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Abstract
Background Multiple sclerosis (MS) is a chronic condition that primarily manifests as demyelination of neuronal 
axons in the central nervous system, due to the loss or attack of oligodendroglia cells that form myelin. Stem cell 
therapy has shown promising results for the treatment of MS due to its capability to halt the immune attack, stop 
apoptosis and axonal degeneration, and differentiate into oligodendrocytes. Stem cell-derived Exosomes (Exosomes) 
have shown great capabilities for neuronal diseases as they have growth factors, complex sets of miRNA, enzymes, 
proteins, major peptides, lipids, and macromolecules with anti-inflammatory, angiogenesis, and neurogenesis 
activities.

Methods This study aimed to compare the healing properties of stem cells, against Exosomes for the treatment 
of an experimentally induced MS dog model. Dog models of MS received either a single treatment of stem cells 
or a single treatment of Exosomes intrathecally and the treatment process was evaluated clinically, radiologically, 
histopathologically, and electron microscopy and cerebrospinal fluid analysis.

Results showed marked amelioration of the clinical signs in both treated groups compared to the control one, 
magnetic resonance scans showed the resolution of the hyperintense lesions at the end of the study period, the 
histopathology and electron microscopy showed marked healing properties and remyelination in treated groups with 
superiority of the stem cells compared to Exosomes.

Conclusions Although stem cell results were superior to Exosomes therapy; Exosomes have proven to be effective 
and safe important actors in myelin regeneration, and their use in diseases like MS helps to stimulate remyelination.

Highlights
 • Multiple sclerosis is a chronic condition that manifests as demyelination of neuronal axons.
 • Stem cell therapy has shown promising results for MS treatment by halting the immune attack.
 • Stem cell-derived Exosomes have shown great modalities for the treatment of neuronal diseases.
 • Superiority of the stem cells compared to Exosomes in means of differentiation into neuronal glial cells.
 • Exosomes have proven to be effective and safe important actors in myelin regeneration.
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Introduction
Multiple sclerosis, commonly known as (MS) is a life-
threatening autoimmune disease where progressive 
demyelination of the central nervous system neurons 
occurs. Oligodendrocytes are the cells responsible for 
myelin production which cover and protect the axonal 
part of neurons that accelerate the conduction of nerve 
impulses. For anonymous reasons, the immune sys-
tem raids the oligodendrocytes and the shielding myelin 
sheath. This disease starts with severe inflammation of 
the myelin sheath, and then remyelination occurs. Pro-
gressive breakdown of oligodendrocytes results in per-
manent cell loss, gliosis, and the remyelination process 
stops leading to irreversible loss to the axons [1].

The modern alternatives for MS treatment depend on 
regenerative therapy as a cell-based therapy. Numerous 
articles have confirmed that Mesenchymal Stem Cells 
(MSCs) were effective in the induction of regeneration, 
neuroprotection, and physiological recovery in MS mice 
models [2], and some human clinical studies [3].

MSCs unveil the power to trans-differentiate into neu-
ronal cells which cause neurogenesis and neuroprotec-
tion. MSCs share with other types of Stem Cells (SCs) 
the property of promoting a neuroprotective and neu-
rotrophic environment after spinal cord injuries [4]. 
The positive effect on neuronal repair and recovery was 
attributed to the trophic effects of the MSCs, rather than 
the cellular replacement at the site of injury [5].

MSCs have important immunomodulating properties 
that suppress in vitro B- and T-cell functions in addi-
tion to NK cells. MSCs decrease the propagation of both 
types of CD4 + and CD8 + T lymphocytes, and NK cells, 
but they did not have a similar impact on B lymphocyte 
proliferation [6].

The immunosuppressive properties of MSC are not 
explained but there are two main suggested mechanisms. 
The humoral mechanism, by the creation and production 
of soluble components and cell-to-cell contact-depen-
dent mechanism [2].

The cutting-edge technique for MS treatment is cell-
free therapy using extracellular vesicles EVs (Exosomes). 
Exosomes are tinny spherical vesicles (average diameter 
is 50 nm) [7] surrounded by a lipid bilayer membrane [8], 
which contain growth factors, complex set of miRNA, 
enzymes, proteins [9], major peptides, lipids, and mac-
romolecules with anti-inflammatory, angiogenesis, neu-
rogenesis activities [10, 11] [12]. stated that in culture, 
cortex neurons release exosomes [13]. stated that astro-
cytes also secret exosomes. Exosomes were detected in 
cerebrospinal fluid, (CSF) at the embryonic stage [14] 

and in adults [15], proposing that they could be crucial to 
a healthy CNS.

