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ABSTRACT : The current study was aimed to evaluate therapeutic efficacy of human umbilical cord-mesenchymal stem cells
(HUC-MSCs) to repair of radial nerve injury through estimation of clinical status, serum biomarkers and hematology. A total
18 stray, male dogs of 12-18 months of age and 8-10Kg of weight were selected, examined clinically, subjected to a preparation
period, and divided into 3 equal groups; 1°'G (experimental group) in which radial nerve of study animals was cut surgically and
treated with HUC-MSCs; 2™G (positive control group) in which, radial nerve of study animals was cut, but not treated with
HUC-MSCs, and the 3G (negative Control group) in which radial nerve neither cut nor treated with HUC-MSCs. During 16
weeks, all study dogs were feed and let drink from the same source and received a high management care. In 1*G; significant
motive dysfunction with apparent decline in appetite, changes in sleeping habits, slight increase in temperature, shallow and
rapid breathing, and slight tachycardia were showed in 1* week. During 2" to 5" weeks, there was apparent improvement in
general and physical activity with the ability of 1*G animals to extend their forelimb and standup normally, but with lameness.
At 16™ week, clinical status was normal with absence of forelimb muscle atrophy, lameness, and motive dysfunction. Concerning
to immune-biomarkers, significant increases (P<0.05) were reported in levels of IgG and TNF-a and significant reduction
(P<0.05) in IL-10 were detected at 4™ and 6™, 2" and 4™ and 2", 4" and 6™ weeks respectively. Regarding to hematology, there
were significant increases in total WBCs, lymphocytes and monocytes but not in neutrophils (P>0.05) were reported at 4™ and
6 weeks of study. In conclusion, positive outcomes achieved in this study suggesting effective role of HUC-MSCs in repairing
of radial NI and offered a great promise for some disease treatment.
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INTRODUCTION

In small animal practice, traumatic nerve injury (NI)
is quite common as it observed in animal at any age
(Antolitou et al, 2012). There two mode for classification
are available for NI. In first mode, NI can be divided
into three main forms; neuropraxia, axonotmesis, and
neurotmesis which differ in their severity and outcomes
(Seddon, 1943). In neuropraxia, there is a minor contusion
or compression for the nerve with a temporary interruption
in transmission of electrical impulses that will typically

losses of nerve architecture and function. In last form,
there is no possibility of spontaneous nerve recovery, so
that, surgical interpretation is necessary (Olaifa, 2018).
In other mode, there were five degrees of NI which
classified based on severity of NI as the first-degree
represents more simple case while the fifth represent
the more severe one (Sunderland, 1968). After NI, there
many limitations for functional recovery such as motor
end-plate degeneration, neuromuscular atrophy, adhesion
of regenerative nerve to peripheral tissues, slow neural

resolve by 3 to 6 weeks (Bumbasirevic et al, 2016).
Axonotmesis represents a more severe form of nerve
injury with damage to the axons accompanying distal
Wallerian degeneration, but maintaining perseveration of
Schwann cells and an intact endoneurial structure
(Tezcan, 2017). Neurotmesis is the most severe form of
NI which characterized by the complete anatomical
disruption to nerve continuity with proliferation of fibrous
tissue, Schwann cells and axonal growth resulting in

regeneration velocity and complex pathological processes;
so clinical therapeutic effects are not satisfactory
(Caldwell et al, 2013; Korompilias et al, 2013; Niver and
Ilyas, 2013). At present, for treatment of peripheral NI,
the most common method with optimal therapeutic effect
is end-to-end anastomosis or nerve auto-grafting with
variable limitation for each one (Li et al, 2013). Human
umbilical cord-mesenchymal stem cells (HUC-MSCs) are
one of the most common seed cells used in nerve tissue
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engineering which revealed strong self-renewal and multi-
differentiation potentials and can be induced to
differentiate into nerve cells in vitro (Ning et al, 2012).

During injury and therapeutic processes, resident
immune cells are activated and blood-borne cells are
recruited to the site of injury. As a result, the primary and
secondary lymphoid organs received an extensive
sympathetic/noradrenergic innervation which leads to
dysfunction of homeostatic mechanisms and
hematological changes in acute and chronic phases
(Madden et al, 2000; Furlan ef al, 2006). Therefore, the
current study was performed to evaluate therapeutic
efficiency of HUC-MSC:s in repair of radial NI through
estimation of clinical status, some immune biomarkers,
and describe the hematological abnormalities during radial
NI and HUC-MSC:s therapy.

MATERIALS AND METHODS
Ethical approval

This study was licensed and performed under the
regulation of Department of Microbiology and
Department of Surgery and obstetrics in the College of
Veterinary Medicine, University of Baghdad, Baghdad,
Irag. HUC collection was approved by the Scientific and
Ethical Committee of Baghdad University.

Study animals

Actotal of 18 stray, male dogs of 12-18 months of age
and 8-10 Kg of weight were selected for this study. Prior
to the experimental study, all study dogs were examined
clinically to detect any diseases, treated against external
and internal parasites and subjected to a preparation
period for one month with providing good environmental
and management hygienic conditions.

Stem cells preparation

Following a sterile environment, HUC was collected
from one healthy woman immediately after given birth
and transported to the laboratory as soon as possible.
According to method described previously (Xue et al,
2011). Briefly, UC was cut into approximately 1.5cm
pieces, gelatinous tissue surrounding the vessels was
excised and minced into Imm3 which plated in closed
cell culture flasks. After 20 days, the adherent spindle-
shaped cells were collected and re-cultured for some
passages to be used for treatment of radial nerve injury.

Study design

Post preparation period finished, the study dogs were
divided into 3 equal groups (6 dogs for each one) in
solitary cages as following:

1. First group (1*G): In which, radial nerve was cut,
and treated with HUC-MSCs (Experimental group).
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2. Second group (2"G): In which, radial nerve was cut,
but not treated (Positive Control group).

