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Background and Objectives: Maintaining a permissive microenvironment is essential for adequate nerve regeneration. 
Cell-based therapy has the potential based cell replacement and promotion of axonal growth. The adipose tissue derived 
mesenchymal stromal cells (Ad-MSC) attract interest because neuroregenerative and anti-inflammatory properties. The 
aim of this study was to evaluate the effects of canine and murine Ad-MSC transplantation on the sciatic nerve 
regeneration. 
Methods: Forty Wistar rats were divided randomly into: control group - CG (n=8); denervated group - DG (n=8); 
decellularized vein group - VG (n=8); decellularized vein＋canine MSC–cMSC (n=8); descellularized vein＋murine 
MSC–mMSC (n=8). After 10-mm nerve gap, the tubulation technique was performed with decellularized vein filled 
with 106 MSC labeled with quantum dots (Qtracker 665Ⓡ). The sciatic nerve functional index (SFI) and electroneuro-
myography (ENMG) measurements were carried and morphometric and immunohistochemistry analysis of the tissue. 
Results: The SFI values were higher in the cMSC and mMSC groups at day 27 (p＜0.020) and day 35 (p＜0.011). 
The ENMG analysis also revealed better results in the mMSC group. Density, number, and total area of the fibers 
were increased in the mMSC and cMSC groups. Brain-derived neurotrophic factor BDNF and S-100 protein positive 
immunoreactivity showed a higher expression for both in the nerve of the mMSC and cMSC groups. The MSC labeled 
with quantum dots were detected at day 35, indicating neuronal survival long after the nerve damage.
Conclusions: Murine and canine Ad-MSC associated with decellularized vein scaffold had positive effects on sciatic 
nerve regeneration in rats. 
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Introduction 

  After complete nerve transection, a process of axonal de-
generation characterized by myelin fragmentation and 
separation occurs (1), which typically results in poor and 
incomplete recovery of functionality. Although the periph-
eral nervous system is capable of regeneration after injury, 
severe lesions prevent the direct reconnection of nerve 
stumps. Nerve autograft is considered the gold standard 
technique in treating nerve injuries, but it presents a few 
disadvantages including injury to the donor nerve and is-
sues with re-innervation and poor vascularization. Main-
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taining a permissive environment in the nerve after injury 
is crucial to stimulate neuroregeneration (2, 3). In order 
to repair nerve injury, tubulation techniques aim to guide 
fibers sprouting, supply extracellular matrix molecules, 
neurotrophic factors and cells, thus creating a micro-
environment for regeneration (3, 4). There are many tubu-
lation techniques, which use several different tissue-en-
gineered scaffolds, such as collagen, polycaprolactone, pol-
yglycolic acid, silicone, laminin, and arteries, veins, and 
muscle fibers (5-9). 
  Cell-based therapies, especially the ones utilizing mes-
enchymal stromal cells (MSC), have become the focus of 
attention for the treatment of nerve injury, owing to their 
positive effects in the regeneration process (7, 8, 10-14).
  Several studies have shown that the MSC trans-
plantation in nerve injury promotes the replacement and 
fusion with the damaged Schwann cells, leading to 
remyelination. Moreover, it provides paracrine effects am-
plifying the production of neurotrophic factors and con-
tributing to axonal protection; it also releases growth fac-
tors, has immunomodulatory and anti-inflammatory ef-
fects, provides physical support for axonal growth, and 
aids energy production for axonal metabolism (6, 10, 11, 15).
  In this context, the purpose of this study was to inves-
tigate and compare the neuroregenerative effects of com-
bined use of decellularized vein containing murine and ca-
nine adipose-derived mesenchymal stromal cells (Ad-MSC) 
on a 10-mm sciatic nerve gap in a rat model. 
  Our hypothesis is that the combined use of decellular-
ized vein with Ad-MSC in transected nerves stimulates 
axonal regeneration, improving the functional, electro-
physiological, and morphological aspects.