The exosome-mediated exchanges between neurons 
and glial cells lead to the outgrowth of neurons and cause 
neuron survival [16] through the transfer of micro-RNA-
133b to neurons [17].

Aim This study aimed to compare the healing properties 
of Stem Cells against Exosomes generated from Mesen-
chymal Stem cells for the treatment of an experimentally 
induced MS dog model.

Materials and methods
Research plan
An approved protocol was received from the Faculty of 
Veterinary Medicine at Cairo University’s Institutional 
Animal Care and Use Committee (IACUC). Approval 
ID#: CU/II/S/23/16.

Experimental animals
In this investigation, 36 Mongrel dogs of both sexes (2–5 
years old) were employed. Dog Source is the official sup-
plier of the Faculty of Veterinary Medicine, Cairo Uni-
versity. In order to rule out and exclude any canines with 
any nerve symptoms, including paralysis, paraplegia, 
tremors, paresis, lameness, head tilts, etc., all dogs had 
a pre-study assessment. All animals were singly housed 
in the department kennels and fed ad libitum a balanced 
dog ration. At the end of the experiment, the dogs are 
euthanized using high doses of the anesthetic sodium 
thiopental.

Animal groups
According to the treatment material, animals were uni-
formly and randomly allocated into 3-main groups after 
induction of MS using Ethidium bromide as gliotoxin: 
Treatment of all groups started on day 14 post-induction 
making sure that all the clinical signs were seen on the 
animals.

Group 1 (Control group); treatment with saline 0.9%.

Group 2 (Stem cells Treated group); treatment using 
autologous adipose-derived SCs.

Group 3 (Exosomes treated group); treatment using 
Stem cell-derived Exosomes.
Each group was divided into 4 equal subgroups based 
on the observational window, which was 3, 7, 14, and 28 
days after the start of the therapy.

Keywords Spinal cord injury, Multiple sclerosis, Stem cell therapies, Bone marrow stromal cells, Exosomes, Platelet-
rich plasma
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Animals were euthanized humanely when testing was 
completed and sections of the spinal cord were har-
vested for histopathological and electron microscopy 
(EM). The entire spine (T11-L3) was fixed in 10% Neutral 
Buffered Formalin for 24  h, after which the spinal cord 
was extruded from the bone, divided into 2 samples, and 
coronal spinal sections of 1  mm were taken for histo-
pathological analysis using customary H&E stain on 10% 
Neutral Buffered Formalin as a preservative and for EM 
on 5% glutaraldehyde.

Induction of demyelinating lesions The dorsal lamina 
of the first lumbar vertebra was punctured bilaterally with 
a dental drill while the dogs were under general anesthe-
sia. The lateral columns of the spinal cord were injected 
with a 20-µl dose of ethidium-bromide concentration 
0.1% using a microneedle syringe connected to a capillary 
tube [18].

Stem cell preparation Under general anaesthesia, an 
aseptically created (2–3  cm) abdominal skin incision. 
Each dog’s autologous S/C fat (15–20  g) was extracted 
in sterile vessels. Chopped and thoroughly cleaned with 
phosphate-buffered saline to eliminate any debris or free 
blood, the obtained fat was then added to an equivalent 
amount of 0.1% collagenase type 1 (Sigma, Aldrich). The 
tissue was placed in an incubator that was constantly 
shaking at 37 °C for one hour. After assimilation, lipoaspi-
rates were separated from collagenase by centrifuging for 
10 min at 1200 rpm, and any enzyme that remained was 
washed away three more times. A hemocytometer was 
used to count the cells in the aspirates after the final round 
of centrifugation, and the trypan-blue-dye exclusion test 
was used to determine the viability of the cells [19]. When 
cells reached 70–80% confluency, they were trypsinized 
and divided to increase their number and were regarded 
as the first passage. When cells reached the third passage, 
they were harvested after trypsinization and character-
ized using flow cytometry markers CD90, CD 73, CD105, 
and CD 34. Cells were seeded in tissue culture flasks in 
DMEM low glucose media (Gibco) with 10% Fetal Bovine 
Serum, and the media was changed every three days [20]. 
Then, each case received an injection of the stem cell 
preparation (10 × 106 cells in normal saline).