3. Third group (3"G): In which, radial nerve neither cut,
nor treated with HUC-MSCs (Negative Control
group).

Experimental study period was continued for 16
weeks (October, 2018 to May, 2019); during which, all
dogs were feed and let drink from the same source, and
received a high management care.

Radial NI and cell therapy

Following high constricted hygienic conditions, the
dogs of experimental and positive groups were fully
anesthetized and subjected surgically for cutting of radial
nerve to make a gap of lcm between the ends of the
nerve (Fig. 1A-D). In experimental dogs, the gaps
between the ends of radial nerve was tabularized by
conduit and filled by HUC-MSC:s (Fig. 1E, F); whereas
the dogs of positive control were left without HUC-MSCs
therapy. After that, surgical wounds were sutured,
sterilized, and the dogs were subjected for post operative
care (Fig. 1).

Clinical examination

To detect the HUC-MSCs therapeutic effects, clinical
examination before and after therapy was performed,
and this included general and physical evaluation of study
dogs and their activities and motive function.

Hematology

From each study dog of three groups, 2.5ml of venous
blood was collected into EDTA-glass tubes throughout
the period of experimental study at two weeks intervals.
Blood parameters including total WBCs count,
lymphocytes, neutrophils, and monocytes were measured
as soon as possible using the automated Mythic18 Vet
blood analyzer (Orphee’, Switzerland). Then, tubes of
anticoagulant blood were centrifuged (3000rpm/5 min),
and the serum samples were kept frozen in numbered
eppendorf tubes until be used for immunology.

Immunology

In this study, canine immunoglobulin (IgG),
interleukin-10 (IL-10) and tumor necrosis factor-o. (TNF-
o) were measured in serum samples using of specific
Sandwich ELISA kits (Sunlong Biotech, China).
According to manufacturer’s instruction, the Standards
were diluted serially and Dilution Buffer was prepared.
At terminal stage of the assay, absorbance optical density
(OD) was read at 450nm using ELISA Microplate Reader
(Bio Tek, USA). Finally, concentrations of immune
biomarkers (IgG, IL-10 and TNF-o) were calculated by
the log scale (x-axis and y-axis) and multiplying of dilution
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Fig. 1 : Surgical procedure for radial NI and HUC-MSCs therapy.

buffer.
Statistical analysis

All study data were tabled and analyzed using the
Microsoft Office Excel (version 2007) and IBM-SPSS
programs (version 16). One-Way ANOVA was used to
statistical evaluation of hematological and immunological
values between the three study groups (Kassambara,
2017). Significant differences were set at a probability
of P<0.05.

RESULTS

Among study groups, findings of clinical examination,
hematology, and immunology were revealed on significant
variation (P<0.05) in their values.

Clinical evaluation

Before surgery, all study dogs were evaluated to
having normal general and physical activities. At the first
week of experimental study, the dogs of 18'G were
showed a significant motive dysfunction with apparent
decline in appetite, changes in sleeping habits, slight
increase in temperature, shallow and rapid breathing, and
slight tachycardia. During 2™ week up to 5" week, there
was apparent improvement in general and physical

activity of 19'G dogs, with the ability of their animals to
extend their forelimb and standup normally but with
lameness throughout moving (Fig. 2A). At the final week
of study, 16™ week, general and physical activities were
normal for the dogs of 1*G with absence of forelimb
muscle atrophy and the signs of lameness and ability of
these animals to extend their forelimbs normally without
any motive dysfunction (Fig. 2B) (Fig. 2).

Immunology

Concerning to levels of IgG in dogs of 1% G, the highest
significant increases (P<0.05) were reported at the 4™
and 6™ weeks rather than other weeks. However,
significant decline (P<0.05) was appeared at the 8" and
16" week. Among groups, significant increases (P<0.05)
were detected in the 2" G which followed by the 19G in
comparison to the 3™ G (Table 1, Fig. 3-A).

For IL-10, there significant decreases (P<0.05) were
showed in animals of 1s G at the 2™ and 4 weeks, which
followed by slight significant increases (P<0.05) at the
6", 8™ and 16" weeks. Among study groups, significant
decreases (P<0.05) were initiated at 4" week in 1** G
and 2" G in comparison to 3" G. However, the levels of
IL-10 were showed significant elevation (P<0.05) at other
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Table 1 : Total results of IgG among groups of dogs and weeks of

Fig. 2 : Clinical status for one of study dog subjected to radial NI and HUC-MSCs therapy.
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the study.
Week 1*G MG 3G

M + SE (R) M + SE (R) M + SE (R)

0 2.92 +0.06 ~ 2.77 £0.08 A 2.79 £0.14 A2
(2.80-3.25) (2.64-3.19) (2.61-3.19)

2 39+02°% 524 £0.14 #* 2.83+0.14
(3.17-4.58) (4.75-5.98) (2.49-3.28)

4 4.68 £0.26 B 5.61 £024 274 £0.13 ¢
(4.39-5.46) (4.81-6.27) (2.64-3.50)

6 4.36 +£0.19 B 5.88+0.214 2.82+0.11¢
(4.21-5) (5.07-6.89) (2.54-3.29)

8 4.09 £0.11# 6.03 £0.28 A2 277 +0.15
(4.02-4.64) (5.46-7.11) (2.60-3.54)

16 3.83+£0.14 % 6.32 +£0.26 A2 2.84+0.12¢
(3.72-4.24) (5.84-7.36) (2.57-3.40)

Variation in large horizontal and small vertical letters refer to

significance (P<0.05)

Table 2 : Total results of IL-10 among groups of dogs and weeks of

weeks (6%, 8" and 16™) in 1°' G in contrast to 2™ G which
continued in significant decline at the same weeks (Table
2, Fig. 3-B).

