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Introduction 

Spinal cord damage is caused not only by primary 
mechanical injuries owed to accidents and fall from 
heights (Weh and Kraus, 2011) but also as a result of 
secondary pathologic conditions that include edema, 
hemorrhage, demyelination, apoptosis, and necrosis 
(Zhang et al., 2012). Secondary transforms are attributed 
to biochemical factors, counting the liberation of free 
radicals, leukotrienes, and prostaglandins that incite 
further injury to nervous tissue and decreases blood flow 
to the spinal cord (Bartholdi and Schwab, 1998; Yuan 
and He, 2013). These injuries lead to severe locomotor 
deficits that reach irreversible paralysis in some cases, 
urinary incontinence and uncontrolled defecation with 
a guarded or very poor prognosis (Shamaa et al., 2018). 
Even after the corrective operation, there is a possibility 
that the damage to the spinal cord may not be reversible 
(Denny and Butterworth, 2000).
Stem cells (SCs) pose differentiation capabilities into 
various type of neurons and associated glial cells such 
as oligodendrocytes and astrocytes (Neirinckx et al., 
2014) and play a role in stimulating the remyelination 
and axonal mending (Kennea et al., 2009). 
Moreover, SCs secrete neurotrophic factors having 
immunomodulatory effects preventing further damage, 

stopping the apoptosis, stimulating angiogenesis, 
stimulating resident progenitor cells, and creating a 
regenerative microenvironment for neuronal repair 
(Kim et al., 2015).
Many animal models assessed the efficiency of the SC 
therapies for spinal cord injuries and discovered early 
signals of clinical efficiency and safety (Dasari et al., 
2007; Hunt et al., 2008; Kerr et al., 2010; Tetzlaff 
et al., 2011; Neirinckx et al., 2015). Adult SCs like 
mesenchymal stem cells (MSCs) collected from several 
mines, such as bone marrow, adipose tissue, and 
peripheral blood are considered helpful candidates for 
neuronal repair (Tondreau et al., 2008; Neirinckx et al., 
2013) due to the ease of extraction, trans-differentiation 
to several neural lineages, the release of paracrine 
factors, like brain-derived neurotrophic factor (BDNF), 
ciliary neurotrophic factor, glial cell line-derived 
neurotrophic factor, and other nerve growth factor (GF) 
(Salgado et al., 2010).
As neuronal damages and spinal cord injuries are 
progressive conditions and possibly irreversible, but 
early therapeutic intervention is lifesaving. As MSCs 
require prior cultivation for weeks (which can reduce 
the percentage of improvement), stromal cells or non-
expanded SCs offer an alternative therapeutic option 
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Abstract
Background: Companion animals are prone to spinal cord injuries commonly associated with severe locomotor and 
sensory complications, which can escalate to a state of irreversible paralysis. Stem cell therapies propose a hope for 
treating spinal cord injuries via differentiation into neurons and associated glial cells, halting the immune attacks, 
inhibiting apoptosis and necrosis, and secretion of neurotrophic factors that stimulate the regeneration process. 
Aim: The study aims to evaluate the use of autologous bone marrow derived stromal cells in platelet-rich plasma carrier 
for selected clinical cases having chronic spinal cord injuries in dogs and cats via a one-time combined intrathecal/
intravenous injection.
Methods: Cells were injected in five dogs and three cats suffering from disc protrusion leading to spinal cord injury 
and in thosewho did not respond to conventional treatment during a clinical trial.
Results: Results indicated that the transplanted cells led to the restoration of the weight bearing locomotor function 
and spinal reflexes in a period less than 90 days with physical rehabilitation. The treatment showed minor changes in 
the magnetic resonance images of extruded discs.
Conclusion: This study concluded that the combined intrathecal/intravenous injection of bone marrow stromal cells is 
a safe and promising procedure for treating chronic spinal cord injuries in companion animals.
Keywords: Spinal cord injury, Stem cell therapy, Bone marrow stromal cells, Platelet-rich plasma.
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due to their huge MSCs content (Gronthos et al., 
2001; Le Blanc, 2006). Our previous dog model study 
assessed the use of non-expanded adipose derived SCs 
as a single treatment of multiple sclerosis (Abdallah 
et al., 2019). The study presented very promising 
results for using stromal cells in the treatment of some 
degenerative neuronal disease.
Conversely, bone marrow mononuclear cells (BM-
MNCs) exemplify a significant population of SCs, 
including hematopoietic SCs, MSCs, and endothelial 
progenitor cells (Akiyama et al., 2002), which render 
them good candidates for early therapeutic intervention 
without further need for tissue cultures, and thus 
avoiding the continuing damage to neuronal tissues.
Degranulation of platelet-rich plasma (PRP) releases a 
mixture of GFs and cytokines that motivate not only 
the regeneration of soft tissues and bones but also 
the nervous tissues (Yu et al., 2011). It can be used 
as a vehicle to inject the SCs to further augment the 
regenerative capacity of the treatment. This research 
aimed to assess the effectiveness of combined 
intrathecal/intravenous injection of bone marrow 
stromal cells in a PRP carrier as a sole cure of spinal 
cord injury in some clinical cases.

