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Abstract

Background: Neuropathic pain remains a persistent clinical problem and characterized by mechanical allodynia
and heat hyperalgesia. Chronic pain conditions are among the major health problems which are difficult to treat.
Bone marrow-derived mesenchymal stromal cells (BMSCs) have generated great interest as an option for cell-based
therapy. BMSCs are easy to isolate and expand ex vivo. Clinical studies show that direct injection of BMSCs does
not produce side effects as rejection and is well tolerated by the immune system.

Methods: Neuropathic pain model in rats was developed with the ligation of the sciatic nerve. BMSCs were
isolated from femur and tibia aspirates of rats and kept in culture media. rBMSCs were injected locally into injured
sciatic nerve area of rats and efficiency of the therapy was observed with thermal sensitivity and motor functions for
4 weeks after injection of rBMSCs.

Results: After injection into injured area rBMSCs were located in sciatic nerve tissue. In the present study, we
showed that a single systemic local injection (into the lesion site) of rBMSCs reversed pain hypersensitivity in rats
after injury and decreased the pain symptoms for 2 weeks and these effects got back in 4 weeks.

Discussion: Our results revealed that single injection of rBMSCs showed relief of pain in short-term follow-up
and further booster injection needed for long term prolonged therapeutic approach.

Keywords: Rat; Bone marrow; Mesenchymal stromal cells; Cellular
therapy; Neuropathic pain

Abbreviations: CCI: Chronic Constriction Injury; MSC:
Mesenchymal Stromal Cell; NP: Neuropathic Pain

Introduction
Neuropathic Pain (NP) was defined as the pain arising as a direct

consequence of a lesion or disease affecting the somatosensory system
according to Neuropathic Pain Special Interest Group (NeuPSIG) of
the International Association for the Study of Pain (IASP) [1]. The
lesion or disease affect nervous system either centrally or periphery.
The prevalence of chronic pain reported as 8-9% in Europe with the
characteristic of neuropathy [2]. 10% of community adults have shown
symptoms of neuropathic pain in the United States [3].

NP is associated with low levels of health utility that were generally
lower than some chronic conditions such as cancer, heart failure,
chronic obstructive pulmonary disease, motor neuron disease, type 2
diabetes [4]. The pain is characterized by burning, stabbing or like an
electric shock. Stimulus-response function can be damaged in NP and
results with allodynia (evoked pain to non-painful stimulus) and

hyperalgesia (exaggerated pain perception as result of damaged
peripheral pain fiber). The four most common types of NP are post-
herpetic neuralgia, trigeminal neuralgia, phantom limb pain and
painful diabetic neuropathy [5]. First line treatment of neuropathic
pain is oral amitriptyline or pregabalin and oral duloxetine for painful
diabetic neuropathy according to the guidance of National Institute for
Health and Clinical Excellence (NICE) [6]. Insufficient pain relief and
intolerable side effects of drugs were experienced in NP patients [7].
Some interventional methods are considered for treatment of NP
patients that included in neurosurgical interventions, neural blockade
and spinal cord stimulation but the effectiveness of interventional
management of NP is also limited [8]. Therefore, it is thought that the
mechanism-based treatment is needed.

Some neurobiological mechanisms were caused to induce
neuropathic hypersensitivity. Decrease in the threshold of sodium
channels, ectopic excitability of sensory neurons, central sensitization
is one of the important reason for neuropathic pain [9]. Inflammatory
mediators, calcitonin gene-related peptide and substance P which are
released form nociceptive terminals and prostaglandins, bradykinin,
growth factors and cytokines which are released from injured area
contribute to peripheral sensitization. These substances can decrease
firing thresholds and establish ectopic discharges in nociceptors [10].