Regarding to TNF-4, the findings of 1 G were
reported significant elevation (P<0.05) in their
concentrations particularly in 2™, 4™ and 6™ weeks.
Among groups, significant increases (P<0.05) in TNF- 4
concentrations of 1** G were detected at the 4™ and 6™
weeks in comparison to 3™ G (Table 3, Fig. 3-C).

Values of hematology measured in current study were
revealed on significant differences (P<0.05) in their levels.
For total WBCs, there was significant elevation (P<0.05)
at 4™ and 6™ weeks of 1 G, whilst among groups,
significant decreases (P<0.05) in values of 1** G were
detected at 4™, 6™, 8", and 16™ weeks in comparison to
3" G; and significant increases (P<0.05) in relation to 2™
G (Table 4, Fig. 4-A).

Table 3 : Total results of TNF-a among groups of dogs and weeks

the study. of the study.
Week 1*G MG 3G Week 1*G MG 3G
M + SE (R) M + SE (R) M + SE (R) M + SE (R) M + SE (R) M + SE (R)
0 7021 £1.94 4 | 7098 £2.724 | 69.34 £2.17 " 0 55.11 £1.52% 5459+ 1424 | 5541 +1.17%
(67.61-75.46) (65.18-73.95) (59.19-71.49) (50.43-59.28) (49.23-58.64) (49.87-58.43)
2 59.66 £2.08 4 | 58.77 £ 1.24% | 69.75+£2.91 " 2 65.18 £ 1.06 4 | 64.73 £ 1.72** | 54.96 + (.55
(55.18-64.21) (56.31-62.17) (57.25-72.30) (63.83-67.29) (58.67-66.85) (50.09-57.24)
4 56.5+2.21¢ 5312+ 1.58 % | 70.03£2.04 4 4 69.26 + 1.23% 67.01 £2.03* 5345+24%8
(54.25-61.79) (51.29-58.13) (57.89-70.68) (66.05-74.81) (63.54-68.12) (48.92-59.03)
6 59.13 £1.93 8 | 52.67 +1.62 5 | 69.84 +£59.03 A 6 67.55+1.45% | 69.53 £1.75% | 54.15 + 1.26%
(57.48-64.32) (50.68-56.02) (59.03-71.65) (62.27-71.16) (64.45-70.09) (49.11-57.91)
8 61.05+2.118 | 4938 +1.37¢ | 6991 +£1.534 8 63.17+£1.128 | 7039+ 1464 | 5553 +1.39%
(58.31-65.88) (46.79-55.11) (60.11-72.14) (58.31-69.46) (65.34-72.88) (49.67-58.88)
16 632+£2738 | 4678 £2.08 % | 68.76£2.02 4 16 59.68 + 2.318° 69.45 £2.11% | 5521 £2.04 B
(60.49-69.87) (41.54-50.79) (58.38-71.97) (53.14-66.28) (64.14-73.04) (48.71-58.63)

Variation in large horizontal and small vertical letters refer to

significance (P<0.05)

Variation in large horizontal and small vertical letters refer to
significance (P<0.05).
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Fig. 4 : Levels of hematological parameters among dogs of study groups and weeks.

In lymphocytes, significant increases (P<0.05) were
showed in 1% G at 2™ and 4™ weeks rather than other
weeks; whilst among groups, significant increases
(P<0.05) in values of 1** G were reported at 2", 4% and
6" weeks in comparison to 3 G (Table 5, Fig. 4-B).

No significant differences (P>0.05) in levels of
neutrophils were seen among weeks of 1** G, or in
comparison to other groups, 2™ G and 3™ G (Table 6,
Fig. 4-C). Concerning to monocytes, a slight significant
elevation (P<0.05) was detected at 2" and 4™ weeks of
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Table 6 : Total results of neutrophils among groups of dogs and

weeks of the study.

weeks of the study.

Week G 21 G 3G Week 1#G 21 G 3G
(Unitex10¥ul)] M+SE(R) | M+SE(R) | M+SE (R) (Unite %) M+SE[R) | M+SE(R) | M+SE (R)
0 9.69+0.18% | 9.41 £0.17% [ 9.28 +0.21* 0 40.27 £2.30% [40.81 £ 2.51% [41.09 + 1.99*
(7.98-10.82) | (7.72-10.99) | (7.59-11.01) (37.76-43.31) | (37.19-42.51) | (37.28-43.19)
2 12.54 £ 0.23% [ 12.94 £ 0.31% [ 9.11 + 0.17% 2 35.91 + 1.86* [ 34.06 + 1.977" [41.75 + 2.22%
(9.73-14.26) | (11.35-14.16) | (7.41-11.99) (33.82-37.25) | (33.66-37.61) | (37.65-44.13)
4 12.08 £ 0.18 % 13.35 £ 0.27* | 9.31 + 0.19% 4 36.55 + 1.91% [ 36.87 + 1.814° [42.67 + 1.84*
(10.47-14.51) | (10.94-14.46) | (7.66-12.13) (34.11-38.57) | (34.74-39.01) | (38.06-43.92)
6 11.25 £ 0.14% [ 13.86 £ 0.27% | 9. 41 £ 0.15% 6 37.72 +£2.06* | 37.99 + 1.63% [42.88 + 2.06*
(9.88-13.79) | (11.28-14.51) | (7.49-12.08) (34.78-39.21) | (35.26-39.53) | (39.61-43.75)
8 10.82 + 0.16% | 14.22 +0.19% | 9.39 + 0.18% 8 38.03 + 1.74% [ 38.26 + 1.72% [42.73 + 1.73%
(7.65-13.04) | (11.37-14.72) | (7.51-11.97) (34.88-39.92) | (35.22-39.94) | (38.14-44.08)
16 10.67 £ 0.15% | 13.98 £ 0.22% [ 9.36 + 0.16 16 39.14 +2.13% [ 38.51 + 1.697 [41.92 + 1.81*
(7.78-13.61) | (10.40-15.03) | (7.63-12.01) (36.72-41.54) | (36.78-41.26) | (38.03-44.21)

Variation in large horizontal and small vertical letters refer to

significance (P<0.05).