Exosomes After the third passage, MSCs were grown 
in DMEM low glucose, which was supplemented with 
0.5% of bovine serum albumin and was devoid of foetal 
bovine serum (Sigma). After two days of incubation the 
media was collected and centrifuged at 10,000  rpm for 
10  min to remove any cell debris then the supernatants 
were collected and filtered using a 0.22 μm syringe filter. 
After that, the medium underwent ultracentrifugation 
at 100,000 rpm for 1 h in order to collect the Exosomes 

pellet. By using the Bradford test to measure protein con-
tent, 200 g/ml of exosomes were introduced to the ster-
ilized Carboxymethylcellulose (CMC) at a concentration 
of 22 mg/ml. The gel contains 200 µg of exosomes per 1 
mL [21]. Exosomes produced from MSCs in CMC gel and 
maintained by lyophilization, a technique suitable for pre-
serving materials that are thermo-liable. Exosomes are 
readily preserved in a form that is continually storable, 
and they are quickly reconstitutable by merely adding 
water [11]. 

Injection route Normal saline, Stem cells, or Exosomes 
were injected directly into the CSF through the foramen 
magnum in the proximal spinal cistern on the day-14 
from the induction of the MS under digital X-ray guid-
ance with a total volume of 2mls after aspirating an equal 
volume of CSF [18].

Evaluation
Clinical evaluation According to the Olby scale score 
chart, clinical alterations in gait, movement, sensation, 
reflexes, and proprioception were noted and assessed [22] 
in each of the evaluation periods.

Magnetic resonance A 1.5 Tesla closed MR device was 
used for the MRI. MR Sagittal, dorsal, and transverse 
T2-weighted, T1-weighted, and sagittal STIR (TR/TE/TI 
3310/61/140 ms) sequences were used for the imaging of 
the spine. From T11 to L3, the sagittal, dorsal, and trans-
verse spinal sequences were carried out (vertebral body).

CSF analysis CSF samples collected before treatment 
and at the end of the experimental study were evaluated 
chemically for the color, turbidity, glucose, chloride, pro-
teins and bacteriologically measuring total leukocytic 
count, and differential leukocytic count, gram staining 
and Ziehl Nielsen Stain [23].

Histopathological evaluation For light microscopy, 
tissue samples were fixed in paraffin blocks, cut into 
10-m-thick slices, and then stained with H&E [24]. White 
matter and MS lesions were scored according to the fol-
lowing arbitrary scales: (0) no remyelination, (1) little 
remyelination at the lesional border, (2) significant remy-
elination, either confluent or patches, and (3) practically 
full or complete remyelination (shadow plaque).

Electron Microscopy Semi-thin (0.5µ to 1µ) slices 
were prepared to determine the degree of demyelination 
and axonal loss, sections were prepared using an LKB® 
ultra-microtome, stained with toluidine-blue, and pho-
tographed using an SC30 Olympus® camera. Next, ultra-
thin Sects.  (500–700  A) were created using a Leica AG 
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ultra-microtome, contrasted with uranyl acetate and lead 
citrate, and scanned using a JEM-100-CXII.

Statistical analysis
Data were summarized as means ± standard errors (SE). 
The effect of intervention was analyzed within each 
group using the Wilcoxon Signed Ranks Test. Differences 
between the treatment groups were tested using the One-
way analysis of variance (ANOVA) test and Tukey post 
hoc test. Results were statistically analyzed using PASW 
Statistics Software, Version 18.0, from SPSS Inc. (Chi-
cago, IL, USA). Significance was considered at P < 0.05.

Results
On day 13 after induction, animals were examined (i.e., 
1 day before commencing the treatment). All of the ani-
mals displayed clear signs of ataxia, including faulty 
steps, pelvic limb crossing, standing and walking on 
the dorsum of the foot, reduced tail movement, and 
extremely sluggish proprioception reflexes. Animals were 
given predetermined dosages of normal saline, stem cells, 
or exosome preparation on day 14.

Clinical evaluation post-treatment
After 3 days following treatment, the animals in all 
groups continued to exhibit ataxic gait with full weight 
bearing, an increase in the frequency of incorrect steps, 
and slow proprioceptive responses. The control animals 
required assistance to stand after 7 days because they had 
a noticeable rise in ataxic gait and a loss in pelvic limb 
strength. The ataxic gait of the animals treated with stem 
cells and exosomes was slightly improved, and they were 
able to walk alone with good pelvic limb strength but 

with still weak proprioception reflexes and tail motions. 
After 14 days, control dogs were not able to stand on 
their pelvic limbs due to decreased pelvic strength and 
muscle mass, as well as very slow reflexes. In contrast, the 
groups that had received treatment with stem cells and 
exosomes displayed significantly improved gait, flawless 
proprioception reflexes, and only weak tail movements. 
The control animals were essentially paralyzed after 28 
days, unable to control their bowel and bladder move-
ments and without any feeling or reflexes in either of 
their rear limbs. The Exosomes treated group showed a 
noticeable improvement in gait with full weight-bearing 
but with many faulty steps and limb crossing. The Stem 
cells treated group showed normal gait in all animals with 
almost no faulty steps and good tail movements, and the 
overall condition of the animals improved with a playful 
and jumping demeanor. Figure 1 depicts the variations in 
clinical gait across the groups using the Olby scale grad-
ing method.