Genc et al., J Pain Relief 2017, 6:5 
DOI: 10.4172/2167-0846.1000302

Research Article Open Access

J Pain Relief, an open access journal
ISSN:2167-0846

Volume 6 • Issue 5 • 1000302

Journal of Pain & Relief

Jo
ur

nal of Pain & Relief

ISSN: 2167-0846

mailto:tuncakkoc@gmail.com


Recently, evidence for a role of the immune cells in neuropathic pain is
increasing. The factors that are released by injured neurons and their
associated glial cells activate resident immune cells and recruit more
immune cells from the blood circulation. These immune cells release
many cytokines and chemokines that change the transduction and
transmission of nociceptive signals by sensory neurons at the level of
their target fields, the nerve trunk, cell bodies in the dorsal root
ganglion and synaptic terminations within the dorsal horn of the
spinal cord [11]. T cell infiltration to the injured sciatic nerve after
chronic constriction injury was showed by researchers. When
congenitally athymic nude rats and their heterozygous littermates were
comparing after the injury, nude rats have developed a reduced
mechanical allodynia and thermal hyperalgesia. Moreover passive
transfer of Th1 (T helper) cells into nude rats produced
proinflammatory cytokines, but Th2 cells produced anti-inflammatory
cytokines [12]. Proinflammatory cytokines such as TNF-α, IL-1, and
IL-6 released by inflammatory cells promote neuropathic pain
development and progression [13]. The inflammatory response in the
injured sciatic nerve suppressed by daily injections of dexamethasone
led to blocking the development of thermal hyperalgesia [14].

Chronic constriction injury (CCI) in rat sciatic nerve is widely used
the model to produce peripheral mononeuropathy. In this model, the
sciatic nerve is encircled by four ligatures of the chronic gut which
constricts nerve, produced ischemia, initiates inflammatory reactions,
and damage axons. After sciatic nerve injury in rats, allodynia and
hyperalgesia were appeared similar to human neuropathic pain [15].

Mesenchymal stromal cells (MSCs) are multipotent cells that are a
heterogeneous population of plastic adherent fibroblast-like cells.
These cells are able to self-renewing and have the potential to
differentiate into numerous cell types as osteoblast, adipocyte,
chondrocytes in the culture [16]. The differentiation feature of these
cells contributes to promise in regenerative medicine, such as
myocardial infarction and peripheral nerve injury [17,18]. MSCs have
the ability on immunosuppression and modulate the immune function
of the major cell populations, such as antigen presenting cells, T cells
and NK cells [19]. Thus, the treatment of graft vs. host disease,
rheumatoid arthritis, multiple sclerosis and other autoimmune
disorders with transplantation of MSCs have been applied in mice
models [20]. MSCs also mediate neuroprotection in a variety of
neurodegeneration and nervous system injury models, as Parkinson
disease and neuropathic pain. Recently, stromal cell therapy provides
cellular therapy for neurodegenerative diseases including Parkinsons’
Disease (PD), Huntington's disease (HD), Alzheimer's and
amyotrophic lateral sclerosis (ALS). The key mechanism underlying in
neurodegenerative diseases is the loss of structure, function or number
of neurons [21]. Today, researchers suggest that human bone marrow-
derived cells SB623 cells which secrete glial cell line-derived
neurotrophic factor can regenerate host strial dopaminergic fibers and
dopaminergic-dependent behavioral recovery in the rat model of
Parkinson’s disease [22]. Lateral cerebral ventricle microinjection of
human MSCs decreased pain-like behaviors, such as mechanical
allodynia and thermal hyperalgesia, in neuropathic mice injured sciatic
nerve [23]. Transplantation of rat BMSCs into hind limb skeletal
muscles of rats alleviated algesia in rats with streptozotocin-induced
diabetes [24]. The fact that the MSCs have the neuro-protection effect,
stromal cell therapy seems one of the new therapeutical approaches for
the treatment of NP. Taken together, MSCs may be uncourageous cell
source for the treatment of cold allodynia and neuropathic pain,
because of their secretion of anti-inflammatory mediators such as
TGF-β, PGE2 and IDO.

In the present study, we aimed to research the effect of local
administration of rBMSCs to sciatic nerves of chronic constructive
injury rat model on cold allodynia and sciatic functions in rats.

Materials and Methods

Animals and study design
Male Wistar albino (WA) rats were obtained from TUBITAK (The

Scientific and Technological Research Council of Turkey) at 6 weeks of
age. All rats were housed in separate cages under the stable
temperature at 22°C ± 2°C and on a 12 h light/dark cycle, and were
supplied standard laboratory rat chow with water ad libitum. Rats
weighing 160 and 220 g were used for a model for neuropathic pain.
All experimental protocols were carried according to the Regulations
for Animal Experiments in Marmara University and were approved by
Laboratory Animals Ethics Committee of Marmara University. Rats
were divided into three groups as CCI group, CCI+MSC group, and
Sham-operated group (n=6 per group) (Figure 1).