Table 5 : Total results of lymphocytes among groups of dogs and

weeks of the study.

Week 1*G 2™ G 3G
(Unite %) M+SER) | M+*SE(R) | M+SE (R)
0 36.91 + 1.82%° [36.56 + 1.484° | 36.87 + 2.024
(32.41-39.51) | (31.98-38.41) | (32.72-39.63)
2 4724 £1.974|49.49 £ 2.06* | 36.44 + 1.498
(40.39-51.45) | (42.77-52.29) | (32.21-39.54)
4 43.38 £2.034247.92 + 1.254 [36.92 + 1.825
(38.29-47.16) | (40.83-51.74) | (33.15-39.30)
6 39.95 +£2.234 | 44.81 + 1.374 |35.81 + 1.275
(36.02-42.56) | (39.25-47.99) | (32.62-38.75)
8 37.37 £ 1.91%° [42.51 £ 1.19*" | 36.22 + 1.35%
(35.03-39.92) | (38.80-44.96) | (32.81-39.10)
16 36.83 + 1.74°140.79 + 1.33*" |36.48 + 1.31%
(34.78-38.51) | (37.12-42.16) | (32.71-38.54)

Variation in large horizontal and small vertical letters refer to
significance (P<0.05).

Table 7 : Total results of monocytes among groups of dogs and weeks
of the study.

Week 1*G 2M G 3G

(Unite %) M+SE[R) | M+SE(R) | M+SE (R)

0 7.61 £0.37% [ 7.42 £0.314 | 6.89 + 0.294
(6.22-891) | (5.57-9.22) | (5.65-9.34)

2 9.07 +0.33% | 8.15 + 0.29% | 7.25 + 0.23%
(6.19-9.74) | (6.42-10.23) | (5.42-8.87)

4 8.61 £0.29% | 878 £0.23* | 7.11 £ 0.24%
(7.18-9.41) | (8.02-11.18) | (5.39-9.02)

6 8.32+ 031" [ 9.53£0.27* | 7.16 + 0.26%
(7.02-9.11) | (7.84-11.25) | (5.45-8.87)

8 7.74 +0.32% | 8.82 + 0.34*" | 7.10 + 0.23%
(5.84-8.77) | (7.15-11.38) | (5.78-9.00)

16 7.43 £0.30% | 7.76 £ 0.27A | 7.17 + 0.25%
(5.62-8.54) | (6.83-10.15) | (5.64-8.97)

Variation in large horizontal and small vertical letters refer to
significance (P<0.05).

1* G in comparison to other weeks, and that same weeks
comparing to other groups (Table 7, Fig. 4-D).

DISCUSSION

Peripheral NI generally as radial nerve, refers to a
structural and functional impairment, even excessive
discontinuance caused by drag, pressurization or
transaction leading to a series of dysfunctions in affected
region (Li et al, 2013). Treatment of NI and regeneration
remains among the greatest challenges in tissue
engineering and regenerative medicine because fail is seen
even when the best microsurgical technique is applied
(De Carvalho et al, 2019). However, there many factors
can determine the time which elapses between suture
and recovery such as scar delay or latent period, and

Variation in large horizontal and small vertical letters refer to
significance (P<0.05)

rate of progress down the nerve of the processes of
maturation or functional completion of the axons (Wu et
al, 2013). In humans and animals, many techniques are
used mainly in the management of certain neuropathies
associated with locomotors dysfunction particularly radial
NI (De Carvalho et al, 2019). In this study, our findings
revealed how HUC-MSC:s therapy significantly restored
the combined severe radial NI. Based on clinical
examination, we showed that there no complications,
muscle atrophies and lameness suggesting that radial NI
was treated successfully during the period of study which
continued to 16 weeks. Many studies demonstrated that
HUC-MSC:s are capable to differentiate into osteoblasts,
neurons, and endothelial cells; and have been proven to
be able to promote angiogenesis, accelerate the
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neurological functional recovery and bone fracture healing
in animal models (Weiss et al, 2006; Yang et al, 2008;
Liao et al,2009). Besides, 14 different neurotropic factors
related to enhance NI can be secreted by HUC-MSCs
which stimulate neuronal survival, vascularization, up
regulation of cell binding integrin’s, delivery of anti-
inflammatory molecules, and increased survival and
proliferation of Schwann cells. All of these studies
combined with the unique features of HUC-MSCs
suggesting their potential application for the treatment of
peripheral NI such as radial nerve (Guo et al, 2015; Ma
et al, 2019). However, enforced rest, NSAID treatment,
and plaster cast are all of value because of their roles to
restore the use of the forelimb quickly (Olaifa, 2018).