Materials and Methods
Study design
All animal’s experimental protocols were approved 
by the Institutional Animal Care and Use Committee 
(IACUC). Approval ID#: CU/II/S/23/16. The main 
inclusion criteria for this study were: chronic spinal 
cord injury showing no clinical improvement after 
standard treatment and rehabilitation over 2 months. 
The exclusion criteria were any record of neoplasia or 
systemic illness.
Study population
This study included 5 dogs (3 Mongrel dogs and 1 
cocker spaniel and 1 Griffon, and 3 cats 1 Persian, 2 
Egyptian Maus). Animals were admitted to the surgery 
hospital suffering from intervertebral disc protrusion 
at the region of T13-L4 with various degrees during 
the period from January to April 2020 according to the 
previously mentioned inclusion and exclusion criteria.
Cell preparation
Autologous fresh bone marrow was aspirated from the 
iliac crest of each animal on heparin as an anticoagulant. 
Bone marrow samples were over-layered on 20 ml 
Ficoll, then centrifuged for 30 minutes. at 400 × g. 
BM-MNCs fraction were isolated. The layer of BM-
MNCs layer was carefully aspirated and resuspended 
in PBS and centrifuged for 10 minutes at 200 × g. Then 
the cell pellet was resuspended in PBS for washing and 
centrifuged for 10 minutes at 200 × g (Sotiropoulou et 
al., 2006).
PRP preparation
A blood sample (20 ml in the case of dogs and 10 ml 
in the case of cats) was withdrawn on Acid Citrate 
Dextrose-A anticoagulant, centrifuged at 200 × g for 

15 minutes. The plasma layer and the buffy coat were 
aspirated into a new tube, centrifuged at 200 × g for 
30 minutes. The cell pellet and overlaying 3 ml were 
aspirated, calcium chloride 10% was added to activate 
the PRP, incubated at 37oC. The resultant was the 
formation of a gel and kept in a shaking water bath for 
2 hours at 37oC till the gel was dissociated. The PRP 
was added to the BM-MNCs (Amable et al., 2013).
Injection
The SC preparation was divided into two parts, one 
part (4 × 106 nucleated cells) was injected intrathecally 
directly in the CSF through the foramen magnum in 
the proximal spinal cistern under general anesthesia 
through intravenous injection of a mixture of ketamine 
10 mg/kg (Ketalar 5% ®   Amoun, Cairo, Egypt) and 
Xylazine 1mg/kg (Xyla-Ject®  2% ADWIA, Cairo, 
Egypt) and the other part (6 × 106 nucleated cells) in 50 
ml of normal saline were injected systemically through 
an intravenous cannula and a blood infusion set with a 
170 µm filter with a rate of 7–10 ml/minute.
Evaluation
All the animals underwent myelography using 
Omnipaque®  300 mg/ml under general anesthesia as 
mentioned before, 1 week before the transplantation to 
detect any obstruction in the flow of the CSF and the 
compression over the spinal cord. Changes in animals’ 
gait were measured according to the standard Olby 
score for the ataxia, tail movements and proprioception 
(Olby et al., 2014) before and throughout 90 days 
period after treatment.
Magnetic resonance
Under general anesthesia magnetic resonance imaging 
(MRI) was performed before and after treatment using 
a 1.5 Tesla closed MRI machine. The spinal imaging 
protocol included sagittal and dorsal T2 weighted and 
T1-weighted, transverse T2-weighted (TR/TE 3290/99 
ms) and T1-weighted and sagittal sequences.
Ethical approval
IACUC with approval ID#: CU/II/S/23/16.