Materials and Methods

Experimental animals
  Forty Wistar rats were used in this study, 20 males and 
20 females, weighing between 200 and 300 g, with a mean 
age of 90 days. They were maintained under controlled 
temperature, humidity and light conditions, receiving 
water and food "ad libitum". All procedures were appro-
ved by the ethics committee for animal research (CEUA), 
from Botucatu Medical School/UNESP, Brazil (protocol 
FMB-PE-2/2015).

Experimental design
  In order to observe the effects of the tubulation techni-
que with both canine and murine MSC after neurotmesis, 
we randomly allocated the rats into five groups. Group 1 - 
normal control group (CG) (n=8); received only the nerve 

sciatic posterior approach. Group 2 - denervation control 
(DG) (n=8); received the sciatic nerve posterior approach 
and the nerve was denervated. Group 3 - decellularized 
vein (GV) (n=8); surgical procedure was performed to 
prepare for tubulation of the injured nerve with a conduit 
whose lumen was filled with HBSS solution. Group 4 - 
vein＋canine mesenchymal stromal cells transplantation 
(cMSC) (n=8); surgical procedure was performed to pre-
pare for tubulation of the injured nerve with a conduit 
whose lumen was filled with suspension containing cMSC. 
Group 5 - Vein＋murine mesenchymal stromal cells trans-
plantation (mMSC) (n=8); surgical procedure was per-
formed to prepare for tubulation of the injured nerve with 
a conduit whose lumen was filled with suspension contain-
ing mMSC.
  The sciatic nerve functional index (SFI) was measured 
before surgery (pre-op), and after surgery at day 9, 18, 27 
and 35. Additionally, the sciatic nerve functionality was 
evaluated by electroneuromyography (ENMG) at the pre-sur-
gery and at day 35 post-surgery. Rats were euthanized at 
day 35 post-surgery, and the sciatic nerves were isolated 
in order to perform immunohistochemistry and morpho-
metric studies. The weight of the tibial cranial (TCM) and 
gastrocnemius muscles of both limbs were also measured. 

Tubulation technique and MSC transplantation
  The rats from the DG, VG, cMSC and mMSC groups 
received inhalation anesthesia with isoflurane, and a pos-
terior approach to the left sciatic nerve was performed in 
order to induce neurotmesis (Sunderland 5), removing 10 
mm of nerve length under surgical microscope (10, 16). 
The right sciatic nerves of all the rats were left untouched 
to be used as control for the immunohistochemistry analysis. 
The sciatic nerves of the DG group were sectioned, di-
rected 90o and sutured to the adjacent muscle to avoid 
reinnervation. The VG, cMSC and mMSC groups under-
went the tubulation technique using the decellularized 
vein scaffold, previously prepared according to established 
protocols (17). The vein was fixed with perineural suture, 
using the polypropylene 7/0 (Ethicon, Somerville, USA), 
between the proximal and distal stumps, inserting the 
stumps 2 mm into the vein.
  The vein lumens of the VG group were filled with 13 
μL of HBSS buffer (Hank's balanced salt solution, GibcoⓇ 
HBSS, Thermo Fisher Scientific, São Paulo, Brazil) using 
a Hamilton microsyringe. The lumens of the veins for the 
mMSC and cMSC groups were filled with 13 μL of sol-
ution containing 106 cells labeled with the nanocrystal 
QtrackerⓇ 655 (Life Technologies Corporation, Carlsbad, 
USA), according to the manufacturer's protocol, and mi-
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Fig. 1. Surface markers expression in the canine Ad-MSC. The white area indicates the negative control of the respective marker and the 
green area represents the sample tested.

croencapsulated into the platelet gel activated with cal-
cium gluconate (40 mM, 1 μL) and thrombin (50 U/cc, 
2 μL). For gel platelet preparation, samples of whole 
blood were collected in tubes with citrate phosphate dex-
trose anticoagulant in 1:10 proportion, according to estab-
lished protocols (18). 
  After surgery, the animals were treated with non-ster-
oidal anti-inflammatories, opioid analgesics, and antibiotics.