Concerning to immune biomarkers of study dogs, the
results experimental 1*G were revealed on significant
elevation in IgG and TNF-4 and significant reduction in
IL-10 concentration at the 4™ and 6™ weeks of current
study. These findings correspondent to that detected
previously by (Bernstein et al, 1987), who detected that
IgG response begins at about 30 days after NI and peaks
at about 39 days. Several studies detected immune-
modulatory role of IgG in many neaurological diseases
(Stangel and Pul, 2006; Arumugam et al, 2007; Sorensen,
2008). It has been found that IgG can attenuate the effects
of inflammation-mediated damage through reduction the
level of pro-inflammatory cytokines and chemokines and
improving neurobehavioral recovery (Nguyen et al, 2012).
TNF-4, as a biomarker, is used frequently to provide
valuable information regarding systemic inflammation
response. TNF-4 that produced mainly by activated
macrophages and Schwann cells, can play a role in
antibacterial immunity and is essential mediator of
inflammation (Wagner and Myers, 1996; Song et al, 2012;
Al-Assadi et al, 2018). Animal models of neuropathic
pain based on various types of NI have persistently
implicated a provital role for TNF-4 at both peripheral
and central levels of sensitization (Leung and Cahill, 2010).
However, the role of TNF-4 in peripheral NI has been
thoroughly investigated both in vivo and in vitro by many
studies that reported different outcomes. In one studys, it
has been suggested that TNF-4 is toxic to neurons and
glia (Scherbel et al, 1999). In another, it has confirmed
that the injection of TNF-4 in sciatic nerve resulted in
significant NI and infiltration of inflammatory cells (Uncini
and Collegues, 1999). In contrast, other studies reported
that TNF-4 can prevent cell death in vitro after exposure
of neurons to &-amyloid peptide and in vivo after
administration of excitotoxins, peripheral NI and cerebral
ischemia (Barger et al, 1995; Bruce et al, 1996; Long-
En et al, 1996). TNF-4 has also been associated with
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the regulation of tissue remodeling, gliosis, and scar
formation (Gordon et al, 1992; Fleur et al, 1996; Lindner
et al, 1997). Liefner and Collegues (2000) demonstrated
that deficient TNF-4 resulted in poor macrophage
recruitment and delayed in myelin removal, and thus
supporting the hypothesis of direct chemotactic effect of
TNF-4 (Fregnan et al, 2012). Additionally, TNF-4 down-
regulates the tyrosine kinase activity of the insulin receptor,
thereby increasing insulin resistance (Van Exel ef al,
2002). Immune cells including T and B cells are important
in attenuating neuro-inflammation via the modulation of
various cytokines and chemokines, with IL-10 playing a
central immuno-modulatory role (Liesz et al, 2013;
Offner et al, 2013). In addition to macrophage, IL-10 is
released by other cell types including mesenchymal stem
cells (MSCs). However, severe NI can create a strong
inflammatory response where production of inflammatory
cytokines and recruitment of immune cells occurs rapidly,
peaks early after injury (6-8 hours) and can last for weeks
after NI (Kline et al, 2002; Garcia et al, 2017). Significant
reduction in IL-10 detected in current study may reflect
problems with vasculature including vascular and
endothelial damage from inflammation and increased
reactive oxygen species (ROS). Also, it detected that
low IL-10 production capacity is associated with the high
glucose plasma, type 2 diabetes and dyslipidemia (Van
Exel et al, 2002; Straczkowski et al, 2005).

Various pathogenic factors such as infection and
tissue injury can induce inflammation by causing tissue
damage. In response to tissue damage, the body initiates
a chemical signaling cascade that stimulates responses
aimed at healing affected tissues. These signals activate
leukocyte chemotaxis from the general circulation to sites
of damage (Jabbour et al, 2009; Chen et al, 2018). For
hematology, our findings found that total WBCs in 1" G
were increased significantly and lasted for up to at least
4 weeks (2™ and 4™ weeks) opposed to 3™ G. This was
predominantly accounted for by an increase in the
circulating lymphocytes and monocytes but not
neutrophils. These results were compatible to those
detected by You and Jeong (2007) and in contrast to Xue
et al (2011), who detected that the blood parameters were
within the normal range and there was only a slight
increase in number of WBCs. Keskil et al (1994)
suggested that the blood leukocytes could be a significant
parameter of severity injury with prognostic value for
patients with traumatic NI. Missori et al (1997) indicated
that the neurotrauma is associated with leukocytosis.
Rovlias and Kotsou (2001) have demonstrated that the
level of leukocytosis is correlated directly with the severity
of traumatic NI. Javdani et al (2018) demonstrated the
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role of lymphocytes in NI and chronic pain, and suggested
that the infiltration of immune cells to site of injury can
helps in therapy. The absence of serum neutrophilia or
neutropenia in current study might be related with the
time of sample collection and analysis. Perkins and
Tracey (2000) detected that the number of endoneurial
neutrophils was significantly elevated only at the site of
NI with a significant depletion in circulating neutrophils.
These findings supported the hypothesis that a
neuroimmune interaction occurs as a result of peripheral
NI and is important in the subsequent development of
neuropathic pain. However, high levels of neutrophils
reported to potentiate the extent of NI by producing ROS
and reactive nitrogen species (RNS) that can damage
proteins, DNA, and lipids, and increase the extent of the
inflammatory response by producing pro-inflammatory
mediators such as TNF-4 (Kumar et al, 2016; Nguyen
et al, 2017; Zhang et al, 2018). In radial NI, infiltrating
monocyte-derived macrophage, which uses the chemokine
receptor to gain entry to injured tissues from the
bloodstream are purportedly necessary for efficient
Wallerian degeneration, an essential preparatory stage
to the process of axonal regeneration (Lindborg et al,
2017). In addition, macrophage can play an indispensible
role in radial NI by clearing debris and regulating the
microenvironment to allow for efficient regeneration. In
microenvironment, macrophage interacts with several
cells to support their function most notably the Schwann
cells, and glial cells of peripheral nervous system (Stratton
and Shah, 2016). Kumar et al (2016) reported that the
Schwann cells do not secrete high levels of cytokines
but are potent inducers of macrophages that promote
axonal outgrowth. The mechanisms governing these
differences are not well understood, but it is clear that
macrophages are key mediators of repair in all tissue
types (Liu ef al, 2019). In contrast to central nerves,
peripheral nerves as radial nerve strong regenerative
capacity and macrophages play a core role in their repair;
therefore, many authors prefer to focus primarily on
macrophage-mediated repair in the peripheral NI setting
(Rotshenker, 2011; Cattin et al, 2015). After NI, especially
severe and long-distance NI, local hypoxia and tissue
necrosis secondary to inflammation are major obstacles
for nerve repair and generation, which require a good
microenvironment that is clean of necrotic tissue
fragments, to promote angiogenesis, and the proliferation
and migration of glial/Schwann cells (Cattin et al, 2015).
However, macrophages and HUC-MSCs have the
capacity to improve the regeneration of peripheral nerve
structure and function after injury might be through
providing the suitable microenvironment for macrophages
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and Schwann cell proliferation (Ma et al, 2019; Margiana
et al, 2019).