Figure 1: Neuropathic pain injury model was performed on day 0
and rBMSCs were locally applied into the open wound around the
sciatic nerve on day 0. Thermal sensitivity and motor function
testing were performed on day 1, 2 and on week 1, 2, 3 and 4.

Isolation and characterization of rBMSCs
Experiments were performed as the protocol described [25]. Briefly,

rats were anesthetized with ketamin 10% and rompun 10% (4:1 v/v,
total volume: 1 ml) and sacrificed. Both ends of femurs and tibiae were
cut off from epiphysis by scissors and marrow was excised in order to
obtain MSCs. Bone marrow was flushed with complete culture media
containing DMEM supplemented with 10% FBS, 1% Penicillin/
Streptomycin (Gibco Invitrogen, Life Technologies, Paisley, UK). The
supernatant containing thrombocytes and erythrocytes were
discarded, and the cell pellet was resuspended in complete culture
media. The cells were seeded in plastic tissue culture flasks and
incubated for 3 days at 37 °C in a humidified atmosphere containing
5% CO2. After the incubation period, non-adherent cells were
removed by changing medium. The culture medium was changed three
times a week until cells reached 80% confluency. MSCs were washed
with Ca2+-Mg2+ free phosphate buffered solution (PBS; Gibco
Invitrogen) and were passaged using 0.25% trypsin-EDTA solution
(Gibco, Invitrogen) incubation period for 3 minutes at 37 °C and the
enzyme activity was ended by adding 5 ml of MEM. The cell numbers
were calculated by the hemocytometer and subjected to flow cytometry
analysis. Surface markers of rBMSCs were analyzed with antibodies
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against the following rat antigens: positive markers CD29 (APC),
CD105 (FITC), CD73 (PE) and CD90 (PE), and negative markers
CD20 (APC), CD14 (PE) and CD34 (FITC). All of the antibodies were
supplied by Becton Dickinson (BD Biosciences, San Diego, USA). Flow
cytometry was performed by using FACS Calibur (BD Biosciences).
The data were analyzed with Cell Quest software (BD Biosciences).

In vitro differentiation of rBMSCs
In order to determine the multipotency of isolated bone marrow

mesenchymal stem cells, rBMSCs were harvested in the third passage
and divided into three groups: adipogenic, osteogenic and neurogenic
differentiation protocols were performed as described previously [26].
DMEM supplemented with 10% FBS, 1% Penicillin/Streptomycin were
added to each group and incubated for 2 days for confluency. After the
incubation period, the cells were washed three times with phosphate
buffer solution, and the medium was changed separately for each
group. For adipogenic differentiation of MSCs were induced by adding
standard culture media with supplementations (0.5 mM isobutyl-
methylxanthine, 10-6M dexamethasone, 10 μg/ml insulin, 200 μM
indomethacin) for two weeks. For osteogenic differentiation, the cells
were incubated in osteogenic differentiation medium (standard culture
media supplemented with 100 nM dexamethasone, 0.05 mΜ
ascorbate-2-phosphate, 10 mm β-glycerophosphate) for two weeks.
The medium was changed every 3 days. Neurogenic differentiation was
performed by incubating cells in culture medium supplemented with
10 ng/ml basic fibroblast growth factor, 10 ng/ml epidermal growth
factor, 10 ng/ml Brain-derived neurotrophic factor, 0.5 mM
isobutylmethylxanthine for 24-72 h. After incubation period oil red
staining protocol was performed for adipogenic differentiation,
alizarin red staining protocol for osteogenic differentiation and Nissle
staining for evaluation of neurogenic differentiation potential.

Labeling mesenchymal stromal cells with GFP vector
rBMSCs labeled with pGFP vector prior to application to visualize

the migration of these cells in the tissue. pGFP (Clontech, Palo Alto,
CA, USA), was transfected by electroporation (Neon Transfection
System, Invitrogen, Carlsbad, CA, USA) with respect to the
instructions provided by the manufacturer. The transformed cells were
cultured in 2 ml DMEM-medium with 10% FBS, and without
antibiotics. After 48 h of incubation, the cells were continued culturing
with fresh medium MEM, 10% FBS and 1% Ampicillin. Culture
medium was changed three times a week until cells reach 70-80%
confluency.

