PLGA could be attributed to the coating
of HA in HA-MP-PEI-PLGA. The results have been illus-
trated in Figure 4.
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Figure 1: Schematic representation of synthesis of PEI-PLGA copolymer by the coupling reaction.
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3.4. In Vitro Cell Cytotoxicity. The cell cytotoxicity caused
by free MP, MP-PEI-PLGA, and HA-MP-PEI-PLGA was
evaluated to verify the biocompatibility of the nanocar-
riers. The results of RAW 264.7 cells treated with different
equivalent concentration of MP present in free MP, MP-
PEI-PLGA, and HA-MP-PEI-PLGA were illustrated in
Figure 5. The cell viability was observed to be more than

90% at 100-400μg/mL concentrations. The results suggest
that MP-PEI-PLGA and HA-MP-PEI-PLGA were biocom-
patible and were suitable for in vivo delivery.

3.5. Intracellular Uptake. The ability of MP-PEI-PLGA and
HA-MP-PEI-PLGA to get engulfed by the macrophage cell
lines were evaluated using confocal microscope. FITC-
labelled MP-PEI-PLGA and HA-MP-PEI-PLGA were incu-
bated with RAW 264.7 cells, and the nucleus of the cells
was stained with DAPI. As shown in Figure 6, the confocal
results clearly revealed that MP-PEI-PLGA and HA-MP-
PEI-PLGA both were internalized by the cells. However,
the uptake of HA-MP-PEI-PLGA was higher than MP-PEI-
PLG. The results might be attributed to the receptor-
mediated endocytosis of HA-MP-PEI-PLGA.

3.6. Level of Cytokines in Different Groups of Animals. The
ELISA-based analysis depicted that as compared to control
group, a significant alleviation in the level of TNF-α and IL-
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Table 1: Characterization of HA-MP-PEI-PLGA and MP-PEI-
PLGA.

Sl.
no.

Formulation
Size
(nm)

Zeta-potential
(mV)

%
entrapment
efficiency

1
HA-MP-PEI-

PLGA
163 ± 13 -12.9mV 65:4 ± 4:71

2 MP-PEI-PLGA 124 ± 9 +22.6mV 71:4 ± 3:76
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Figure 4: In vitro release profile of MP from free MP, MP-PEI-
PLGA, and HA-MP-PEI-PLGA at 37°C.
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1β was observed in MP, MP-PEI-PLGA, and HA-MP-PEI-
PLGA groups (Figure 7). The alleviation might be due to
effective anti-inflammatory response of MP. Moreover,
further analysis performed for MP, MP-PEI-PLGA, and
HA-MP-PEI-PLGA group result suggested an alleviation
in the level of cytokines was more significant for HA-
MP-PEI-PLGA group due to its slow release property.
These values are nonsignificantly differing when compared
to that of SCI control.

3.7. Histopathological Modifications. All the rats were sacri-
ficed at the end of study for the histopathological analysis,

and it was observed that control untreated group shows
intense hemorrhage, inflammatory cell infiltration, and
larger pseudocyst. Interestingly, as compared to MP-PEI-
PLGA group, HA-MP-PEI-PLGA show reestablishment of
spinal cord (Figure 8). This might be due to rheological char-
acteristic of HA-MP-PEI-PLGA group which allows the for-
mulation to stay at injured site for long time and slow release.
A clear reduction in hemorrhage, inflammatory cell infiltra-
tion, and pseudocyst volume was observed. These findings
show that as compared to control, MP, and MP-PEI-PLGA
groups, HA-MP-PEI-PLGA shows more efficiency in SCI.

3.8. Production of NO.MP for the treatment of acute SCI has
been reported to be associated with high risk of adverse effect
at high dose when administered intravenously. Therefore, we
developed a sustained released HA-MP-PEI-PLGA for local
delivery at SPI. This could overcome the high-dose associated
toxicity during systemic administration and could provide
sufficient dosing at the particular site [28]. Further, the bioac-
tivity of developed MP-PEI-PLGA and HA-MP-PEI-PLGA
was evaluated based on the inhibition of NO production. It
was observed that the HA-MP-PEI-PLGA significantly
inhibit the NO production compared with MP-PEI-PLGA
in an LPS-stimulated reactive primary rat pup-derived
microglia as shown in Figure 9.