CONCLUSION

The positive outcome achieved in this study
suggesting therapeutic effects of HUC-MSCs in radial
NI, and offers great promise for some disease treatment.
However, the study focused on clinical results in addition
to some immunological biomarkers and hematological
parameters; therefore, more studies are needed to
explore the mechanisms involved in the significant
therapeutic effects, and to investigate the safety and
efficacy of HUC-MSC:s transplantation.

ACKNOWLEDGMENT

The authors are thankful to Department of
Microbiology and Department of Surgery and Obstetric,
College of Veterinary Medicine, University of Baghdad,
Baghdad, Iraq for providing the necessary facilities for
this study.

Conflict of interest

There no conflict to interest.

REFERENCES

Al-Assadi N H, AL-Shaikh S Fand Al-Qaysi S A (2018) A biochemical
and molecular study of tumor necrosis factor-a in female with
polycystic ovarian syndrome. Biochem. Cell. Arch. 18(1), 677-
682.

Antolitou A, Kazakos G, and Prasinos N N (2012). Peripheral nerve
damage in companion animals Hellenic. J. Companion Animal
Med. 1(2), 12-19.

Arumugam T V, Tang S C, Lathia J D, Cheng A, Mughal M R,
Chigurupati S, Magnus T, Chan S L, Jo D G Ouyang X and
Fairlie D P (2007) Intravenous immunoglobulin (IVIG) protects
the brain against experimental stroke by preventing complement-
mediated neuronal cell death. Proc. Natl. Acad. Sci. 104(35),
14104-14109.

Barger S W, Horster D, Furukawa K, Goodman Y, Krieglstein J and
Mattson M P (1995) Tumor necrosis factors alpha and beta
protect neurons against amyloid beta-peptide toxicity: evidence
for involvement of a kappa B-binding factor and attenuation of
peroxide and Ca2+ accumulation. Proc. Natl. Acad. Sci. 92(20),
9328-9332.

Bernstein J J and Goldberg W J (1987) Injury-related spinal cord
astrocytes are immunoglobulin-positive (IgM and/or IgG) at
different time periods in the regenerative process. Brain
Research 426(1), 112-118.

Bruce A J, Boling W, Kindy M S, Peschon J, Kraemer P J, Carpenter
M K, Holtsberg F W and Mattson M P (1996) Altered neuronal
and microglial responses to excitotoxic and ischemic brain injury
in mice lacking TNF receptors. Nature Medicine 2(7), 788-794.

Bumbasirevic M, Palibrk T, Lesic A and Atkinson H D (2016) Radial
nerve palsy. EFORT open reviews 1(8), 286-294.

Caldwell ] M, Kim H M and Levine W N (2013) Radial nerve injury
associated with application of a hinged elbow external fixator: a
report of 2 cases. J. Shoulder and Elbow Surgery 22(3), el2-



Immuno-hematological response to radial nerve injury and HUC-MSCs therapy in dogs, Iraq

elo6.

Cattin A L, Burden J J, Van Emmenis L, Mackenzie F E, Hoving J J,
Calavia N G, Guo Y, McLaughlin M, Rosenberg L H, Quereda V
and Jamecna D (2015) Macrophage-induced blood vessels guide
Schwann cell-mediated regeneration of peripheral nerves. Cell
162(5), 1127-1139.

Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, Li Y, Wang X and Zhao
L (2018) Inflammatory responses and inflammation-associated
diseases in organs. Oncotarget 9(6), 7204-7218.

Clark R S, Kochanek P M, Schwarz M A, Schiding J K, Turner D S,
Chen M, Carlos T M and Watkins S C (1996) Inducible nitric
oxide synthase expression in cerebrovascular smooth muscle
and neutrophils after traumatic brain injury in immature rats.
Pediatric Res. 39(5), 784-790.

De Carvalho C R, Oliveira J] M and Reis R L (2019) Modern trends
for peripheral nerve repair and regeneration: Beyond the hollow
nerve guidance conduit. Front. Bioenginee. Biotechnol. 7 (337),
1-30.

Fleur M L, Underwood J L, Rappolee D A and Werb Z (1996)
Basement membrane and repair of injury to peripheral nerve:
defining a potential role for macrophages, matrix
metalloproteinases and tissue inhibitor of metalloproteinases|.
The J. Exp. Med. 184(6),2311-2326.

Fregnan F, Muratori L, Simdes A R, Giacobini-Robecchi M G and
Raimondo S (2012) Role of inflammatory cytokines in peripheral
nerve injury. Neural Regeneration Res. 7(29), 2259.

Furlan J C, Krassioukov A V and Fehlings M G (2006) Hematologic
abnormalities within the first week after acute isolated traumatic
cervical spinal cord injury: a case-control cohort study. Spine
31(23), 2674-2683.

Garcia J M, Stillings S A, Leclerc J L, Phillips H, Edwards N J,
Robicsek S A, Hoh B L, Blackburn S and Doré S (2017) Role of
interleukin-10 in acute brain injuries. Frontiers in Neurol. 8,244,
1-17.

Gordon HM, Kucera G, Salvo R and Boss J M (1992) Tumor necrosis
factor induces genes involved in inflammation, cellular and tissue
repair, and metabolism in murine fibroblasts. The J.
Immunol. 148(12), 4021-4027.

GuoZ Y, Sun X, Xu X L, Zhao Q, Peng J and Wang Y (2015) Human
umbilical cord mesenchymal stem cells promote peripheral nerve
repair via paracrine mechanisms. Neural Regeneration Res. 10(4),
651-658.

