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ABSTRACT
Introduction: Spinal cord injury is a neuro-damage occurring from a complete or incomplete,
traumatic or non-traumatic that results to degeneration, structural, biochemical, and physiological
changes of tissue. Subventricular Zone (SVZ) is a neurogenic region where stem cells produced
the immature neuroblast that can be transported to the olfactory bulb and differentiate into
interneurons and oligodendrocytes. Extracellular vesicles (EVs) are tiny lipid membrane bilayer
vesicles secreted by different type of cells; they have an important physiological role to play in
cell-cell communication, the application of EVs was very productive in neuro-protection,
increasing successful brain remodeling, functional recovery. Objective: The aims of this research
is to determine the effect of EVs on histological changes occurring as a result of spinal cord injury
(SCI) on rats. Methods: The rats were allocated in to three groups: Sham group: Laminectomy
without SCI (8 rats); SCI without treatment group: With SCI but no any treatment (8 rats); SCI +
EVS group: SCI treated with dose of extracellular vesicles derived from SVZ (8 rats). Spinal cord
injury was formed through weight compression method. Spinal cord was harvested on the
epicenter of the injury, it was processed and stained by H &E and Cresyl violet staining techniques.
Results: An injury was formed on the spinal cord, through observation of black dot on the injured
area. H & E and cresyl violet staining shows much recovery of neural cells in EVs group compared
to SCI group. Conclusion: It was concluded that EVs can pass freely through CSF into the injured
area and make recovery
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INTRODUCTION

different complications such as quadriplegia
and paraplegia (9). Secondary injury is the
complex damage that occurred at a cellular
level because of series mechanisms of
pathophysiology stages involved which
include excitotoxicity,
oxidative stress,
electrolytes
imbalance,
ischemia,
inflammation, and massive cell death due to
immune response to injury (7). Secondary
injury starts with depolarization and voltagedepended opening of sodium, potassium and
calcium ion channels. Overload of calcium
ion result to mitochondrial malfunction and
activation of phospholipase A2 and
cytoplasmic nitric oxide synthase which
leads to microvascular disruption and
ischemia (10). Damages and blood capillaries
produce toxic chemicals such as glutamate
that affect nearby cells in a very disrupted
process known as excitotoxicity (8). In many
cases secondary injury is known as a result of
microvascular damages, demyelination,
electrolyte
imbalances,
edema,
excitotoxicity, free radical production,
neuroinflammation and cellular death(10).
These processes results to different clinical
complication such as cardiovascular diseases,
respiratory and urinary tract dysfunctions and
can results up to a maximum of 16.7% of
morbidity and mortality(10).
Subventricular Zone (SVZ) is the largest
neurogenic area in which stem cells produced
the immature neuroblast that can be carried to
the olfactory bulb and differentiate into
interneurons
(11),
and
many
oligodendrocytes (12). In the human central
nervous system (CNS), neural stem cell
occurred in the SVZ of the lateral ventricles
and dentate gyrus (DG) of the hippocampus.
In vitro, neural/precausor cells (NPCs)
differentiates and produce neurospheres, that
are self-renewing and multipotent, also can
be differentiated into neurons, astrocytes and
oligodendrocytes (13). Different studies
documented that the cells from SVZ can

Spinal cord injury (SCI) is an incomplete or
complete spinal cord motor, sensory,
sphincter and autonomic dysfunctions a
result of extreme attack on spinal cord, which
is highly destructive disease in orthopedics
and formed a significant physiological
psychological damage to individuals (1). In
some countries, SCI prevalence ratio is 20 to
40 per million populations (2). There are
many causes of SCI that include traffic
accidents (45.4%), falls (16%) and sport
injuries (16.3%) (3). It was documented that
final neurological damage of SCI is due to
two ways that are primary injury and
secondary injury. SCI is a very serious
trauma that happens as a result of traumatic
or non-traumatic damages depending on the
origin of the injury and result to motor and
sensory damages (4). SCI can bring different
serious problems in some cases can even
leads death due to its pathophysiology as well
as lack of appropriate care and treatment (5,
6).
Primary injury occur as a result of the direct
compression and contusion of the spinal cord
via fracture and displaced bone fragments
and disc material due to fracture-dislocation
or burst fracture of the spine (7). The axons
and nerves are disrupted and damaged neural
cell membranes are ruptured. Blood vessels
will be injured then micro hemorrhage will
occur in the center of grey matter that spread
out axially and radially and form spinal cord
swelling and secondary ischemia (8).
Ischemia, change ion balance and production
of toxins from the disrupted neural
membranes stimulate the secondary injury
that increases the SCI (8). Primary injury
occurred immediately after short period of
time of the injury, damaged neurons,
hemorrhage of endothelial tissues and
necrosis appeared mostly in the gray matter
of the spinal cord. These changes formed
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safely and efficiently remove as a biopsy
expand the resulting precursor cells in culture
for the aim of autologous transplantation into
the damaged CNS of same individual donor
(14). It was revealed that there is possibility
through the transplantation of NPCs on to
SCI will restore neurological function
through direct cell replacement or
remyelination of affected axons (15). It will
also result to other tissue healing mechanisms
such as tissue regeneration, promotion of
neuroprotection,
as
well
as
immunomodulation (16).