Results
Before treatment, all animals showed similar clinical 
signs, including paraplegia of the hind limbs, loss of 
muscle tone, absence of most of the reflexes, especially 
proprioception reflexes. Lameness score for all cases 
before and after treatment as listed in Table 1. No 
adverse reaction was recorded after the injection; no 
swelling, edema, inflammation, or other complications 
were recorded. 
All animals in this study showed major clinical 
improvement starting from 15 days post injection with 
physical rehabilitation at home, restored the control 
over the urination in all animals mostly from the second 
week post transplantation (Supplementary video 
showing the clinical improvement of case 1: https://
www.openveterinaryjournal.com/case-1), regained the 
reflexes tone, and regained control of the full weight 
bearing locomotion without assistance around 60 
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days post transplantation for dogs and 45 days post 
transplantation for cats (Figs. 1–3). Magnetic resonance 
did not show a marked improvement over the 90 days 
for the intervertebral disc extrusion lesions (Fig. 4).

Discussion
This study aimed to evaluate the clinical application 
and the therapeutic effect of BM-MNCs in a PRP 
vehicle as a one-time combined intrathecal/intravenous 
injection for chronic spinal cord injuries in selected 
cases of spinal cord compressions due to incomplete 
intervertebral disc protrusion that did not respond to 
conventional treatments. The main inclusion criteria 
for this study were: chronic spinal cord injury showing 
no clinical improvement after standard treatment and 
rehabilitation over 2 months, excluding vertebral 
fractures.
BM-MNCs is a rich source of SCs, enclosing 
heterogeneous populations of lymphocytes, 
mesenchymal and hematopoietic SCs, hematopoietic 
and endothelial progenitor cells. They can be swiftly 

collected from the bone marrow, easily separated, 
isolated, and then returned to the recipient animal 
or human (Suda, 2017). BM-MNCs was chosen as a 
source for SCs because it is easy to obtain, without any 
requirement of a donor animal, and bone marrow is rich 
in mesenchymal, hematopoietic and endothelial SCs 
(Elawady et al., 2016).
The PRP is an autologous concentrated blend of GFs 
and inflammatory mediators. It has been believed to be 
potentially valuable for soft and hard tissue restoration 
and regenerative process (Xie et al., 2014). PRP was 
chosen as a vehicle for transportation and injection of 
SCs as it is very rich in GFs and cytokines like NGF 
and BDNF that will additionally stimulate the spinal 
cord regeneration processes (Yu et al., 2011).
The site of injection of the cells was chosen far from the 
lesions as SCs homing capacity was evaluated in our 
previous study model using labelled SCs transplanted 
intrathecally that was positively homed to lumbar 
lesions (Abdallah et al., 2019), which did not put a 
limitation for transplantation at the lesion site and was 

Table 1. Lameness score for all examined cases showing the degree of lameness (Olby’s Score) before and after treatment and 
the % of improvement after treatment.

Dogs Cats

Case 
No.

Before-
treat-
ment

After-
treat-
ment

Before-
treat-

ment %

After-
treat-

ment %

Im-
prove-

ment %

Before-
treat-
ment

After-
treat-
ment

Before-
treat-

ment %

After-
treat-

ment %

Improve-
ment %

#1 1 12 7.1 85.7 78.6 1 13 7.1 92.9 85.7
#2 2 10 14.3 71.4 57.1 3 12 21.4 85.7 64.3
#3 1 11 7.1 78.6 71.4 2 13 14.3 92.9 78.6
#4 3 14 21.4 100 78.6 – – – – –
#5 1 13 7.1 92.9 85.7 – – – – –