Magnetic resonance
MRI scans of the treated groups’ spinal cords revealed 
faster recovery than in the control group. On T2 
weighted images from all scans, there were bilateral 
hyperintense lesions, and on sagittal sections, there was 
a diffuse hyperintense lesion that was identified as syrin-
gomyelia. 3 days after the induction, whereas 7 days later, 
the treated groups’ MRI scans of the spinal cord exhib-
ited less regions of hyperintensity on axial scans and sag-
ittal sections. Large regions of hypointensity were visible 
on T1 weighted images on axial scans after 14 and 28 
days, although treated subgroups of the same periods had 
normal intensity on both sagittal and axial scans with no 

Fig. 1 Showing the clinical gait evaluation scores over time. Data expressed as mean values. PT: post-treatment
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aberrant findings (Fig. 2). Figure 2: showing MRI images 
of the spinal cord 28 days post-treatment.

CSF analysis CSF analysis showed values within the nor-
mal range in all groups before and after treatment and no 
bacterial contaminants were isolated (Table 1).

Histopathological evaluation
All animals’ histopathology samples taken 3 days after 
treatment showed well-defined areas of vacuolations, 
and the white matter displayed a higher degree of Wal-
lerian degeneration, which was manifested as complete 
demyelination around axons, axonal degeneration, and 
increased glial cell proliferation with distinct astrocytic 

swelling. A few macrophages (Gitter cells) with foamy 
cytoplasm engulfing the degraded myelin and axons 
and leaving a distinct vacuole were visible in the con-
trol group after 7 days. In the grey matter, the neuronal 
injury was shown as nuclear damage accompanied by 
chromatorhexis, chromatolysis, and neuronophagia. 
The stem group demonstrated the presence of large cells 
with deeply stained nuclei on the white matter’s periph-
ery, the restoration of axons to their normal architecture, 
and the emergence of patches of remyelination; a similar 
picture was seen in the Exosomes group but with fewer 
cells present on the periphery. The control samples dem-
onstrated an increase in vacuolated regions with sizable 
areas of Wallerian degeneration, axonal swelling, and 

Table 1 Showing the mean ± SE values of the CSF analysis of dogs before and after the end of treatment
Control Group Stem cell group Microvesicles group
Before After Before After Before After

Aspect Clear Clear Clear Clear Clear Clear
Color Transparent Transparent Transparent Transparent Transparent Transparent
Total Leukocytic count (cells/cmm) 10.0 ± 0.6 12 ± 0.6 9.0 ± 0.6 13.0 ± 0.6 10.0 ± 0.6 14.0 ± 0.6
Glucose (mg/dl) 70.5 ± 1.2 62.2 ± 1.2 B 67.7 ± 1.2 80.1 ± 1.2 A 67.8 ± 1.2 78.5 ± 0.7 A

Chloride
(mmol/l)

133.1 ± 0.5 a 122.7 ± 0.5 C 131.4 ± 0.5 a 135.1 ± 0.5 A 125.7 ± 0.5 b 127.6 ± 0.5 B

Proteins 30.0 ± 0.6 a 25.0 ± 0.6 C 23 ± 0.6 b 27.0 ± 0.3 B 25 ± 0.6 b 30.0 ± 0.6 A

Gram Stain Negative Negative Negative Negative Negative Negative
Ziehl Nielsen Stain Negative Negative Negative Negative Negative Negative
a,b Different small letters superscripts indicate significance between different groups before treatment (Tukey test; P < 0.05). A,B,C Different capital letters superscripts 
indicate significance between different groups after treatment (Tukey test; P < 0.05)

Fig. 2 Showing MRI images of the spinal cord 28 days post treatment where (a) represents the control group; (b) represents the stem cell group showing 
normal scan of the spinal cord; (c) represents the Microvesicles group showing normal scan of the spinal cord
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axonal degeneration after 14 days. In contrast to the 
stem cell treated group and the Exosomes group, where 
remyelination activity developed as patches around the 
aforementioned big cells, the limited proliferation of Git-
ter cells and low phagocytotic activity were found with a 
significant degree of loss of architecture. Additionally, the 
control group had extensive regions of mass demyelin-
ation as well as additional areas of loss of architecture, 
vacuolation, and axonal degeneration 28 days after treat-
ment. In contrast, more remyelination occurred in the 
stem cell-treated group than in the Exosomes group, and 
the majority of the axons recovered their myelin coat-
ing and axon form in the majority of the white matter 
(Fig. 3). Figure 3: showing histopathological evaluation of 
the spinal cord at 28 days post treatment.

