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Abstract
Treatment of injuries to peripheral nerves after a segmental defect is one of the most challenging surgical 
problems. Therapies for peripheral nerves injury are largely ineffective. Therefore, the current study was 
conducted to investigate effects either acellular human umbilical cord tissue powder on repair 1 cm critical 
size defect radial nerve guided by bovine urinary bladder matrix conduit alone or seeded with mesenchymal 
stem cells derived from human umbilical cord. For this purpose, sixteen healthy mongrel dogs were used. 
They were randomly divided into two equal groups (n=8), before proceeding with the surgical procedures, 
the dogs were generally anesthetized and aseptic conditions were established. Then, the surgery was carried 
out with the aid of magnifying lens. All dogs subjected to radial nerve neurotmesis from the right limb. In 
the scaffold group, a 1cm of radial nerve was transected and resulted gap bridged with a portion of 14mm 
acellular bovine urinary bladder submucosa conduit which was then filled with 0.05mg acellular human 
umbilical cord powder and then sutured to the two stumps using 6-0 nylon epineural by simple interrupted 
pattern. In combination group, the gap was bridged with acellular bovine urinary bladder submucosa conduit 
which was filled with 0.05mg acellular human umbilical cord powder then seeded with 50 µl (5x106) 
mesenchymal stem cells derived from human umbilical cord, then fixed onto two stumps using 6-0 nylon 
epineural by simple interrupted pattern. Each group was further divided into two equal subgroups (n=4) 
categorized according to the post operation periods, that were 8 and 16th weeks for neurohistopathological 
examinations. The histopathological examination of regenerated nerve sections (two samples of 5 mm length 
each) were collected from the middle (coaptation site) and distal segments were used to determine the degree 
of the radial nerve regeneration. The histopathological findings relative convergence between the scaffold 
and combination groups in their components such as the increased number of Schwann cells proliferation, 
parallel arrangement of nerve fibers and remarkable angiogenesis on 16th weeks. In conclusion; this study 
showed that the decellularized both scaffolds alone or seeded with mesenchymal stem cells derived from 
human umbilical cord could support the radial nerve regeneration and allow the reinnervation of the target 
organ.
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Introduction
Peripheral nerve injuries are a major medical 

problem in the present time and most commonly 

seen in young adults. These injuries can cause loss of 
sensory and motor functions and lifelong disabilities(1). 
In dogs the most common etiologies of nerve injuries 
are compression, stretching or traction, laceration, 
crushing and incorrect local injections of drugs(2). 
Several approaches have been applied to improve 
regeneration, such as administration of neurotrophic 
factors, hormones, various biochemical substances, 
applications of an electric field and lasers. However, the 
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clinical results were often disappointing, indicating the 
need for novel therapeutic approaches(3). Cell therapy is 
a promising treatment strategy for promoting of repair 
in the injured peripheral nerves. These cells could create 
a more favorable environment for limiting damage and 
promoting regeneration via immunoregulation(4) and 
combination of several features such as trophic factor 
production, extracellular matrix synthesis, axon guidance 
and sorting, remyelination, micro environmental 
stabilization, and immune modulation support peripheral 
nerve regeneration and function(5). Various cell types 
have been tested for promotion of repair the injured 
peripheral nerves. Including, embryonic stem cells(6), 
Schwann cell (7), neural stem cells (8) and mesenchymal 
stem cells(9). In association with the development of 
tissue engineering, several studies have investigated 
the characteristics of an ideal nerve conduit in terms 
of its scaffolds, growth factors, and supportive cells to 
enhance peripheral nerves regeneration (10).