4. Discussion

Trauma to columns of spine leads to neurological alterations
further resulting in altered function of sensory and motor.
SCI patients are more likely to expire in early age despite
proper care. The pathological events associated with SCI
are still not completely understood; therefore, the treatment
strategies are also limited [12]. MP has been used for more
than three decades to limit the secondary damage triggered
by peroxidation of lipids. It also reduces the TNF-α at the site
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Figure 6: Cell uptake of FITC tagged MP-PEI-PLGA and HA-MP-PEI-PLGA after 4 h incubation with RAW 264.7. The green fluorescence
was due to FITC where blue fluorescence is emerging from DAPI.
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of injury. In acute SCI, the systemic administration of MP is
generally associated with its high-dose toxicity. It has been
reported that local delivery of MP-laden nanoparticles could
significantly reduce its toxicity with behavioral improvement
and reduction in lesion volume [21, 22]. To overcome this
limitation, we have successfully modified PLGA using PEI
using a simple coupling reaction. The PLGA possesses car-
boxyl terminal which was activated using DMAP, and further
esterification with liner PEI was carried out. This results in an
amphiphilic diblock copolymer; however, the use of liner PEI
prevents the formation of triblock polymer. The formation of

copolymer was characterized using FTIR. The hydrophobic
properties of PLGA and hydrophilic nature of PEI results in
a micelle-like structure in presence of aqueous medium. This
property was used to encapsulate MP during the formation of
self-assembled micelle formation of PEI-PLGA NPs. The NP
formation was assisted by ultrasound. The PEI attachment
with the PLGA provides the cationic charge to the polymer,
which was further used to electrostatically bind HA on the
surface of NPs developed using diblock copolymer encapsu-
lating MP. The TEM analysis confirms the presence of HA
on PEI-PLGA-NPs having an average particle size of 163 ±
13 nm. The coating of HA on the surface of PEI-PLGA
results in negative charge particles (-12.9mV) which reduces
the potential toxicity caused using cationic NPs. The HA-
MP-PEI-PLGA releases MP in a slightly sustained manner
than MP-PEI-PLGA attributed to the presence of HA on
the surface of NPs. Also, the HA enhanced the selectivity of
HA-MP-PEI-PLGA towards the RAW 264.7 cells. The
presence of HA on HA-MP-PEI-PLGA significantly increase
the active intracellular uptake of NPs in the cells which is
generally mediated by CD44 receptors. This significantly
higher internalization of HA-MP-PEI-PLGA was verified
with the significantly higher fluorescence observed using
confocal fluorescence microscope. TNF-α and IL-1β levels
in SCI rats treated with HA-MP-PEI-PLGA were signifi-
cantly improved, in comparison with other treated groups
might be attributed to the targeted local delivery of the MP.
Sustained release of MP at the targeted site significantly
reduced the lesion in HA-MP-PEI-PLGA-treated rats and
enhanced the growth of axons and blood vessels. The results
obtained clearly indicate that sustained and local release of
MP from HA-MP-PEI-PLGA could significantly increase
the availability of MP at the site of injury and significantly
reduces the SCI markers such as production of NO and
therefore could be used for the treatment of SCI.
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5. Conclusion

In the present study, we report the development of MP
encapsulated in core of MP-PEI-PLGA nanoparticles which
was further coated with HA to provide specific properties
to HA-MP-PEI-PLGA. MP could be released in a sustained
manner during the local delivery at the injured spinal cord.
The advantage of local delivery could overcome the high-
dose toxicity-related systemic administration of MP. The
sustained release of MP was observed for over 4 days. The
bioactivity results showed that HA-MP-PEI-PLGA signifi-
cantly reduces the NO production.
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