Sections stained with toluidine blue were used to 
measure the degree of demyelination and axonal loss. 
After three days, the control group’s nerve fibers exhib-
ited vacuolation or splitting of the myelin lamella along 
with axon shrinkage. Gliosis or a mild inflammatory cell 
response was seen. Semi-thin slices of the white matter 
from 7 to 14 days later showed vacuolation or splitting 
of the myelin lamella as well as shrinking of the nerve 
axons, as well as diffusely demyelinated nerve fibers. This 
became more pronounced after 28 days, at which time 
the white matter displayed pronounced deformity of the 
nerve fibers along with severe demyelination and axonal 

degeneration, shrinkage, folding, splitting, and/or vacu-
olation. A few nerve fibers underwent full destruction. 
As opposed to that, after 7 days post-treatment, both the 
stem cell group and the Exosomes group noticed a few 
cells with large vesicular nuclei containing one or two 
nucleoli and faintly stained cytoplasm in the interstitial 
tissue. These cells were associated with patchy remyelin-
ating activity with varying degrees of staining affinity in 
the stem cell group but were not seen in the Exosomes 
group, which increased 14 days post-treatment as large 
patches of myelinated healthy Most of the axons had 
remyelinated after 28 days, and both groups’ big axons 
were covered in a heavily stained myelin sheath (Fig. 4). 
Figure  4: showing toluidine blue stained spinal cord 
sections.

Electron microscopy
The treated group’s spinal cord underwent electron 
microscopy analysis, and it was evident that three days 
after treatment, the axons were exhibiting a variety of 
deformities, including shrinkage, destruction, vacuola-
tion, and degeneration. The myelin sheaths were also sep-
arated and destroyed, and phagocytic cells were engulfing 
the destroyed nerve fibers and sheaths. The astroglia and 
oligodendroglia also were phagocytosed; The myelin 
sheath was still immature, with the outer lamellar layer 
condensed and electron dens while the inner layer 

Fig. 3 Showing histopathological evaluation of the spinal cord at 28 days post treatment where (a) the control group showing mass demyelination 
and vacuolation and axonal shrinkage; (b) stem cell group showing extensive areas of demyelination around large deeply stained cells; (c) microvesicles 
group showing preserved axonal shape and large areas of remyelination
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appeared light electron dens, folded and dispersed, leav-
ing variable irregular size spaces between, in contrast 
to the other groups, which demonstrated large areas of 
active remyelination 7 days after treatment adjacent to 
large cells with a vesicular nucleus (N) and abundant 
cell organelles like free ribosomes, endoplasmic reticu-
lum Nearly all of the axons had an electron-dense myelin 
sheath around them at 28 days after treatment, with 
high consistency. At 14 days after treatment, the major-
ity of the axons had reverted to their natural architecture 
(Fig. 5). Figure 5: showing electron microscopic analysis 
of the spinal cord sections.

Statistical analysis
The Wilcoxon signed-rank test results showed that each 
of the treatment courses did not elicit a statistically sig-
nificant change in dogs before and after treatments 
(P > 0.05).

The one-way ANOVA revealed that there were statisti-
cally significant differences in glucose (P < 0.0001), chlo-
ride (P < 0.0001), and protein (P = 0.001) levels between 
the groups after treatments. However, total leukocytic 
count showed no significant differences between the 
groups (P = 0.125) (Table 1).

The one-way ANOVA revealed that there were statis-
tically significant differences in gait between the groups 
at days 14 and 28 post-treatment (P = 0.002 and < 0.0001, 
respectively), where groups 2 and 3 were significantly 
higher than group 1 (Fig. 1).

Discussion
Stem cell therapeutics presents hope for the healing of 
neurological disorders like MS, due to its radical role in 
supporting neurons and axons; and also, differentiation 
capabilities into various neural lineages. While the main 
cause of MS is the loss of Myelin and disintegration of 
oligodendrocytic cells that are responsible for the for-
mation and maintenance of Myelin sheath in the CNS, 
MSCs were proven to differentiate into oligodendro-
cytes, stopping apoptosis, and secreting trophic factors 
that stimulate the endogenous regeneration and halt the 
immune attack [18]. The biggest drawback of stem cells 
is the immunological danger, and since MSC implanta-
tion and differentiation into tissue cells cannot explain 
the functional repair of injured tissues that has been 
observed, there is growing evidence of another mecha-
nism for tissue regeneration. It is well acknowledged 
that MSCs release a wide range of physiologically active 
cytokines/growth factors, extracellular matrix proteins, 
and tissue remodeling enzymes that are crucial for sev-
eral tissue functions, repairs, and homeostasis processes. 
This secretome is known as exosomes and is currently 
used and evaluated for the treatment of various diseases 
including neurological disorders [25].