Another approach for the peripheral nerve 
regeneration is biomaterials seeded with stem cells, 
biomaterial provides a broader platform for stem 
cell-based regenerative medicine(13). The role of 
biomaterials serving as bioactive scaffolds to promote 
stem cell culture and differentiation in vitro, and 
providing niche for transplanting stem cell to enhance 
therapeutic effects(14). (15) investigated that seeding 
of undifferentiated adiposederived MSCs onto 
decellularized nerve allografts permit the secretion of 
neurotrophic and angiogenic factors that can stimulate 
nerve regeneration. (16) used a nerve conduit filled with 
a vascular bundle and bone marrow stromal cells seeded 
on decellularized nerve matrix in rat sciatic nerve model 
with a 20-mm defect concluded that the nerve conduits 
constructed with vascularity, cells, and scaffolds could 
be an effective strategy for the treatment of peripheral 
nerve injuries.(17) evaluated Laminin-chitosan-PLGA 
nerve guidance conduit combined with schwann and 
neural stem cells and showed significantly higher 
nerve regeneration when compared to acellular grafts 
in 5mm, laryngeal nerve defect in rat. (18) constructed 
a nerve regeneration characteristics-containing nerve 
graft through integrating xenogeneic acellular nerve 
matrix seeded with autologous differentiated adipose-
derived mesenchymal stem cells (ADSCs) repaired 
1cm rat sciatic nerve defect. Therefore the aim of the 
study is to evaluate the efficacy of human umbilical 
cord mesenchymal stem cells seeded with acellular and 
lyophilized human umbilical cord powder guided by 

acellular bovine urinary bladder matrix conduit in radial 
nerve regeneration in dogs models.

Materials and Method
Experimental Design: Sixteen male adult local 

breed dogs aged (8-12) months and weighting (15-
20) kg were divided into two groups consisting of (8) 
animals each. In the first group, the radial nerve was 
transected of (1 cm) and the resulted gap was bridged 
by (14mm) acellular bovine urinary bladder matrix 
(UBM) conduit using (0-6) nylon perineural sutures 
of the proximal stamp then filled intraluminally with 
0.05mg acellular human umbilical cord (HUC) powder 
and then sutured to the distal stamp of the nerve, which 
was served as scaffold group (SG). While the second 
group, the gap was bridged with UBM-conduit which 
was filled with 0.05mg acellular HUC powder seeded 
with 50 µl (5x106) human umbilical cord mesenchymal 
stem cells (HUC-MSCs) then coaptated two stumps 
using 6-0 nylon epineural simple interrupted pattern and 
served as combination group (CG). The animals of each 
group were sacrificed on two periods after 8th and 16th 
weeks post operation for evaluation of histopathological 
examinations. All Procedures used in this study were 
approved by Scientific Committee, College of Veterinary 
Medicine, University of Baghdad-Iraq.

In Vitro Protocols: Fabrication of Conduit 
Derived from Bovine UBM-ECM: Fresh urinary 
bladders were collected as a whole from slaughtered 
cows at the local abattoir and the urinary bladder matrix 
(UBM) was prepared as a decellularized scaffold, 
according to method described by(19). The urinary bladder 
was filled with tap water to facilitate the trimming and 
removing of external connective tissues and adipose 
tissue by scissors then washed with tap water. Tunica 
serosa, tunica muscularis and most of the muscularis 
mucosa were mechanically delaminated from the bladder 
tissue by scraping with the knife, and finally flattened 
rectangular sheet. The remaining (sub-mucosal layer) 
was then decellularized and disinfected by immersion 
the sheet in a mixture of 0.1% peracetic acid (PAA) and 
4% ethanol solution on a shaker for two hours. After 
that, the ECM was rinsed in phosphate buffered saline 
(PBS) (pH 7.4) to returned the pH to 7.4, containing 
100 IU/ml penicillin, 100 µg/ml streptomycin and 100 
µg/ml amphotericin B at 25 °C with shaking, then in 
two changes deionized water and finally one change of 
PBS, 15 min each. The decellularized ECM scaffolds 
were sterilized by immersion in 0.1% PAA solution for 
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five hours(20). Finally the disinfected and decellularized 
sheets were cut at certain sizes and used for wrapping 
the UBM around the stainless steel pin at different sizes 
depending on the diameter of the tube (wall thickness 
of 0.18 mm, and a length of I4 mm). Then, they were 
adhered to the two edges of the tube by using biological 
adhesive.