Isolation and characterization of the Ad-MSC
  Canine and murine Ad-MSC were isolated from sub-
cutaneous adipose tissue, dissociated enzymatically with 
collagenase type 1 (0.04%) (Sigma-Aldrich, Saint Louis, 
USA), and separated by centrifugation and filtration. The 
cells were re-suspended in 90% Dulbecco's Modified Eagle 
Medium (DMEM) high glucose, 10% fetal bovine serum 
(FBS), 1% penicillin/streptomycin (10,000 U/mL), ampho-
tericin B 1.2% (3 mg/mL) (Invitrogen, São Paulo, Brazil), 
0.005% amikacin (250 mg/mL) (Novafarma, Anapolis, 
Brazil) and cultivated in flasks. Cells were trypsinized 
(trypsin, 0.25%, Invitrogen, São Paulo, Brazil) when they 
reached 80% confluence, according to previously pub-
lished protocols (17).
  The canine and murine MSC were analyzed by the BD 
FACSCalibur flow cytometer (Becton Dickinson Company, 
San Jose, USA). The mMCS were evaluated for the ex-
pression of the following positive surface markers: CD 
90-PERCP anti rat (Becton Dickinson CompanyTM), 
CD44-FITC anti rat (Becton Dickinson CompanyTM), and 
negative ones: CD11b-APC (Becton Dickinson CompanyTM), 
CD31-PE anti rat (Becton Dickinson CompanyTM), and 
CD45-PE anti rat (Pharmingen). The cMSC were eval-
uated for the expression of the following positive surface 
markers: CD44 rat anti-mouse (Sigma-Aldrich), CD90-FITC 
mouse anti-human (Becton Dickinson CompanyTM), and 
CD105 mouse anti-human (AbcamTM), and of the follow-
ing negatives: CD34-FITC mouse anti-human (Becton 
Dickinson CompanyTM), and CD45 rat anti-dog (abd 
SerotecTM). Aliquots of cells were incubated with anti-
bodies following the manufacturer protocols. The canine 

and murine samples contained 2×105 and 1×105 cells/mL, 
respectively. Data were evaluated in the Cell Quest Pro 
software (Becton Dickinson Company, San Jose, USA).
  The canine and murine Ad-MSC showed plastic adher-
ence, fibroblast morphology, differentiation for the adipo-
genic, chondrogenic and osteogenic lineages, and surface 
marker expression by flow cytometer for CD34−, CD45−, 
CD44＋, CD90＋, and CD105− for canine Ad-MSC (Fig. 
1), and CD11b−, CD31−, CD45−, CD44＋, and CD90＋ 

for murine Ad-MSC.

Cell viability
  The transplanted murine and canine Ad-MSC had 70∼
80% cell viability, as assessed by 0.3% trypan blue ex-
clusion test, immediately prior to transplantation. The re-
sult was expressed as a percentage of viable cells according 
to the formula: Viability (%)=cells stained (viable)×100/total 
cells (stained＋unstained). 

Sciatic Functional Index (SFI)
  The SFI was measured at day 9, 18, 27, and 35 after 
surgery in the CG, DG, VG, cMSC, and mMSC groups. 
The hindlimbs of each animal were dipped in Indian 
black ink and the animals were tested in a confined walk-
way measuring 78×9 cm, on a white paper where the foot-
prints were taken. Several measurements were obtained 
from the footprints: (i) distance from the heel to the third 
toe, the print length (PL); (ii) distance from the first to 
the fifth toe, the toe spread (TS); and (iii) distance from 
the second to the fourth toe, the intermediary toe spread 
(ITS). These parameters were measured for both normal 
(N) and experimental (E) feet. The SFI were analyzed fol-
lowing the equation: −38.3 ([EPL−NPL]/NPL)＋109.5 
([ETS−NTS]/NTS)＋13.3 ([EIT−NIT]/NIT) −8.8 ac-
cording to (19). A SFI value of −100 means total trans-
ection, while a SFI value of 0 means normal function. 