Jabbour H, Sales K, Catalano R and Norman J (2009) Inflammatory
pathways in female reproductive health and disease.
Reproduction 138, 903-919.

Javdani M, Sadeghi Sefiddashti M, Ghorbani Ghahfarokhi R, Nafar
Sefid Dashti M and Barzgar Bafrouei A (2018) P169: The Role
of Lymphocytes in Spinal Cord Injury and Pain; T Helper Cells
(TH1 and TH2 Cells). The Neurosci. J. Shefaye Khatam 6(2),
200-225.

Kassambara A (2017) Practical guide to cluster analysis in R:
Unsupervised machine learning. Datanovia 1, 17-22.

Keskil S, Baykaner M K, Ceviker N and Aykol S (1994) Head trauma
and leucocytosis. Acta Neurochirurgica 131(3-4), 211-214.

Kline A E, Bolinger B D, Kochanek P M, Carlos T M, Yan H Q,
Jenkins L W, Marion D W and Dixon C E (2002) Acute systemic

administration of interleukin-10 suppresses the beneficial effects
of moderate hypothermia following traumatic brain injury in

6455

rats. Brain Res. 937(1-2), 22-31.

Korompilias A V, Lykissas M G, Kostas-Agnantis I P, Vekris M D,
Soucacos P N and Beris A E (2013) Approach to radial nerve
palsy caused by humerus shaft fracture: is primary exploration
necessary? Injury 44(3), 323-326.

Kumar R, Sinha S, Hagner A, Stykel M, Raharjo E, Singh K K, Midha
R and Biernaskie J (2016) Adult skin-derived precursor Schwann
cells exhibit superior myelination and regeneration supportive
properties compared to chronically denervated nerve-derived
Schwann cells. Exp. Neurol. 278, 127-142.

Leung L and Cahill C M (2010) TNF-a and neuropathic pain-a
review. J. Neuroinflammation 7(1), 27-38.

LiZ,Qin H, Feng Z, Liu W, Zhou Y, Yang L, Zhao W and Li Y (2013)
Human umbilical cord mesenchymal stem cell-loaded amniotic
membrane for the repair of radial nerve injury. Neural
Regeneration Res. 8(36), 3441-34448.

Liao W, Zhong J, Yu J, Xie J, Liu Y, Du L, Yang S, Liu P, Xu J, Wang
J and Han Z (2009) Therapeutic benefit of human umbilical cord
derived mesenchymal stromal cells in intracerebral hemorrhage
rat: implications of anti-inflammation and angiogenesis. Cell.
Physiol. Biochem. 24(3-4), 307-316.

Liefner M, Siebert H, Sachse T, Michel U, Kollias G and Briick W
(2000) The role of TNF-o during Wallerian degeneration. J.
Neuroimmunol. 108(1-2), 147-152.

Liesz A, Zhou W, Na S Y, Himmerling G J, Garbi N, Karcher S,
Mracsko E, Backs J, Rivest S and Veltkamp R (2013) Boosting
regulatory T cells limits neuroinflammation in permanent cortical
stroke. J. Neurosci. 33(44), 17350-17362.

Lindborg J A, Mack M and Zigmond R E (2017) Neutrophils are
critical for myelin removal in a peripheral nerve injury model of
Wallerian degeneration. J. Neurosci. 37(43), 10258-10277.

Lindner H, Holler E, Ertl B, Multhoff G, Schreglmann M, Klauke I,
Schultz-Hector S and Eissner G (1997) Peripheral blood
mononuclear cells induce programmed cell death in human
endothelial cells and may prevent repair: role of cytokines. Blood
89(6), 1931-1938.

Liu P, Peng J, Han G H, Ding X, Wei S, Gao G, Huang K, Chang F and
Wang Y (2019) Role of macrophages in peripheral nerve injury
and repair. Neural Regeneration Res. 14(8), 1335-1342.

Long-En C H N, Seaber A V, Wong G H and Urbaniak J R (1996)
Tumor necrosis factor promotes motor functional recovery in
crushed peripheral nerve. Neurochemistry Int. 29(2), 197-203.

MaY, Dong L, Zhou D, Li L, Zhang W, Zhen Y, Wang T, Su J, Chen D,
Mao C and Wang X (2019) Extracellular vesicles from human
umbilical cord mesenchymal stem cells improve nerve
regeneration after sciatic nerve transection in rats. J. Cellular
and Molecular Medicine 23(4),2822-2835.

Madden K S, Stevens S Y, Felten D L and Bellinger D L (2000)
Alterations in T lymphocyte activity following chemical
sympathectomy in young and old Fischer 344 rats. J.
Neuroimmunol. 103(2), 131-145.

Margiana R, Aman R A, Pawitan J A, Jusuf A A, Ibrahim N and
Wibowo H (2019) The effect of human umbilical cord-derived
mesenchymal stem cell conditioned medium on the peripheral
nerve regeneration of injured rats. Elect. J. Gen. Med. 16(6), 1-
15.

Missori P, Salvati M, Bristot R and Delfini R (1997) Early leukocytosis
in patients with neurotrauma. A marker for minor head injury



6456

patients. Clin. Neurol. Neurosurg. 99, S79-S81.

Nguyen D H, Cho N, Satkunendrarajah K, Austin J W, Wang J and
Fehlings M G (2012) Immunoglobulin G (IgG) attenuates
neuroinflammation and improves neurobehavioral recovery after
cervical spinal cord injury. J. Neuroinflammation 9(1), 224-228.

Nguyen G T, Green E R and Mecsas (2017) Neutrophils to the ROScue:
mechanisms of NADPH oxidase activation and bacterial
resistance. Fronti. Cell. Infection Microbiol. 7,373, 1-24.