Fabrication of Powder Derived from HUC-ECM: 
The human umbilical cord tissue powder was obtained 
as described by(21). About 20-25 cm of umbilical cord 
tissue was collected in phosphate-buffered saline (PBS) 
(Sigma, USA) and transported to the laboratory. UCs 
were washed with PBS under a sterile laminar flow cell 
culture hood and cut into 5 cm segments. The segments 
were cut longitudinally, and blood vessels were removed, 
and then transferred in 50 ml conical tube to freeze (24 h 
at -20Co), aseptically transported into the laboratory, and 
subsequently thawed and transversely cut into pieces 
(~ 0.5cm length). Tissue pieces were agitated in 0.1M 
phosphate-buffered saline bath (48h at 4 Co). The PBS 
bath was exchanged three times before the tissue pieces 
were soaked in 0.02% trypsin/0.05% EDTA (120 min. 
with shaking) and afterward in 0.1% peracetic acid in 
4.0% ethanol bath (120 min. with shaking), and then 
socked in a series of PBS and deionized water (dH2O) 
for 15 min two times of each. The decellularized HUC-
ECM was allowed to set slightly before being transferred 
to −20°C for 24 hours then transferred to the deep 
freezer at -80°C for 5 days. The tissue was subsequently 
lyophilized for 24 hours at -56°C under 5 mm Hg in a 
lyophilizer for lyophilization till it was completely dried. 
The samples were then grinded with mixer mill device.

Isolation and culturing of HUC-MSCs by 
Explant-Enzymatic Method: Human umbilical cords 
(HUCs) were obtained from women with healthy 
pregnancies during caesarean deliveries at the end 
of gestation after signing informed consents. UCs 
collected under sterile conditions and transported to 
the laboratory in Dulbecco’s Modified Eagle’s Medium 
(DMEM) (Gibco. USA), 10U/ml penicillin G, 10 U/
ml streptomycin, 25 mg/ml amphotericin B (Gibco. 
USA). MSCs were isolated and cultivated according 
to protocol described by(22); briefly, about 10-15-cm of 
HUC was transferred to a biosafety cabinet II and was 
washed several times with sterilized PBS to remove 
traces of blood, then immersed in 70% ethanol for 30 
second and then immediately washed in PBS. The tissue 
then placed in a 10-cm sterilized petri dish and was 
divided into 5-cm pieces and longitudinally cut each 

piece and the blood vessels were removed from each 
piece. Each piece then minced into small pieces (~ 2-3 
mm3) and washed with PBS.Explants were then placed 
in 50 ml falcon tube containing a solution of 1mg/ml 
Collagenase I (Gibco USA) in low glucose DMEM 
(Gibco USA) which were then incubated for 1 h at 37o 
c in a humidified atmosphere containing 5% CO2, the 
explants pieces then were washed with PBS solution and 
6 - 9 pieces were transferred onto tissue culture 75-cm2 
T-flasks and were left undisturbed for 3 - 5 minutes until 
attachment onto flask. Then, complete culture medium 
was added. For the digested suspension was diluted 
1:2 with PBS solution and centrifuged at 80 g for 10 
min at cool centrifuge 4Co. Supernatant discarded and 
cell pellets resuspended in complete culture medium 
in tissue culture 75-cm2 T-flasks. The culture flasks 
were left undisturbed for 3 - 4 days and maintained at 
37˚C in a humidified atmosphere 90% containing 5% 
CO2 for 3 days. Non-adherent cells were removed and 
fresh medium was replaced from 3 to 12 days After 12 
days when the culture reached confluence at passage 
zero (P0), monolayer cell cultures were subculture for 
collecting homogenous stromal stem cells. The number 
of cells in each culture flask was quantified using a 
haemocytometer. The total number of cells harvested 
from the tissue culture flasks was determined by using 
the following equation (NCxDx104/#Q) NC=number 
of count vital cells (non-vital cells were stained blue), 
D=sample dilution (10) and Q=number of squares used 
haemocytometer(23).

Immunocytochemistry Analysis of HUC-MSCs: 
At the second passage, the fibroblast-like cells became 
morphologically homogeneous, the following CD 
markers were used (primary antibodies) for detection 
of MSCs (anti- dog CD90) and (anti- dog CD 34). The 
procedure of immunocytochemistery of MSCs was 
applied according to the manufacture instruction of 
(Santa Cruz biotechnology Company).