Electroneuromyography (ENMG)
  Nerve signal latency (m/s) and amplitude (mV) were 
measured in the CG, DG, VG, cMSC, and mMSC groups 
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Fig. 2. Graph representing the typical footprint obtained from a nor-
mal animal with their respective variables and gait assessment. The 
effect of MSC transplant on the nerve sciatic function was de-
termined in CG (n=7), DG (n=7), VG (n=7), cMSC (n=7), mMSC 
(n=7) on 9, 18, 27 and 35 days after surgery (1∼4 weeks). *Diffe-
rence among the groups (p＜0.05 tested by repeated measures 
Friedman).

immediately before the experimental neurotmeses and at 
day 35 after the procedure. An active surface electrode 
(black) and a reference electrode (red) were placed in the 
center and near the insertion of the left cranial tibial mus-
cle tendon, respectively. Furthermore, a dispersive elec-
trode (green) was located in the ventral abdominal region. 
A bipolar stimulation electrode was positioned in the 
proximal stump of the sciatic nerve. A Sapphire II 4ME 
instrument (Teca Medelec, USA) was used; the intensity 
ranges of stimulation and filter were 10∼20 mA and 20∼
2,000 Hz. 

Morphological study
  Morphological analysis to measure the number and den-
sity of nerve fibers and the total nerve diameter, were per-
formed at day 35 after surgery in the CG, DG, VG, cMSC, 
and mMSC groups. The animals were humanely sacrificed 
to dissect the sciatic nerve. Additionally, samples were col-
lected of the left (atrophy) and right (normal) hind limb 
muscles (cranial tibial and gastrocnemius) to compare 
their weight. Samples of the distal portion of the sciatic 
nerves were fixed in 10% buffered formalin for 48 h, in-
cluded in paraffin, and semi-thin sections (5 μm) were 
cut and stained with osmium tetroxide 1%. The images 
were obtained using an inverted light microscope (DM 
4000 B∼F; Leica Microsystems, Wetzlar, Germany).
  The number of nerve fibers (N), their density (N/mm2), 
and the total nerve diameter (μm2) were measured ob-
taining four fields in each slide with 1000× magnification 
for analysis using ImageJ software (National Institute of 
Health, USA) according to previously described protocols 
(20).
  Fragments of the central portion of the sciatic nerve in 
the cMSC and mMSC groups were collected for tracking 
the cells labeled. Samples were included in OCT (Optimal 
critical temperature), followed by slicing into 10-μm 
thickness sections, in a cryostat (CM-1850 model; Leica 
Microsystems) and analyzed with a fluorescence micro-
scope (DM LB, Leica Microsystens) with a wavelength of 
655 nm at magnification 10× and 40×.

Immunohistochemistry (IHC)
  Brain-derived neurotrophic factor (BDNF) and S-100 
protein expression in the sciatic nerve were measured at 
day 35 after surgery in the CG, DG, VG, cMSC, and 
mMSC groups. HiDefTM HRP polymer system (Cell 
MarqueⓇ) was used with diaminobenzidine as chromogen, 
using their positive and negative controls. The antibodies 
anti-S100 (Sigma-Aldrich; dilution 1:1000) and an-
ti-BDNF (Abcam; 1:500 dilution) were used. The intensity 

of the immunohistochemical reaction was quantified using 
the ImageJ software (National Institutes of Health, USA) 
as previously described (21). 

Statistical analysis
  All variables were analyzed independently for the nor-
mal distributions. Means (parametric) or medians (non-pa-
rametric) were compared among groups and moments. 
Wilcoxon test for paired and Friedman test for repeated 
measures were used. Non-repeated and unpaired measures 
were analyzed with Mann-Whitney and Kruskal Wallis 
tests, respectively (GraphPad Prism version 5.01 for 
Windows, San Diego, California, USA). p values of less 
than 0.05 were considered statistically significant. 

Results

Sciatic Functional Index (SFI)
  No significant differences in the SFI among the ex-
perimental groups at day 9, 18, and 27 (p＞0.05) were 
found, although the mMSC group showed median values 
closer to those of the CG. However, at day 35, significant 
differences were observed between the mMSC (−53.58) 
group and the DG (−90.00), VG (−86.73), and cMSC 
(−86.60) groups (p＜0.05) (Fig. 2).