described by Azari et. al., (18). After passage
3 (85 % confluence) conditions medium was
harvested every 72hrs. Briefly four
centrifugation steps were carried out, the
cells debris were collected through 3000 g for
10min and 20,000 g for 30min.
Ultracentrifugation was then carried out at
110,000 g for 120min, and then the resulted
plates were washed with PBS and ultracentrifuged again. Final pellets were resuspended in PBS.
Animal housing and groups
This study was carried out on 40 males
Wistar rats (12 weeks old) weighing 250 to
300 g (Pasteur, Iran). The animals were
housed in cages with ad libitum accessed to
water and standard food for three days under
controlled temperature with the light and
dark cycle (12h for each) as described by
Azari et. al., (18). The animals were handled
in accordance with the guidelines of Iranian
animal ethics society, Tehran University of
Medical Sciences rules (19). The rats were
allocated to three groups: Sham group:
Laminectomy without SCI (8 rats); SCI
without treatment group: With SCI but no
any treatment (8 rats); SCI + EVS group: SCI
treated with dose of extracellular vesicles
derived from SVZ (8 rats).

MATERIAL AND METHODS
Harvesting Extracellular vesicle from
Subventricular Zone
Neural stem cells were isolated from SVZ as
previously described by Aligholi et. al., (17).
Adult rats were deeply anesthetized with
ketamine (80 mg/kg, i.p.) and xylazine (10
mg/kg, i.p.), and SVZ were dissected under
sterile condition. The specimen was
dissociated mechanically by cutting it into
smaller pieces by surgical knife and
enzymatically by adding 500 μL of 0.02%
Trypsin/EDTA for 10 min at 37oC. Trypsin
was then inhibited by adding 500 μL of
trypsin inhibitor. The dissociated cells were
plated in Dulbecco’s modified Eagle’s
medium/F12 containing 1% N2 supplement,
3% B27 supplement, 2 μg/ml heparin, 1%
penicillin/streptomycin, 1% glutamax, 10
μg/ml basic fibroblast growth factor and 20
μg/ml epidermal growth factor were
incubated at 37OC at 5% CO2. The medium
was changed every 3 days. The cells were
grown during the primary culture as freefloating clusters (neurospheres). The spheres
were passaged by mechanical and enzymatic
dissociation every 5 days and re-plated into
fresh growth medium. The total number of
viable cells was determined before each
passage by trypan blue exclusion as

Spinal Cord Injury
Spinal cord injury was formed through
weight compression method; the animals
were anesthetized by injection of ketamine
(80 mg/kg) and xylazine (10 mg/kg),
intraperitoneally (IP), and the unconscious
reflex test was carried out for the
confirmation of narcosis by severe pinch. The
surgical area was shaved; and then the rats
were placed on the stereotactic frame.
Laminectomy was performed at T10 vertebra
by fine Rongeur tool; briefly, the Dura mater
was maintained intact during the
laminectomy, and spinal cord was then
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36- 37 ̊C, the 3-0 Black Silk was used for the
suturing of the skin as described by
Farahabadi et. al.(19). To prevent
dehydration after the injury, 1ml ringer
solution was injected IP to each rat. Upon
awakening, the rats were neurologically
evaluated and monitored for food and water
uptake and urine output for 72h.

compressed using 50 g weight for 5 min using
a rectangular plate, which was longitudinally
oriented over the spinal cord; the area of plate
was about 11.0 mm2 (2.2×5.0 mm) with a
concave shape to ensure equal distribution of
the pressure on the spinal cord tissue. The
rats’ body temperature during the surgery
were checked and controlled in the range of

Figure 1A: shows making SCI by weight compression around incised T10 vertebra.
Figure 1B: Shows SCI on the spinal cord, yellow arrow showing black spot confirming SCI
model.