Immunohystochemistry
Two rats were randomly selected from CCI+MSC group on the

second week for the observation of rBMSCs homing in the sciatic
nerve tissue. Rats were sacrified and injured area of the sciatic nerve
was removed for paraffin embedding. Paraffin sections were stained
with anti-GFP antibody. Staining protocol was performed as described
previously [27]. Briefly, to detect the localization of rBMSCs two weeks
after stem cells application, the left sciatic nerve area was removed for
staining with anti-GFP antibody. Tissue samples were fixed in formalin
(10%, pH 7.0-7.6) for 24 h, and embedded in paraffin. Transversal
sections in 4 μm thickness were taken. Slides were deparaffinized with
xylene for 5 min and rehydrated in a series of graded alcohol solutions.
Sections were antigen retrieved using a steamer-citrate buffer antigen
retrieval method. The sections were incubated in the mixture of

primary antibody against GFP (SC-9996 or SC-5385) and were
mounted with mounting medium containing DAPI (Santa Cruz).

Neuropathic pain injury model and transplantation of
rBMSCs

In the present study, peripheral mononeuropathy was developed as
the protocol described [28]. Procedures were carried out under
pentobarbital anesthesia (50 mg/kg body weight in intraperitoneally).
Skin incision extended from the left sciatic notch to the distal thigh
and the sciatic nerve was exposed in left hind limb through a muscle-
splitting incision. A chronic constrictive injury (CCI) was created by
four ligations done with 4 chromatic gut sutures (4-0) that were tied
loosely with square knots around the left sciatic nerve. A brief twitch in
the muscle surrounding the exposure served as an indicator of the
desired degree of constriction. The right sciatic nerve was mobilized.
CCI group received 500 μl of PBS into the tissue in the open wound
around the sciatic nerve. Sham surgical controls received 500 μl of PBS
surrounding tissue without ligations. In CCI+MSC group, rBMSCs (2
× 105 cells/500 μl PBS) in each rat was locally applied into the tissue in
the open wound around the sciatic nerve. Incisions were closed layer-
to-layer with 3-0 silk sutures. The rats were allowed to recover from
anesthesia. After surgery, the animals were individually maintained in
disinfected plastic cages with solid floors covered with sawdust (Figure
2).

Figure 2: Neuropathic pain model. A) Femoral muscle incision and
expanding sciatic nerve. B) Sciatic nerve ligation; Chronic
constrictive injury (CCI) was performed by four ligations with 4
chromatic gut sutures (4-0) around the left sciatic nerve. C) Ligated
sciatic nerve.

Behavioral testing
Thermal sensitivity of the sciatic nerve was assessed under forcing

conditions. On day 1 and 2, and 1st, 2nd, 3rd and 4th weeks after
injury, we analyzed the degree of and thermal allodynia. Baseline
behavioral tests were carried out before the injury. Animals were
habituated to the test environment before any measurements were
taken. Cold allodynia was evaluated by using a cold plate. The animals
were placed in a glass cage (18 × 28 × 13 cm) with a metal floor that
was either chilled by ice bucket. For 15 minutes session, the time was
recorded during which the animal held either hind paw above the floor
while animal sitting or standing (cumulative time) and the numbers of
their paw withdrawal were counted.

Functional assessment
WA rats were evaluated by walking track analysis preoperatively and

on day 1 and 2, and 1st, 2nd, 3rd and 4th weeks after injury. Rats were
tested in a glass walking pathway (50 cm × 10 cm × 8 cm) with a
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mirror (50 cm × 10 cm) placed underneath the apparatus at an angle of
45°. When the animals stopped, at the end of the corridor, three photos
were acquired with Sony camera that was placed 1 meter away from
apparatus. All images were obtained in the same conditions [28].
Several measurements were taken from footprints: (1) the distance
between the third toe and the heel (PL-The Print Length), (2) the first
and the fifth toe (TS-The Toe Spread), and the second and the fourth
toe (ITS-The Intermediary Toe Spread). All three measurements were
taken from injured (E-Experimental) and uninjured (N-Normal) side.
The SFI was calculated as follows: SFI=-38.3 × (EPL-NPL)/NPL+109.5
× (ETS-NTS)/NTS+13.3 × (EITS-NITS)/NITS-8.8. The SFI oscillates
around 0 for normal nerve function and around -100 represents total
dysfunction.

Statistical analyses
All experiments have executed a minimum of three times. All data

presented as a mean ± standard error. All statistical analyses were
performed using SPSS 17. Differences between groups were regarded
as statistically significant when p<0.05.