Electroneuromyography (ENMG)
  Latency: The mean latency values for the nerve signal 
in both DG and VG groups at day 0 were 1.73 m/s. At 
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Fig. 4. Graphs representing the density of nerve fibers (A) and the total number of fibers (B). Groups CG (n=7), DG (n=7), VG (n=7), 
cMSC (n=7) and mMSC (n=7), at the end time of the experiment (35 days). *Difference among the groups (p＜0.05).

Fig. 3. Graph depicting the distal amplitude of the experimental groups on day 0 before the experimental procedures and day 35 after 
repair of the left sciatic nerve. The effect of MSC transplantation on the sciatic nerve on ENMG was determined in DG (n=7) CG (n=7), 
VG (n=7), cMSC (n=7), mMSC (n=7). *Difference among the groups (p＜0.05).

day 35, the latency was not obtained due to a complete 
absence of electrical conduction of the sciatic nerve, in-
dicating neurotmesis. 
  The mean latency values for the nerve signal in the 
cMSC group at days 0 and 35 were 1.75 m/s and 3.1 m/s 
(p＜0.05) respectively. The mean latency values for the 
nerve signal in the cMSC groups at 0 and 35 were 1.61 
m/s and 1.73 m/s (p＞0.05), respectively. These results 
showed that the mMSC latency remained closer to control 
values.
  Amplitude: The median amplitude values for the nerve 
signal in the DG and VG groups at days 0 and 35 were 
15.03 mV and 0.0 mV (p＜0.05), and 16.95 mV and 0.0 
mV (p＜0.05), respectively. This strongly suggests that 
there were no myelinated fibers reaching the muscle. 

  The mean amplitude values for the nerve signal in the 
cMSC and mMSC groups at days 0 and 35 were 16.95 mV 
and 3.23 mV (p＜0.05), and 17.45 mV and 9.76 mV (p＜0.05), 
respectively.
  When the mean amplitude values were compared 
among the experimental groups at day 35, significant dif-
ferences were observed among the mMSC (9.76 mV) and 
DG (0.00 mV), VG (0.00 mV), and cMSC (3.23 mV) groups, 
suggesting that the mMSC group maintained the ampli-
tude closer to the control (pre-op) values (Fig. 3).
  Morphological study: The mean values of the density and 
number of nerve fibers at day 35 were 2.2±0.71/mm2, 431.5 
for DG; 3.65±2.65/mm2, 1,353 for VG; 4.8±1.97/mm2, 2,802 
for cMSC; 2.43±0.29/mm2, 1,499 for mMSC, respectively. 
The difference in number of fibers between the DG and 
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Fig. 5. Panoramic and zoom of the distal portion of the sciatic nerve injured in the CG (A, B, C), DG (D, E, F), VG (G, H, I) cMSC 
(J, K, L) mMSC (M, N, O) groups, showing the overall diameter nerve fibers (A, D, G, J, M, magnification 10×), axon density (B, E, 
H, K, N, magnification, 100×) and positive S-100 expression (C, F, I, L, O, magnification 40×). The persistence of labeled Ad-MSC was 
observed in the proximal portion of the sciatic nerve in the cMSC group (P, Q, magnification 10×). The arrows represent the cMSC. 
In the demarcated region is observed cMSC concentration, mainly in the proximal region (Q). Note the cell migration to the distal stump 
(arrows). cMSC migrating to the proximal region (arrowhead).



Diego Noe Rodriguez Sanchez, et al: Effects of Canine and Murine Mesenchymal Stromal Cell Transplantation on Peripheral Nerve Regeneration  89