Mean values Mean values
1.6 12 11.4 85.7 74.3 2 12.7 14.4 90.4 76.2

Fig. 1. showing the clinical score analysis according to the Olby scale. Notice all 
cases reached a near-normal gait after treatment period of 90 days.
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preferred over lumbar injection because of the ease of 
application and ensuring that all affected lesions receive 
an adequate amount of SCs especially when multiple 
lesions are present. Another delivery method that is 
not preferred is a direct intraspinal injection, where it 
is difficult to achieve the precise location of the lesion 
and requires a more invasive technique to expose the 
spinal cord (Amemori et al., 2015).
The other part of the cells was applied intravenously 
to obtain full coverage of the lesion to reach the spinal 
cord or the damaged peripheral nerves too (Akiyama et 
al., 2002; Kim et al., 2015). The systemic application of 
cells was safe and did not produce any adverse reactions 
or complications as stated in the previous studies. 
The MRI scans did not show a major improvement 
regarding the protruded discs. This might be attributed 
to the longer periods required for intervertebral discs to 
heal (Skovrlj et al., 2015). However, the clinical signs 

were ameliorated due to the transplanted SCs capable 
of stopping the inflammation, necrosis, and apoptosis 
and stimulating the regeneration of the neurons and 
axons (Kim et al., 2015). This combination proved its 
safety as no adverse effects were recorded in all animals 
included in this study from the surgery day till 90 days 
post-transplantation.
The clinical evaluation of the transplanted cells proved 
its efficacy in the treatment of the spinal cord, which 
was noticed even before reaching the end of the 
evaluation period, where animals were able to maintain 
full weight bearing walking more than 75% of the time 
without assistance. 
The final lameness score for all examined cases 
at the end of the observation period showed great 
improvements with a mean value percentage of 74.3% 
and 76.2% for dogs and cats respectively, compared to 
their initial lameness score values. One dog case showed 

Fig. 2. Mean values of lameness score for all examined cases before treatment and 
after 90-days post treatment.

Fig. 3. Mean values of lameness score for all examined cases before treatment and 
at 15, 30, 45, 60, 75 and 90-days post treatment.
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complete recovery after the 90 days observation period 
post-treatment. It was worth noticing that the animals 
starting with a higher degree of lameness (lesser 
Olby’s values) showed better results at the end of the 
observation period.
Although clinical lameness score analysis for all 
examined cases showed quick improvements in week 
two post treatment, where cats showed a slightly better 
improvement curve than dogs after 15 days from 
treatment and after that. Noticeable improvements 
continued until 45 days in cats and 60 days in dogs. 
The lameness scores became steady for both species 
until the end of the observation period. These findings 
coincided with our previous studies that: (1) the 
injected cells migrated to the site of lesions (homing) 
within the first week; (2) the effect of inhibiting 
apoptosis, stimulating regeneration, remyelination and 
differentiation into neural cell lines occurs from the 
second week up to a month (Abdallah et al., 2019). By 

45 days post treatment, the injected cells cease to exist 
in the extracellular space, and their reparative effect 
is diminished. This would propose a second injection 
at 45 days that will regain the reparative effect and 
increase the chances of a full recovery.
The proprioception and nociception reflexes were 
restored, and animals regained control of the urination 
and defecation, which confirms the studies on animal 
models like rats and mice (Neirinckx et al., 2015; 
Elawady et al., 2016) and dogs (Gabr et al., 2015).

Conclusion
BM-MNCs in PRP vehicle transplantation for 
spinal cord injury is a safe procedure, time-saving, 
and provided a passage to functional recovery and 
restoration of the locomotor and sensory activity in 
companion animals. The utmost effect of the single 
injection lasts for 45 days. A second injection at 45 
days may increase the chances of full recovery. This 

Fig. 4. (a) contrast Myelography where spinal cord of a cat 1 showing mild degree of spinal cord compression (arrow) and severe 
disc compression and mineralization (arrow head); (b) spinal cord myelography of a dog 1 showing severe compression (arrow); 
(c) MRI scan of cat 2 showing the protrusion of 2 discs before treatment; (d) MRI scan of Dog 2 showing the same lesion after 
treatment; (e) MRI scan of cat 2 showing the disc protrusion before treatment; (f) MRI scan of cat 2 showing the same lesion after 
treatment.
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treatment shows a promising hope for the treatment of 
chronic spinal cord injuries.
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