Modified Surgical Procedure: Dogs were 
premedicated with atropine sulfate in dose rate of 0.03 
mg/kg, then after 10 minutes the dog was anaesthetized 
by a mixture of 5 mg/kg of Xylazine hydrochloride) 
and 15mg/kg Ketamine hydrochloride I/M respectively. 
The skin was disinfected with chlorhexidine gluconate, 
Isopropyl alcohol 70% and finally with 1.8 % tincture 
iodine. The paw was extended by placing a latex glove 
over the distal extremity and securing it to the limb with 
a tape. The glove was covered with sterile skin towel and 
secured to the limb with towel clips. Then, the animal 
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was placed on left lateral recumbency and an aperture 
of fenestrated drape was made on the right forelimb at 
the targeted operation area. The proximal and central 
humeral diaphysis were used as landmarks through a 
craniolateral approach. Skin incision about (5-7 cm) 
from the cranial border of the tubercle of the humerus 
and distally to the middle level of the humerus and the 
incision follow the normal curvature of the humerus 
was made. The subcutaneous fat and brachial fascia 
was incised along the same line; the cephalic vein was 
protected and isolated. The brachial fascia along the 
border of the brachiocephalicus muscle and lateral head 
of the triceps was incised bluntly to avoid rupture of the 
radial nerve and by aid of gelpi retractor; the lateral head 
of triceps brachialis and brachiocephalicus muscles were 
retracted to expose the nerve. Caution was used when 
incising the fascia along the cranial border of the triceps 
overlying the brachialis muscle until the radial nerve is 
visualized. After the radial nerve was exposed, the nerve 
was severed proximally by using sterile scalpel blade size 
(No. 10) and then distally transected the 1 cm segment 
mid portion of the right radial nerve. In the scaffold 
group (SG), the single 6-0 nylon suture was employed in 
an epineurial grasping stitch pattern to fix the proximal 

stump of the nerve into the conduit. Then, the conduit 
was filled with 0.05mg acellular and lyophilized human 
umbilical cord scaffold. While in the combination group 
(CG), it was treated by implantation of the same conduit 
which was filled with 0.05mg acellular human umbilical 
cord tissue ECM scaffold seeded with HUCMSC 50 µl 
(5x106). Then the distal end was also sutured in the same 
way as the proximal end. Finally, the brachiocephalicus 
muscle and the superficial pectoral muscles were 
sutured to the fascia of the brachialis muscle with 3-0 
Polydioxanone simple continuous sutures. Suture the 
subcutaneous tissue and skin with standard method.

Results
Neurohistopathology: Histopathological 

examination of the mid-segment of the radial nerve in the 
scaffold group (SG), on 8th weeks PO showed moderate 
number of Schwann cells, undulation arrangements of 
regenerative nerve fibers and improved angiogenesis 
(Fig. 1A). The distal segment showed presence of thick 
eosinophilic remyelination sheaths with new regenerated 
nerve fibers at the site of nerve transection surrounded 
by polymorphonuclear inflammatory cells (Fig. 1B).

Fig. 1: Longitudinal section of the radial nerve in (SG)at 8th weeks PO. A. middle segmentshows undulation 
arrangements of regenerative nerve fibers with few degenerated nerve fibers (head arrow), and improved 

angiogenesis (thin arrows).B. distal segment shows new regenerated nerve fibers at the site of nerve 
transection (thin arrows) surrounded by polymorphonuclear inflammatory cells (head arrows). H & E X 20
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Histopathological examination of middle section 
in scaffold group at 16 weeks PO showed minimum 
vacuolated degenerated nerve fibers, improved 
myelination and increased number of schwann cells 
(Fig. 2A). The distal segment, there were a higher 

number of basophilic nerve fibers, rich in schwann cells 
with apparently slight derangement of the architecture 
of nerve fibers (slight undulation) with few remnant of 
conduit (Fig 2B).