Figure 2A: Shows the sutured area after the surgery.
Figure 2B: Shows SCI tissue removed with vertebrate, yellow arrow showing a black spot of
SCI model.

Injection of EVs
The animal was anesthetized by IP injection
with ketamine (80 mg/kg) and xylazine (10
mg/kg). The rat was placed on at the end

point of the board (20 x 30 cm), the back was
fixed in a flexion position. Skin of the animal
was shaved and incised longitudinally on L4L5 vertebrae. 10 μl of (EVs /PBS) that
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contained 10 μg of EVs per rat were aspirated
in to 10 μl syringe (Hamilton) under sterile
condition. The EVs were injected
intrathecally into lumber cistern in a space
between L4-L5 laminae slowly. A tail flicked
known as a soft sign to assure that the needle
entered correctly.

EVs shows effect on histological changes on
SCI rats stained with H & E and cresyl violet,
shows differences between laminectomy,
SCI and EVs groups. In laminectomy group
no any destruction of neurons; white matter
and gray matter are intact. SCI group after 3
days shows destruction in both grey matter
and white matter with hemorrhage,
vacuolization with many dark neurons and
recruitment of polymorphonuclear cells
compared with laminectomy group,
appearance of much rbcs confirmed a good
model of SCI. After intrathecal injection of
EVs in EVs group, there was much
improvement in EVs group after 4 weeks
with no hemorrhage, the cavity reduced, with
less dark neurons, gray matter and white
matter recovered compared with SCI group
(Fig 13). Figure 14 shows a cresyl violet
staining technique, the results show intact
gray matter and white matter in laminectomy
group when compared with SCI group. The
SCI group shows a unilateral SCI with much
destructions of both gray matter and white
matter, numerous vacuolization when
compare with laminectomy group. After
intrathecal injection of EVs in EVs group
shows much recovery of gray matter and
white matter with less vacuolization when
compared with SCI group.

Histological Techniques
The rats were sacrifice through IP injection
as described above four weeks after the injury
and injection. Perfusion was carried out
transcardially and fixed with saline and
solution of paraformaldehyde 4 and
glutaraldehyde 2.5% in PB (phosphate
buffer) (0.1M pH 7.4) via the left ventricle.
The spinal cord was removed corresponding
to the epicenter of injury and post-fixed in the
same fixative. After the spinal cord at the
compression site was removed, the tissues
were fixed in paraformaldehyde 4 and
glutaraldehyde 2.5% in PB (phosphate
buffer) (0.1M pH 7.4) and processed by
paraffin wax technique; (Merk, Germany).
Sections were cut with the Rotary microtome
at 4µ and stained with Haematoxylin and
Eosin (H & E) and Cresyl blue techniques.
RESULTS
Effects of EVs on Histological Changes on
SCI Rats
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Figure 3: Transverse section of spinal cord at level of T10, H &E staining. (A) Laminectomy
group shows intact spinal cord , scale bar = 1000 µm . (B) Laminectomy , scale bar = 400 µm .
(C) Laminectomy , scale bar = 100 µm. (D) Massive destruction of grey and white matter
unilateral SCI compared with laminectomy , scale bar = 1000 µm (E) SCI group after 3 days,
green arrows showing hemorrhage confirming SCI model, scale bar = 100 µm . (F) SCI group
after 4 weeks, red arrows showing vacuolization, scale bar = 100 µm x. (G) EVs reduced
histological damage after SCI, scale bar = 100 0µm . (H) EVs group, scale bar = 400 µm . (I)
EVs group showing cavity reduced with little hemorrhage, scale bar = 100 µm .
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Figure 4: Transverse section of spinal cord at level of T10, stained with Cresyl violet. (A)
Laminectomy group, scale bar = 1000 µm .(B) Laminectomy, scale bar = 400 µm. (C)
Laminectomy, scale bar = 100 µm. (D) SCI group shows destruction of white & grey matter, scale
bar = 1000 µm .(E) SCI group, scale bar = 400 µm . (F) SCI group, red arrows showing numerous
cavities, yellow arrows showing dark neurons, scale bar = 100 µm. (G) EVs group with recovered
grey and white matter scale bar = 1000 µm. (H) EVs group, scale bar = 400 µm. (I) EVs group
showing less and smaller cavities with less dark neurons, scale bar = 100 µm.
DISCUSSIONS