Ning X, Li D, Wang DK, Fu J Q and Ju X L (2012) Changes of
biological characteristics and gene expression profile of umbilical
cord mesenchymal stem cells during senescence in
culture. Zhongguo shi yan xue ye xue za zhi 20(2), 458-465.

Niver G E and Ilyas A M (2013) Management of radial nerve palsy
following fractures of the humerus. Orthopedic Clinics 44(3),
419-424.

Offner H, Chen Y, Murphy S and Bodhankar S (2013) IL-10-producing
B cells limit CNS inflammation and infarct volume after
experimental stroke in mice (P1090). J. Immunol. 1 (1), 185-
190.

Olaifa A K (2018) Successful Management of Radial Nerve Paralysis
in a 2-Years- Old Mongrel. Inter. J. Medical Reviews and Case
Reports 2(3), 70-72.

Perkins N' M and Tracey D J (2000) Hyperalgesia due to nerve injury:
role of neutrophils. Neuroscience 101(3), 745-757.

Rotshenker S (2011) Wallerian degeneration: the innate-immune
response to traumatic nerve injury. J. Beuroinflammation 8(109),
1-15.

Rovlias A and Kotsou S (2001) The blood leukocyte count and its
prognostic significance in severe head injury. Surgical Neurology
55(4), 190-196.

Scherbel U, Raghupathi R, Nakamura M, Saatman K E, Trojanowski
J Q, Neugebauer E, Marino M W and Mclntosh T K (1999)
Differential acute and chronic responses of tumor necrosis factor-
deficient mice to experimental brain injury. Proc. Natl. Acad.
Sci. 96(15), 8721-8726.

Seddon H (1943) Three types of nerve injury. Brain 66 (1), 237-288.

Song R, Kim J, Yu D, Park C and Park J (2012) Kinetics of IL-6 and
TNF-4 changes in a canine model of sepsis induced by endotoxin.
Veterinary Immunol. Immunopathol. 146(2), 143-149.

Sorensen P S (2008) Intravenous polyclonal human immunoglobulins
in multiple sclerosis. Neurodegenerative Diseases 5(1), 8-15.

Stangel M and Pul R (2006) Basic principles of intravenous
immunoglobulin (IVIg) treatment. J. Neurology 253(5), v18-v24.

Straczkowski M, Kowalska I, Nikolajuk A, Krukowska A and Gorska
M (2005) Plasma interleukin-10 concentration is positively
related to insulin sensitivity in young healthy individuals.
Diabetes Care 28(8), 2036-2037.

Haidar H. E. Al-Magsoosi et al

Stratton J A and Shah P T (2016) Macrophage polarization in nerve
injury: do Schwann cells play arole?. Neural Regeneration Res.
11(1), 53-57.

Sunderland S (1968) Nerves and Nerve Injuries. Williams & Wilkins:
Baltimore 1968, 808-885.

Tezcan A H (2017) Peripheral Nerve Injury and Current Treatment
Strategies. In: Peripheral Nerve Regeneration-From Surgery to
New Therapeutic Approaches Including Biomaterials and Cell-
Based Therapies Development. In: Tech, Rijeka, Croatia, pp.3-
30.

Uncini A, Di Muzio A, Di Guglielmo G, De Angelis MV, De Luca G,
Lugaresi A and Gambi D (1999) Effect of thTNF-« injection
into rat sciatic nerve. J. Neuroimmunol. 94(1-2), 88-94.

Van Exel E, Gussekloo J, de Craen A J, Frolich M, Bootsma-van der
Wiel A and Westendorp R G (2002) Low production capacity of
interleukin-10 associates with the metabolic syndrome and type
2 diabetes: the Leiden 85-Plus Study. Diabetes 51(4), 1088-1092.

Wagner R and Myers R R (1996) Schwann cells produce tumor necrosis
factor alpha: expression in injured and non-injured nerves.
Neuroscience 73(3), 625-629.

Weiss M L, Medicetty S, Bledsoe A R, Rachakatla R S, Choi M,
Merchav S, Luo Y, Rao M S, Velagaleti G and Troyer D (2006)
Human umbilical cord matrix stem cells: preliminary
characterization and effect of transplantation in a rodent model
of Parkinson’s disease. Stem Cells 24(3), 781-792.

Wu P, Spinner R J, Gu Y, Yaszemski M J, Windebank A J and Wang H
(2013) Delayed repair of the peripheral nerve: a novel model in
the rat sciatic nerve. J. Neurosci. Methods 214(1), 37-44.

Xue G, He M, Zhao J, Chen Y, Tian Y, Zhao B and Niu B (2011)
Intravenous umbilical cord mesenchymal stem cell infusion for
the treatment of combined malnutrition nonunion of the humerus
and radial nerve injury. Regenerative Medicine 6(6), 733-741.

Xue G, He M, Zhao J, Chen Y, Tian Y, Zhao B and Niu B (2011)
Intravenous umbilical cord mesenchymal stem cell infusion for
the treatment of combined malnutrition nonunion of the humerus
and radial nerve injury. Regenerative Medicine 6(6), 733-741.

Yang C C, Shih Y H, Ko M H, Hsu S Y, Cheng H and Fu 'Y S (2008)
Transplantation of human umbilical mesenchymal stem cells
from Wharton’s jelly after complete transection of the rat spinal
cord. PloS One 3(10), e3336-e3346.

You J H and Jeong D C (2007) Normal Lymphocyte Subpopulation
of the Spleen is Altered after Peripheral Nerve Injury in Mice.
Korean J. Anesthesiol. 53(6), 42-47.

Zhang C, Shu W, Zhou G, Lin J, Chu F, Wu H and Liu Z (2018) Anti-
TNF-a therapy suppresses proinflammatory activities of
mucosal neutrophils in inflammatory bowel disease. Mediators
of Inflammation 1, 1-12.


https://www.researchgate.net/publication/352465581