Fig. 2: Longitudinal section of the radial nerve in (SG)at 16th weeks PO. A.middle segmentshows minimum 
vacuolated degenerated nerve fibers, (thin arrows) with improved myelination and increased number of 
Schwann cells (arrows head).B. distal segment showsgood remyelination, regeneration of the nerve fibers 

(thin arrows) and few remnant of conduit (head arrows). H & E X 20

In combination group (CG), the histopathological 
examination of the middle segment of the radial nerve 
8th weeks PO showed numerous nerve fibers with good 
angiogenesis and highly basophilic schwann cells (Fig 
3A). The distal segment illustrated dark eosinophilic 
regenerative nerve fibers with extensive proliferative 
schwann cells, good angiogenesis and fibrous tissue at 
internal perineurium and no presence of fibrous tissue 
inside the nerve (Fig 3B).

Histopathological findings of the conduit nerve 
section in the combination group at 16 weeks PO 

revealed no to occasional presence of swollen vacuolated 
degenerate nerve fibers, and no any undulation in the 
arrangement of the nerve fibers. Increase in number 
of nerve fibers prominent presence of schwann cells 
(Fig 4A). The distal segment showed normal parallel 
orientation of the nerve fibers, a bundle of newly 
regenerated nerve fibers extended inside the conduits 
from the proximal stump increased the existence of 
schwann cells; it was nearly normal section of peripheral 
nerve (Fig. 4B).
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Fig. 3: Longitudinal section of the radial nerve in (CG) at 8th weeks PO. A. middle segment shows good 
angiogenesis (head arrows) and highly basophilic Schwann cells (thin arrows).B. distal segment shows dark 

eosinophilic regenerative nerve fibers (thin arrows) with extensive proliferative Schwann cells, and good 
angiogenesis (head arrows) H & E X20.

Discussion
The histopathological outcomes which were 

obtained by the present study at 8 weeks PO, observed 
that the variation in the level of nerve regeneration 
process between the treatment groups may be related 
to the variation in the cells quantity and quality and 
due to release a wide range of neurotrophic factors that 
promote myelin sheath formation, neovascularization 
and reduced inflammatory reaction that’s precipitated 
in the regeneration process. The increased number of 
Schwann cells observed on 8th weeks PO in the scaffold 
group was similar to that observed in the combination 
group resulting from a high concentration of stem cells 
in the scaffold. It is reported that scaffold utilized in the 
present study contains a large number of stromal stem 
cells(24) which are directly released from this scaffold to 
the transected peripheral nerve. Effectively, increased 
angiogenesis, VEGF, FGF and proximity to associated 
nerve tissue combined to stimulate differentiation of stem 
cells into Schwann cells. Previous studies confirmed 
that the Schwann cells release proteases and also work 
in conjunction with macrophages to phagocytise and 
remove myelin and axon debris. There is thus a co-
dependence between these two cells as macrophages 
are mitogenic to Schwann cells and participate with 
Schwann cells in the provision of trophic (feeding) and 

tropic (guidance) factors for regenerating axons (25,26). 
These results were in agreement with(27)were evaluated 
the use of the decellularized human umbilical artery 
(hUA) as nerve guidance conduit, the authors showed 
that decellularized hUAs after implantation were rich 
in nerve fibers and characterized by improved sciatic 
functional index (SFI) values and supported elongation 
and bridging of the 10 mm nerve gap in rats. The study 
by(28) implantation of a fetal porcine urinary bladder 
extracellular matrix (fUB-ECM) in a trigeminal, 
infra orbital nerve branch transection and direct end-
to-end repair model in rat, significantly improved 
epi- and endoneurial organization and increased both 
neovascularization and growth associated protein-43 
(GAP-43) expression at PN repair sites. Scaffolds seeded 
with HUC-MSCs of which the environment had been 
conditioned in such a way to obtain the factors supporting 
nerve regeneration. The results of the present study are 
in agreement with the results of study of(29) injected 
UCMSC-derived extracellular vesicles (EVs) into the 
tail veins of rats and sutured a silicone rubber tube into 
the sciatic nerve gaps of 24 rats. The authors found that 
UCMSC-EVs promoted motor function recovery and 
regeneration of axons and attenuated muscle atrophy at 8 
wk. Another study by(30) confirmed that using of BMSCs 
were then engrafted via UBM-implant as a powder in 
the hemisected dog spinal cord, showed minimal scar 
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tissue formation and proliferation and orientation of 
regenerative nerve fiber compared to control group at 8 
wk. The molecular and cellular mechanisms regulating 
neovascularization and axon regrowth afer peripheral 
nerve injury are poorly understood (31,32).However, 
many studies suggest angiogenesis and neurogenesis 
are closely linked and likely modulated by the innate 
immune response to peripheral nerve injury (33,34). 
Macrophages are hypothesized to respond to and direct 
endothelial cell migration and the formation of new 
blood vessels in hypoxic tissues. In turn, newly formed 
blood vessels have been shown to guide Schwann cells 
and hence axon regrowth across PN injuries (35,36).