cMSC groups was statistically significant (p＜0.05) (Fig. 4).
  The mean values of the total area of nerve fibers at day 
35, were 270,322±184,780 μm2 for DG; 437,706±164,532 μm2 
for VG; 629,692±105,336 μm2 for cMSC, 600,477±53,063 μm2 
for mMSC, respectively. The difference in total area of 
nerve fibers for the cMSC and mMSC groups compared 
to the DG group was statistically significant (p＜0.05).
  Morphological analysis of the sciatic nerves revealed 
mononuclear cells infiltrates and axonal degeneration in 
all experimental groups, characterized by the presence of 
myelin breakdown and disintegration, digestion chambers, 
Schwann cells proliferation, compartmentalization, mini 
fascicles degeneration surrounded by perineurium, and 
greater invasion with connective tissue, thus losing the ar-
chitecture of a healthy nerve. However, improvements in 
some morphological aspects, including axonal sprouting 
and presence of myelinated fibers, were observed at the 
distal portion of the sciatic nerve injured in the VG, 
cMSC, mMSC groups, when compared with DG group 
(Fig. 5).
  The persistence of labeled Ad-MSC was observed in the 
proximal portion of the injured sciatic nerve in the cMSC 
and mMSC group, indicating the engraftment of the 
Ad-MSC in the nerves (Fig. 5).
  The weights of the left cranial tibial and gastrocnemius 
muscles at day 35 were significantly lower in all experi-
mental groups (p＜0.05), when compared with the right 
side (Table 1). However, comparing the groups, there were 
no statistically significant differences neither in the gas-
trocnemius (p＞0.05), nor in the tibial cranial muscle (p＞
0.05). 
  Immunohistochemistry: The intensity of the positive 
BDNF expression at day 35 was 0.14, 0.17, 0.32, and 0.29 
for DG, VG, cMSC, and mMSC groups, respectively. 
Statistically significant differences were observed between 
mMSC and DG (p＜0.05) (Fig. 6). The expression of S-100 
protein was higher in the cMSC and mMSC, when com-
pared to DG and VG (Fig. 5).

Discussion

  Creating an adequate microenvironment in the periph-
eral nerve after injury is crucial for the success of the neu-
roregeneration process. In this context, the cellular con-
stituents and the geometric organization of components 
and neurotrophic factors play an essential role in nerve 
repair. 
  Although Schwann cell transplantation has been shown 
to enhance the nerve regeneration process, there are limi-
tations to this approach related to the difficulties in ob- Ta
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Fig. 6. Graph representing immunohistochemistry staining with 
BDNF. DG (n=7) control group (n=7), VG (n=7), cMSC (n=7), 
mMSC (n=7) on day 35 after the repair of the left sciatic nerve. 
*Difference among the groups (p＜0.05).

taining and culturing Schwann cells (3, 22). In contrast, 
the MSCs are multipotent cells, easily obtained and cul-
tured, with self-renewal capacity, high growth rate, and 
paracrine effects (10-12). Several studies have confirmed 
the positive effects of MSCs in the peripheral nerve re-
generation process (4, 6, 10, 12, 23). Ad-MSCs have been 
used in combination with tubulation techniques, injected 
directly into the conduit with the expectation that the se-
cretion of paracrine factors, together with cell replacement 
and the physical support by the conduit, would stimulate 
nerve regeneration (3, 4, 10, 23-27). 
  SFI is a gait assessment test that analyzes the motor ac-
tivity related with pelvic limb muscles innervated by cra-
nial tibial and common peroneal nerves (16, 23, 25, 28). 
In our study, the mMSC group showed a positive effect 
on the SFI at day 35, in agreement with the results ob-
tained in the ENMG and in the morphological study. 
  The groups treated with Ad-MSCs revealed better re-
sults in the ENMG amplitude than the VG and DG 
groups, indicating that more myelinated fibers were re-
growing, generating an electrophysiological response. More-
over, the mMSC and cMSC groups maintained a latency 
value closer to that of the CG, indicating that the treat-
ment may have contributed to the remyelination of dam-
aged nerve. This statement is reinforced by the SFI results 
and by the increase in the number, area, and density of 
the nerve fibers of the distal portion of the sciatic nerve 
in the cMSC and mMSC groups, thus suggesting the pres-
ence of myelinated axonal sprouting, as reported else-
where (19, 26, 27, 29, 30). It is likely that these positive 
effects were associated with the enhancement of the micro-
environment, mediated by neurotrophic factors such as 