compared to laminectomy slide. But after
intrathecal injection of EVs in SCI rats,
shows much recovery in histological
analysis; good recovery of both grey and
white matter of the spinal cord, it shows
much reduction of hemorrhage, reduction of
vacuole compared with SCI slide (fig. 10 and
11), as a result of these, this research came
off with two hypotheses, there is possibility
the treatment prevented the secondary injury,
there is also regeneration of grey and white

Histological analysis (H & E and cresy
violet) shows tissue damage on unilateral SCI
with vacuolization, around the vacuolization
with numerous hemorrhages, appearance of
blood confirmed the formation of good
model of SCI rats, activated astrocytes
aggregated and makes gliosis, macrophages,
polymorphonuclear cells, lymphocyte, and
no normal neurons around the injury area
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matter after treatment. This is in conformity
with results of study conducted by Sahar et
al., 2019 (20) Mohammed et al., 2020 (21),
this current study is also in a conformity with
the studies conducted by Mohammadi et al.,
2019; Mosavi et al., 2019; Lu et al., 2019 (2224), but there is little variation with the
current study in which they used Luxol fast
blue and Nissl staining techniques.
EVs are cellular debris or unneeded toxic
products that are excreted from cells, but
based on their origin and mechanisms
generation it was found out that EVs has a
very important physiological roles to play in
cell-cell communication (25). EVs can be
found in every body fluid; also some other
cells like immune and stem cells can be
induced through different stimuli such as
stressors and physiological mediators to
release EVs(26). The mechanisms in which
EVs is very important to cell include direct
membrane fusion, caveolin-mediated uptake,
clathrin-dependent
endocytosis,
macropinocytosis and phagocytosis mediated
by specific receptors (27). EVs are known to
be very important in establishing and
maintaining cell and tissue polarity, it also act
as a vehicles for morphogen and nucleic acid
release and distribution at embryonic
development as well as tissue regeneration
(28). In this study, SCI was induced on
Wister rats which resulted to damages on the
spinal cord as shown in figure 3D and 4D but
after injection of EVs from SVZ that was
isolated from rats, it shows much
improvement and recovery.
It was revealed that EVs involves in
intercellular communication and function in
the regulation of stem cell maintenance,
tissue immunosurveillance and tissue repair
(29). EVs has ability in transporting
molecules as well as modulating biological
functions in recipient cells (30). The
superiority as well as multi functions of EVs
like its small size have bring about the