Results

Isolation, characterization, and differentiation of rBMSCs
WA rat bone marrow was flushed out from femur and tibiae with

culture medium. The suspension was cultured in T25 culture plates
and on the third passage cells were analyzed for the positive and
negative markers via flow cytometry. The cultured cells were all
spindle-shaped and large round nucleus and corresponding with the
morphology of bone marrow stromal cells (Figure 3A). Flow cytometer
analyses confirmed that the cell populations were consistent with bone
marrow MSCs (Figure 3B). The cell surface expression of bone marrow
MSCs were positive for CD29, CD73, CD90, CD105 and negative for
CD14, CD34, and CD20. MSCs were incubated separately with
osteogenic, adipogenic and neurogenic differentiation media in order
to observe the multipotency. MSCs were differentiated into adipogenic,
osteogenic (Figure 3C) and neuronal cell lineages as observed with
positively stained specific cell types (Figure 3D).

rBMSCs located in sciatic nerve tissue after injury
rBMSCs were labeled with pGFP vector to follow-up whether MSC

was located in the damaged area of the sciatic nerve. Rats were
sacrificed at week 2 and GFP-labeled rBMSCs illustrated with
immunohistochemistry studies that MSCs transferred to the injured
area of sciatic nerve were permanent (Figures 4A and 4B). This data
suggest that MSCs are located at damaged nerve area and these cells
may contribute the improvement of cold allodynia and motor function.

Local administration of rBMSCs reduced number of paw
withdrawal
Thermal sensitivity was evaluated during 28 days after sham and NP

surgery. Paw withdrawal of rats in all groups were observed in cold
plate test. The number of paw withdrawal was increased in CCI group
which shows one of the symptoms of sciatic nerve injury. The number
of paw withdrawal was significantly reduced in CCI+MSC group
compared to CCI group at week 2 (p<0.05). There was no difference
between CCI+MSC group and sham group on the paw withdrawal
number statistically (p>0.05).

Figure 3: rBMSCs isolation. A) Isolation of rBMSCs and fibroblast
like cells observed on passages 0, 1, 2 and 3. B) Characterization of
rBMSCs on the third passage. rBMSCs expressed positive markers
of MSCs (CD29, CD73, CD90 and CD105) and lack the expression
of negative markers. C) Differentiation of rBMSCs for osteogenic
and adipogenic lineages. Arrows show calcium phosphate deposits
in light red to orange color with Alizarin red and oil droplets
stained red-violet with oil red O staining. D) Expression of neural
markers by rBMSCs after differentiation. Differentiated cells
showed positive staining of Nestin (green) and C-fos (red) (DAPI:
Blue; Scale bars: 50 µm).

Figure 4: Immunohystochemical staining of pathological sections of
sciatic nerve in rats. A) GFP labeled rBMSCs were migrated to the
injured area. B) In the control section no migration of rBMSCs was
observed to the sciatic nerve area.
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The number of paw withdrawal progressively increased from week 2
in CCI+MSC group. There was no statistical significance on the
number of paw withdrawal between groups CCI+MSC and CCI on
week 4 (p>0.05). And also our results show that at the end of week 4
number of paw withdrawal in sham group was lower compared to CCI
+MSC and CCI groups (Figure 5).

Figure 5: Thermal sensitivity test. CCI model had increasing pain
after injury, MSC applied group had resolution of pain at week 1
and 2. The number of paw withdrawal on the cold plate was
significantly decreased in MSC applied group on week 1 and week 2
(p<0.05).

Local administration of rBMSCs improved the motor
function of sciatic nerve in CCI model

To assess the efficacy of rBMSCs therapy on functional
improvement after sciatic nerve injury, rats were evaluated by walking
tract analysis. After the injury, the mean motor function index (MFI)
was decreased to -82 in CCI+MSC group and -90.3 in CCI group on
day 1 due to loss of sciatic nerve function. There was statistically
significant difference on MFI in MSC applied CCI group compared to
only CCI group on week 2 (p<0.05). There was a decrease in MFI in
MSC applied to group and no significant difference between CCI
group on week 4 (p>0.05) (Figure 6).

Figure 6: Motor function. The improvement of motor function
existed in CCI+MSC group and CCI group. There was significant
difference between CCI+MSC group and CCI group (p<0.05) but
there was no difference between sham operated group at week 2
(p>0.05).