This study aimed to compare the effects of lyophilized 
ready-to-use canine exosomes derived from stem cells for 
the treatment of MS with actual stem cell therapy. Results 
showed that the injection of stem cells or Exosomes 
intrathecally is safe and did not induce any biochemical 
changes in the CSF composition which agrees with pre-
vious studies. The clinical evaluation of the treatment 
progress showed amelioration in gait and movements 
of both treated groups compared to the control with a 

Fig. 4 Showing toluidine blue stained spinal cord sections where (a) control group showing extensive signs of demyelination, axonal degeneration and 
vacuolation; (b) stem cell group showing marked signs of newly formed myelin sheaths around axons; (c) Microvesicles group showing the newly formed 
myelin around axons

 



Page 8 of 10Abdallah et al. BMC Veterinary Research           (2024) 20:90 

better score in the stem cell treated group. Magnetic 
resonance of the animals showed a greater amelioration 
in treated groups compared to control one regaining 
the normal intensity of the spinal cord and resolution of 
the previous lesions which proves that stem cell therapy 
and/or Exosomes as cell-free therapy can ameliorate the 
signs of MS which can be noticed clinically and proved 
radiologically [26, 27]. The histopathological analysis 
and electron microscopy came explanatory to the previ-
ous results where the treated groups showed patches of 
active remyelination that increased over time accompa-
nied by the appearance of large deeply nucleated cells 
near these areas of remyelination which were greater in 
number in the stem cell group which might be attributed 
to the direct differentiation of the injected cells into oli-
godendrocytes progenitors compared to the Exosomes 
group which only stimulated the proliferation of endog-
enous oligodendrocyte progenitors present in the spinal 
cord as stated by [28] who demonstrated that Exosomes 
from stem cells were picked up by oligodendrocyte pro-
genitor cells, preventing them from going into apoptosis 
and encouraging cell survival, growth, and motility. These 
exosomes carried microRNAs and adhesion molecules 
that were the cause of the effects that were seen [29, 30].

Although stem cell results were superior to Exosomes 
therapy; Exosomes have shown that they are essen-
tial for myelin regeneration, and they may be used in 

conjunction with EVs to stimulate remyelination in path-
ological conditions [31].

Conclusion and recommendation
In contrast to stem cell therapy, the use of exosomes is 
emerging as a more promising, safe, and practical strat-
egy to immunomodulate, promote myelin regeneration, 
and conserve minimum immunological danger, there-
fore reducing neurodegeneration and ultimately improv-
ing patients’ outcomes. These results could pave the way 
for brand-new cell-free therapies to stop CNS chronic 
diseases.

Abbreviations
MS  Multiple sclerosis
MSCs  Mesenchymal stem cells
SCs  stem cells
NK  Natural killer cells
EVs  Extracellular vesicles
CSF  Cerebrospinal fluid
CNS  central nervous system
EM  electron microscope
DMEM  Dulbecco’s Modified Eagle Medium
CMC  carboxymethyl cellulose
MRI  Magnetic resonance imaging

Acknowledgements
We would like to acknowledge Dr/ Eslam Elgohary in the preparation of the 
histopathological sample.

Fig. 5 Showing electron microscopic analysis of the spinal cord sections where (a) represents the control group showing vacuolation, disintegration and 
axonal degeneration; (b) represents the stem cell group showing newly formed condensed myelin sheath of 1.50-micron thickness around normal axon 
(c) represents the microvesicles group showing normal myelin sheath and normal axons

 



Page 9 of 10Abdallah et al. BMC Veterinary Research           (2024) 20:90 

Author contributions
Mohamed Bahr: was responsible for the preparation of the stromal/stem cells 
and EVs. Ahmed Abdallah: was responsible for MRI evaluation. Ashraf Shamaa 
and Omar EL-Tookhy: were responsible for induction sopinal cord defect and 
treatment application.

Funding
This study was funded by a research support grant no 26268 by Science, 
Technology & Innovation Funding Authority, Cairo, Egypt. the funding 
body played no role in the design of the study and collection, analysis, and 
interpretation of data and in writing the manuscript.
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data availability
All data are available (data transparency) upon request.

Declarations

Ethical approval
Title of the approved project: Evaluation of Adipose derived stem cell therapy 
in a dog model of multiple sclerosis. Name of the institutional approval 
committee: Faculty of Veterinary Medicine at Cairo University’s Institutional 
Animal Care and Use Committee (IACUC). Approval number: ID#: CU/
II/S/23/16. Date of approval: 2016.