possibilities for their application in diagnosis,
therapeutic and screening purposes for
various diseases and trauma. This is what
makes my mind to think using EVs as
therapeutic agent in SCI on rat model, at the
end a great success was achieved in recovery
there by stopping the secondary damages
following SCI on rat model.
Result from a recent study indicated that
miR-133b has a great impact in neuronal
apoptosis, neurite outgrowth and neuronal
differentiation in the CNS (31). Another
study shows that overexpression of miR133b promotes motor function recovery
following stroke in rats model (32).
Exosomes,
a
good
intercellular
communicator, have been in application as
biological agents for systemic or local
transporter of miRNAs in the therapy of
different diseases such as Parkinsons’s
disease and stroke (33). EVs are very tiny
vesicles produced by cells that can likely
contribute to cell-cell signaling by
transferring bioactive lipids, proteins and
RNA(34). The genesis of this vesicle was
identified based on the specific pattern of
expression of surface antigens(34). EVs
released by NSCs show therapeutic effect on
neurodegenerative diseases, inflammatory
and ischemic(35). EVs likely to be good for
regenerative therapy because they can evade
the problems of direct stem cell
transplantation such as tumorigenesis, low
survival and de-differentiation (36).
Application of stem cell for therapy may
likely work predominantly through paracrine
processes involving EVs(32), these are in
conformity with the current study in which
EVs was injected into the SCI rats, the results
shows much recovery on the spinal cord.
SVZ derived EVs has many important
characteristics the double lipid membrane
content, protects the inner components from
digestion and degradation(37). However,
EVs can also pass freely in to cerebrospinal
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fluid (CSF), which will help to reach the
injured site of the spinal cord. All these
characteristics are very important for motor
recovery following SCI (38) In this research
work, it was hypothesized that direct
intrathecal injection of EVs can solve the
problems associated with direct stem cell
injection and suppress inflammasome
complex formation as well enhanced motor
recovery after SCI. Results of this study show
that intrathecal injection of EVs to SCI
animals downregulated formation of
inflammation and result to motor recovery.
This shows that injection of EVs in SCI
patients can arrest the secondary damages.
This is in conformity with several studies
conducted that shows injection of EVs,
neuronal cell, MSC or other agents can arrest
the formation of inflammation and leads to
secondary damages. Research conducted by
Rong et. al., 2019 revealed that NSC-sEVs
can successfully decrease neuroinflammation
and neuronal apoptosis, thereby enhancing
functional recovery following SCI in rats
model (39). Yanhui et. al., shows that bone
mesenchymal stem cell derived extracellular
vesicle (BMSC-EV) can successfully hinder
the migration of pericytes, and help to keep
the integrity of blood spinal cord barrier
following SCI. This also followed by axonal
regeneration, reduction in neuronal cell death
and motor function recovery; they also
suggested that EVs might possibly serve as a
good therapeutic agent for SCI (24).
In cell transplants for the purposed of
treatment of CNS pathologies, there is need
to reach the exact target area. While SCI
trauma interferes with the blood spinal cord
barrier, this is restored through endogenous
repair. The systemic injection of cells like
injection intravenously (40) , may likely have
limited time window, which in animals like
rats last up to a week for the gray matter (41).
In the current study, the chronic stage
treatment was intended, intrathecal injection

of EVs into the CSF was chosen. It was
shown that stem cell injections into the CSF
is more effective than injection into the blood
circulation (40), previous studies show that,
most of clinical studies cells were injected
through lumber puncture (41). In the current
study, the subarachnoid space was accessed
through lumber cistern between L4-L5 with
aim of EVs to migrate to the injured area, and
the results shows a great success of spinal
cord recovery.
SCI brings about paralysis and dysfunction of
some different parts of the body and may
even result to death. Functional recovery is
very difficult as a result of microenvironment
changes, neuroinflammation and neuronal
cell death (42). Because of this, there is need
to create effective treatment and management
of SCI. Exosomes has a very important parts
of paracrine factors produced by MSCs (43).
Results of this study demonstrated that,
intrathecal injection of EVs improves
neuronal regeneration, arrest secondary
injury and prevent neuronal cell death, which
is very important for motor function recovery
after SCI. Several clinical researches have
been conducted for many years on
neuroprotective and neurodegenerative
mechanisms, still SCI has poor prognosis
generally (44). Sometimes even the neurons
that can sustain the initial injury possibly lost
as a result of traumatic event such as
neuroinflammation, apoptosis and others.
This secondary injury results to damage as
well as loose of function (8). Activation of
microglia is the early initiator of
neuroinflammation and brings about spinal
cord damage and disrupts the motor function
(45). In this study it was demonstrated that
SVZ derived EVs can down regulate
neuroinflammation, microglia activation and
reduce neuronal cells damage, thereby
enhancing motor function recovery on SCI
rat model.
Application of stem cell transplantation as a
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way of therapy for CNS diseases was
considered a good potential way of treatment,
due to the ability of stem cells to differentiate
into different cell types (46, 47). Several
studies have revealed that NSCs safeguard
surviving neurons and promote motor
function recovery following SCI (48-50) as
well as hypoxia-ischemia through decreasing
inflammation processes (51-53). Many
evidences from previous studies show a great
success in different animal disease models,
this can also be achieved in clinical
application; many problems associated with
CNS can be solved. In this study a great
success
was
achieved
in
which
transplantation of EVs reduced the formation
of inflammation, apoptosis as well as motor
function recovery on rat SCI models. The
mechanisms behind this could be being an
exosome a good intercellular communicator,
local transporter of miRNAs in the therapy of
different diseases such as neuronal diseases,
can likely contribute to cell-cell signaling by
transferring bioactive lipids, proteins and
RNA into the injured area.
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