Discussion
Neuropathic pain is caused by damage or disease affecting

the somatosensory nervous system. Neuropathic pain may be
associated with abnormal sensations or pain from normally non-
painful stimuli (allodynia). It may have continuous or paroxysmal
components. Common suffering in patients includes burning or
coldness, sensations, and itching [29].

Neuropathic pain affects 7-8% of the European population and 5%
of these cases are severe [30]. Neuropathic pain may be classified as
peripheral neuropathic pain, central neuropathic pain or mixed
(peripheral and central) neuropathic pain and can be very difficult to
treat with only some 40-60% of people achieving partial relief [31].

Current treatments for neuropathic pain include antidepressants,
anticonvulsants, topical lidocaine and opioid analgesics [32]. In this
study, we focused on the therapeutic efficacy of bone marrow MSCs on
neuropathic pain as a new approach.

The use of mesenchymal stromal cells as a therapeutic strategy is a
current approach due to the reported safety in transplantation and
efficacy in a range of conditions [33]. There are various MSC sources
which were used to treat numerous diseases. The adipose tissue-
derived MSCs have a range of benefits for the treatment of
autoimmune diseases [34]. In our previous study, it was shown that
dental derived MSCs have immunosuppressive effects on the
inflammatory response of immune system cells [35]. The safety of
autologous MSC administration as a cellular therapy is well-
established and accepted in human studies [33,36]. Local
transplantation of rBMSCs to an experimental model of neuropathic
pain showed a selective migration from the lesion to dorsal root
ganglions [37]. In another study, dental derived MSC treatment
showed beneficial effects with the suppression of innate immune
system cells in an inflammatory disease myasthenia gravis in mice
[38].

Therapeutical benefits of MSCs administration on neuropathic pain
models depends on numerous factors, such as cell sources, the number
of cells and administration way (local or systemic) [39]. The efficacy of
the treatment changes with the administration time and repeats of
application of MSCs during an injury [40].

In the present study, we focused on bone marrow-derived MSCs for
the ability to migrate into the injured area. Flow cytometry analyses
indicated that rBMSCs of this study were positive for CD29, CD73,
CD90 and CD105 and negative for CD14, CD34 and CD20 cell surface
markers associated with lymphohematopoietic cells. Therefore, it was
proved that there were no hematopoietic precursors in the cultures.
Additionally, the expression of surface markers of cultured cells was
indicating that the cells used in this study had the characteristics of
MSCs. Additionally, rBMSCs were differentiated to adipogenic,
osteogenic and neurogenic lineages. The present study demonstrated
that the GFP-labeled cells survived in the sciatic nerve-injured area.
rBMSCs were observed around the injured area and had selective
migration. rBMSCs were located and serve for sciatic nerve
reconstruction. At the same time, immunohistochemistry staining
results supported consistently localization of MSCs applied after injury.
These results sustained that there is a correlation between cell viability
and migration of MSCs towards the injured area and serve for
functional improvement. Besides, there was a significant reduction in
the injured area in the rats receiving rBMSCs when compared with
CCI group and sham group, after 2 weeks. Our results revealed that
CCI group that received rBMSCs showed improvement in recovery of
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injury compared with only CCI group. The results of walking tract
analysis and cold plate test support the efficacy of rBMSCs therapy on
functional improvement after sciatic nerve injury. Results showed that
rats with CCI model had increasing pain after injury, rBMSC received
group had a reduction of pain at week 1 and 2. However, pain was
progressively increased from week 2 to 4. This result showed that single
MSC administration controlled and decreased pain symptoms in short
term follow-up. We thought that local administration of rBMSCs
should be repeated at the end of week 2 to get optimum improvement.

Conclusion
The present study showed that transplantation of rBMSCs into the

injured sciatic nerve enhances the damaged neural tissue and improves
locomotor recovery. Transplantation of BMSCs might be an effective
strategy to improve functional outcomes following traumatic injuries
to the sciatic nerve. We conclude that stromal cell transplantation
could be a useful therapeutic tool in the future of regenerative
medicine. Further studies might be performed with different types of
MSCs that have the potential to differentiate into neuronal cells.
Clinical trials with BMSCs in traumatic sciatic nerve injury might be
started since the prosperous results of applications of rBMSCs in
experimental models reveal effective for its therapeutic use in injuries
of the sciatic nerve.
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