Interestingly, the sections of the proximal segment 
in combination group at the end of 16th week PO showed 
the absence of degeneration and vacuolation, increased 
number of Schwann cells, good orientation and scanty 
scar tissue in the epineurium of nerve fibers. The mid and 
distal segments showed remarkable angiogenesis, good 
orientation and myelination of nerve fibers. This result 
suggested that employ both biological implants (UBM 
and HUC) seeded with HUCMSCs synergistically 
promoted regeneration and improved the functional 
recovery of radial nerve injury by release a wide range of 
neurotrophic factors that greater myelin sheath formation 
in the middle part of the graft, neovascularization and 
reduced inflammatory reaction. However, the functional 
(UBM and HUC) may provide good support for the 
newborn regenerating fibers and guide their growth in the 
right direction to bridge the nerve gap. As expected, the 
scaffolds seeded with HUCMSCs combination resulted 
in better functional recovery compared with the scaffolds 
alone. This result is consistent with of study of (37) used 
longitudinally oriented collagen conduit (LOCC) loaded 
with MSCs after sciatic nerve transection in dogs models 
we found that the use of an LOCC seeded with MSCs 
results in the acceleration of sciatic nerve regeneration 
and the combination resulted in better functional 
recovery compared with the LOCC alone. In addition, (38) 

investigated the efficacy of a muscle-stuffed vein seeded 
with neural trans differentiated human mesenchymal 
stem cells as an alternative nerve conduit to repair a 15-
mm sciatic nerve defect in athymic rats, conclusion that 
combinations promote peripheral nerve regeneration 
through the secretion of neurotrophic factors. In contrast, 
a study by (39) indicate that the small intestine submucosa 
and poly (caprolactone-co-lactide)-nerve guidance 
conduit are promote nerve regeneration at 15-mm sciatic 
nerve defect gap after 16 weeks in rats model. As well 

as, the results obtainedby a study of (40) reported that 
the histopathology of sciatic nerve treated with BMSCs 
showed an increased number of Schwann-like cells. The 
BMSCs are believed to act as Schwann cells in that they 
function to prevent neuronal cells death and promote 
directional axonal growth. As they proliferate to fill 
endoneurial sheaths, they form longitudinal columns 
commonly known as bands of Bungner(41). Within days 
after injury, Schwann cells begin to divide and create 
a pool of dedifferentiated daughter cells without axon 
contact. Schwann cells down-regulate their normal 
proteins such as peripheral myelin protein-22 (PMP-
22), myelin basic protein (MBP), myelin associated 
glycoprotein (MAG), P0 and connexin-32 to convert 
the phenotype of premyelinating cell(42). These 
dedifferentiated Schwann cells upregulate expression 
of the nerve growth factor (NGF), neurotrophic factors, 
cytokines, and other compounds that lead to Schwann 
cell differentiation and proliferation. The latter are 
important in preventing neuronal apoptosis in response 
to injury and potentiate the migration and adhesion of 
Schwann cells to axonal projections(43).

Conclusions
The biological implants urinary blabber matrix and 

human umbilical cord extracellular matrix may have the 
potential to regenerate radial nerve defect, seeded on 
HUC-MSCs transplantation being more effective.
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