BDNF, secreted by Ad-MSCs. Moreover, the presence of 
MSCs labeled with nanocrystal QtrackerⓇ 655 in the 
cMSC and mMSC groups supports these findings.
  Neurotrophic factors have been shown to stimulate 
nerve regeneration in vitro and in vivo, in experimental 
models of axonotmesis and neurotmesis, thus playing a 
neuroregenerative and neuroprotective role. The neuro-
trophin family of proteins (BDNF, Nerve Growth Factor 
[NGF], Neurotrophin-3,4,5 [NT-3,4,5]) and their receptors 
(P75NTR and Trk [tropomyosin-related kinase] receptor ty-
rosine kinase) stimulate the assembly of the cytoskeletal 
components (31, 32). According to Hoke et al., 2002 and 
Fu&Gordon, 1997 (33, 34), the expression of BDNF and 
NGF receptors is upregulated a few days after nerve in-
jury, followed by downregulation at approximately 4 
weeks. In this context, the highest expression of BDNF 
observed in our study at day 35 in the cMSC and mMSC 
groups suggests that the transplanted Ad-MSC secrete 
these neurotrophins as shown in others studies (4, 30, 35).
  MSC secrete extracellular matrix components, growth 
factors, and inflammatory regulators found in soluble 
forms and exocytic vesicles (exosomes) (36). Bone mar-
row-derived MSC (BM-MSC), adipose tissue-derived MSC 
(AT-MSC), and umbilical cord-derived MSC (UC-MSC), 
all have been shown to be capable of secreting to the sur-
rounding medium neuroregulatory factors, such as NGF, 
BDNF, NT-3, NT-4/5, basic Fibroblast Growth Factor 
(bFGF), Vascular Endothelial Growth Factor (VEGF), 
Insulin-like Growth Factor (IGF), and Glial-Derived Neu-
rotrophic Factor (GDNF) (36, 37).
  Several studies have reported that MSC under appro-
priate stimulus and microenvironmental conditions can 
differentiate into Schwann-like cells (7). Moreover, an in 
vivo study has demonstrated an increase in the expression 
of the S-100 protein and p75NTR receptor in the sciatic 
nerve of rats after neurotmesis (30). Therefore, the in-
creased expression of S-100 in the cMSC and mMSC 
groups compared to that in the DG and VG groups in our 
study may be related to a possible differentiation of the 
transplanted Ad-MSC into Schwann-like cells, as well as 
to an enhancement of endogenous proliferation of Schwann 
cells mediated by paracrine effects of Ad-MSC as pre-
viously stated. 
  In the murine neurotmesis model, the functional recov-
ery starts around day 30, with the formation of mature ax-
ons and myelin sheaths reaching the threshold at 120 days 
(25). Therefore, the absence of muscle recovery in the 
MSC treated groups might be justified by an insufficient 
time to achieve complete muscle reinnervation (24). 
  In general, neurotmesis of 10-mm nerve gap produces 
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minimal or no functional recovery in rats (3). However, 
several studies using MSC-based therapy showed positive 
effects in the sciatic nerve regeneration 6 to 12 weeks after 
neurotmesis varying from 3-to-10–mm nerve gap (6, 8, 23, 
24, 26, 38-40). Our results are in accordance with these 
findings, indicating that after a neurotmesis of 10 mm, the 
nerve regeneration is enhanced by MSC transplantation, 
even in a short period of 35 days.
  No morphological differences were observed among the 
experimental groups related to the inflammatory response 
in the sciatic nerves treated. However, we can hypothesize 
that the murine Ad-MSC showed better therapeutic effects 
on nerve regeneration probably due to their more appro-
priated response to the murine signaling factors released 
in the microenvironment after injury.
  Although our results show positive effects of the 
MSC-based therapy in the sciatic nerve regeneration in a 
murine neurotmesis model, the major limitation of the 
study is related to the short period of evaluation (35 days) 
compared to the length of time needed to reach maximum 
neuroregeneration. Further studies should be performed 
to confirm the benefits of MSC-based therapy on nerve re-
generation, especially canine MSC, aiming at further prov-
ing their possible application in clinics in the future. 

Conclusions

  Canine and murine Ad-MSC showed positive effects on 
the sciatic nerve regeneration process in the experimental 
model of neurotmesis in rats. However, at day 35 the mur-
ine MSC showed better functional and electrophysiological 
results than the canine MSC.
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