Conflict of interest
The authors have no conflicting financial interests.

Consent for publication
Not applicable.

Author details
1Hormones Department, Medical Research and Clinical Studies Institute, 
National Research Center, Giza, Egypt
2Surgery, Anesthesiology and Radiology Department, Faculty of 
Veterinary Medicine, Cairo University, Giza, Egypt

Received: 9 September 2023 / Accepted: 8 February 2024

References
1. Harris VK, Stark J, Vyshkina T, Blackshear L, Joo G, Stefanova V, et al. Phase I trial 

of intrathecal mesenchymal stem cell-derived neural progenitors in progres-
sive multiple sclerosis. EBioMedicine. 2018;29:23–30.

2. Kassis I, Petrou P, Vaknin-Dembinsky A, Karussis D. Mesenchymal stem cells in 
neurological diseases. Clin Investig (Lond). 2013;3:173–89.

3. Uccelli A, Laroni A, Freedman MS. Mesenchymal stem cells as treatment for 
MS - progress to date. Mult Scler. 2013;19:515–9.

4. Kim BG, Hwang DH, Lee SI, Kim EJ, Kim SU. Stem cell-based cell therapy for 
spinal cord injury. Cell Transpl. 2007;16:355–64.

5. Caplan AI, Dennis JE. Mesenchymal stem cells as trophic mediators. J Cell 
Biochem. 2006;98:1076–84.

6. Nasef A, Mathieu N, Chapel A, Frick J, François S, Mazurier C, et al. Immu-
nosuppressive effects of mesenchymal stem cells: involvement of HLA-G. 
Transplantation. 2007;84:231–7.

7. Bahr MM, Amer MS, Abo-EL-Sooud K, Kamel SM, Fouly MA, Abdallah AN, et al. 
Effect of topical application of Lyophilized Xenogenous Mesenchymal Stem 
Cell-Derived Extracellular vesicles on Central and Peripheral corneal ulcers 
healing in rabbits. Adv Anim Vet Sci. 2023;11:132–40.

8. Théry C, Zitvogel L, Amigorena S. Exosomes: composition, biogenesis and 
function. Nat Rev Immunol. 2002;2:569–79.

9. Abdelnaby EA, Abdallah AN, Anwar IM, El-Tookhy OS, Shamaa AA. The 
therapeutic effect of stem cell-derived exosomes in the treatment of chronic 
endometritis as assessed by histopathological, Doppler and hormonal 
expression in arabian mares. Equine Vet Educ. 2023. https://doi.org/10.1111/
eve.13888.

10. Maumus M, Jorgensen C, Noël D. Mesenchymal stem cells in regenerative 
medicine applied to rheumatic diseases: role of secretome and exosomes. 
Biochimie. 2013;95:2229–34.

11. Bahr MM, Amer MS, Abo-El-Sooud K, Abdallah AN, El-Tookhy OS. Preservation 
techniques of stem cells extracellular vesicles: a gate for manufacturing of 
clinical grade therapeutic extracellular vesicles and long-term clinical trials. 
Int J Veterinary Sci Med. 2020;8:1–8.

12. Fauré J, Lachenal G, Court M, Hirrlinger J, Chatellard-Causse C, Blot B, et al. 
Exosomes are released by cultured cortical neurones. Mol Cell Neurosci. 
2006;31:642–8.

13. Taylor DD, Gercel-Taylor C. Exosomes/microvesicles: mediators of cancer-
associated immunosuppressive microenvironments. Seminars in immunopa-
thology. Springer; 2011. pp. 441–54.

14. Bachy I, Kozyraki R, Wassef M. The particles of the embryonic cerebrospi-
nal fluid: how could they influence brain development? Brain Res Bull. 
2008;75:289–94.

15. Vella LJ, Greenwood DLV, Cappai R, Scheerlinck J-PY, Hill AF. Enrichment 
of prion protein in exosomes derived from ovine cerebral spinal fluid. Vet 
Immunol Immunopathol. 2008;124:385–93.

16. Wang S, Cesca F, Loers G, Schweizer M, Buck F, Benfenati F, et al. Synapsin I is 
an oligomannose-carrying glycoprotein, acts as an oligomannose-binding 
lectin, and promotes neurite outgrowth and neuronal survival when released 
via glia-derived exosomes. J Neurosci. 2011;31:7275–90.

17. Xin H, Li Y, Buller B, Katakowski M, Zhang Y, Wang X, et al. Exosome-mediated 
transfer of miR‐133b from multipotent mesenchymal stromal cells to neural 
cells contributes to neurite outgrowth. Stem Cells. 2012;30:1556–64.

18. Abdallah AN, Shamaa AA, El-Tookhy OS. Evaluation of treatment of experi-
mentally induced canine model of multiple sclerosis using laser activated 
non-expanded adipose derived stem cells. Res Vet Sci. 2019;125:71–81.

19. Abdallah AN, Shamaa AA, El-Tookhy OS, Abd El-Mottaleb EM. Evaluation of 
low level laser-activated stromal vascular fraction as a single procedure for 
treatment of experimental chondral defects. Asian J Anim Sci. 2016;10.

20. El Mahdy EM, Gamal M, Aboulhoda BE, Al Dreny BA, Shamaa A, Rashed L, 
et al. Amelioration of rotenone-induced Parkinson’s disease; comparing 
therapeutic role of erythropoietin versus low-level laser activation of mes-
enchymal stem cells (an in-vivo and in-vitro study). Anim Cells Syst (Seoul). 
2023;27:272–86.

21. Bahr MM, Amer MS, Abo-El-sooud K, Abdallah AN, Shehab GG, El-Tookhy 
OS. Proficiency of carboxymethyl cellulose as a cryoprotectant. Clinical and 
histological evaluation of cryopreserved heterogenous mesenchymal stem 
cell-exosomal hydrogel on critical size skin wounds in dogs. Int J Hematol 
Oncol Stem Cell Res. 2021;15:178–91.

22. Olby NJ, Lim J-H, Babb K, Bach K, Domaracki C, Williams K, et al. Gait scoring 
in dogs with thoracolumbar spinal cord injuries when walking on a treadmill. 
BMC Vet Res. 2014;10:58.

23. Lycklama a Nijeholt GJ, Uitdehaag BM, Bergers E, Castelijns JA, Polman CH, 
Barkhof F. Spinal cord magnetic resonance imaging in suspected multiple 
sclerosis. Eur Radiol. 2000;10:368–76.

24. Shamaa AA, El-Tookhy OS, Abdallah AN. Progressive model of multiple 
sclerosis following ethidium bromide injection in dogs’ spinal cord: failure of 
endogenous remyelination. Bioscience Res. 2018;15:2327–37.

25. Kim H-SHO, Choi S-M, Kim H-SHO. Mesenchymal stem cell-derived secretome 
and microvesicles as a cell-free therapeutics for neurodegenerative disorders. 
Tissue Eng Regen Med. 2013;10:93–101.

26. Madrigal M, Rao KS, Riordan NH. A review of therapeutic effects of mesenchy-
mal stem cell secretions and induction of secretory modification by different 
culture methods. J Transl Med. 2014;12:260.

27. Takeda YS, Xu Q. Neuronal differentiation of human mesenchymal stem 
cells using exosomes derived from differentiating neuronal cells. PLoS ONE. 
2015;10.

28. Osorio-Querejeta I, Alberro A, Muñoz-Culla M, Mäger I, Otaegui D. Therapeu-
tic potential of extracellular vesicles for demyelinating diseases; challenges 
and opportunities. Front Mol Neurosci. 2018;11.

29. Otero-Ortega L, Laso-García F, Del Gómez-De Frutos C, Rodríguez-Frutos M, 
Pascual-Guerra B, Fuentes J. B, White matter repair after extracellular vesicles 
administration in an experimental animal model of subcortical stroke. Sci 
Rep. 2017;7.

30. O LO, F MG, F BR, C JR, L IL et al. B. F,. Functional recovery and white matter 
repair after exosomes administration in different experimental animal models 
of stroke. Stroke. 2016;47 SUPPL. 1.

https://doi.org/10.1111/eve.13888
https://doi.org/10.1111/eve.13888


Page 10 of 10Abdallah et al. BMC Veterinary Research           (2024) 20:90 

31. Rochelle C, Busch S, Lang B, Lehman N, Athersys RM, Miller R. Extracellular 
vesicles are involved in MAPC promotion of oligodendrocyte differentiation 
in vitro. J Extracell Vesicles. 2016;5 Supplement 1:120.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Comparison between stem cell therapy and stem cell derived exosomes on induced multiple sclerosis in dogs
	﻿Abstract
	﻿Highlights
	﻿Introduction
	﻿Materials and methods
	﻿Research plan
	﻿Experimental animals
	﻿Animal groups
	﻿Evaluation
	﻿Statistical analysis

	﻿Results
	﻿Clinical evaluation post-treatment
	﻿Magnetic resonance
	﻿Histopathological evaluation
	﻿Electron microscopy

	﻿Discussion
	﻿Conclusion and recommendation
	﻿References


