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Introduction

Peripheral nerve defect is a clinical common traumatic dis-
ease. If by autologous nerve transplantation repair of pe-
ripheral nerve defect is inevitable in patients, this increases
the surgical trauma resulting in innervation area dysfunc-
tion [1]. How to choose the ideal nerve graft to replace au-
tologous nerve, to reduce the patients’ secondary trauma is
a problem which requires urgent adequate solution for clin-
ical practice, where many have tried to use parts of skeletal
muscle, its superficial vein or nerve allograft transplanta-
tion substitute for autologous nerve transplantation repair,
but the clinical results are still poor [2,3]. In this study, pla-
cental amniotic membranes wrapped acellular nerve allo-
graft technology to repair sciatic nerve defects in dogs may
play a role in the formation of the basement membrane and
thus leave the sheath for the regeneration of nerve fibers,
directed to remove the obstacles for nerve recycled fiber to
build a good micro-environment in order to provide a theo-

retical basis for clinical application.
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ABSTRACT

Obijectives: To study muscle action potentials, sciatic
nerve conduction velocity, and explore placenta amni-
otic membrane wrapped acellular allogeneic nerve
graft.

Methods: Animals grouping: groups A and B having 6
dogs each, and group C with only 3 animals. Group A
is the allogeneic nerve allograft; Group B: amniotic
membrane wrapped acellular nerve transplantation;
Group C: allogeneic nerve donor. Groups A and B were
anesthetized for bridging nerve allograft. Electrophys-
iology, HE and immunohistochemistry were used to
observe number of axons; and myelin layers in trans-
planted nerves cross-section. Recorded soleus action
potentials and bilateral sciatic nerve conduction veloc-
ity.

Results: Group A showed poor nerve regeneration.
Group B showed more visible schwann cells prolifera-
tion and large number of regenerative fibers P<0.05. A
and B groups' nerve conduction velocity showed
P>0.05.

Conclusion: the study demonstrated Improvement in
nerve morphology and graft quality.
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Materials and Methods

Ethics Statement

Following the principles outlined in the Declaration of Hel-
sinki 1964 for all human or animal experimental investiga-
tions, the authors state that all experimental animals were
bred and handled according to the due protocols. All efforts
were made to minimize suffering and surgical procedures
were performed under 2% sodium pentobarbital anesthesia
applied by intraperitoneal 40mg/kg dose, for exposure of
the right sciatic nerve grafts and contralateral normal sciatic
nerve. Placental tissue was obtained after an informed writ-
ten consent was signed by participant. Authors then ob-
tained appropriate institutional review board approval from
the same Ethical Committee of Henan Province, Zheng-
zhou University for both the use of the animals and the hu-
man placental tissue.
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Experimental animals were 15 healthy mongrels, weighing
20 + 4kg, no gender difference (purchased from the Exper-
imental Animal Center of Zhengzhou University). Animals
were in good condition, shiny fur, safe in their cages, only
1 per cage rearing a liberal normal eating and drinking pat-
tern. The main drugs and reagents: EC glue (Guangzhou
Medical Glue Co. Ltd.), Triton X100 (Sigma, USA), im-
munohistochemical kit (Shanghai Biotechnology Co. Ltd).

Animals grouping

Uniform 15 healthy mongrels were used after being ran-
domly divided into three groups: group A and group B with
6 mongrels per group and group C populated by only 3
mongrels. Group A is the nerve allograft group; Group B:
amniotic wrapped acellular nerve transplantation group;
Group C: nerve allograft donor groups.

Placenta amniotic membrane preparation

From a healthy natural human labor, extracted amniotic
membrane was provided by Luoyang Central Hospital of
Obstetrics and Gynecology, and preparation was made in
reference to Chen You Gang and Zhu Gu Kai [4] method.
The amniotic membrane was rinsed repeatedly until the
film is clean to be observed under light microscope, clean
and bright and then placed in 0.1% NH4OH solution. It was
later removed and placed into 250ml phosphate buffer in
standby (buffer containing Penicillin 400,000 units, Gen-
tamicin 400,000 units). It was afterwards split into 2-4cm
wide and about 4-9cm long strips, and stored at -40°C re-
frigerator.

Preparation of acellular nerves

Group C having only 3 healthy mongrels, received intra-
muscularly 100mg anesthesia according to the dose
(mg/kg). On the medial side, a longitudinal incision of
about 10cm was operated exposing the gap from the vastus
medialis and cut the femoral artery sacrificing the animals
by bleeding to death. Afterward, cut from behind the biceps
femoris to expose the sciatic nerve, and make a bilateral
collection of sciatic nerve cut of about 7-11cm long, then;
extraction treatment steps: (i) 12h bathing in distilled water,
(if) 5.0 % TritonX-100 decomposition for 12h, (iii) re-
placed again in distilled water bath 3h (iv) 5.0% sodium
deoxycholate digestion for 12h (v) after these processes,
once again repeat the cycle time of distilled water for 3h.
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After completion of the extraction and purification pro-
cesses of the sciatic nerve, it was collected and refrigerated
at 4°C in a pH 7.2 phosphate buffer solution to be frozen
and lyophilized. After the above processing cell-free sciatic
nerve, good backup with sterilization processing, the fol-
lowing operations were undertaken: (a) extraction of frozen
sciatic nerve (placed on the

aluminum plate, frozen at -80°C), (b) freeze-dried for 12 h
(at -56 °C in Edwards freeze dryer), (c) repackaging and ir-
radiation sterilization (50 rads y —rays [gamma rays]), (d)
save sample (at 4°C in refrigerator). Then finally, the steri-
lized acellular sciatic nerve is having a good shape.

Preparation of chemical acellular allogeneic nerve
Shape Comparison

Appearance comparison of chemically freeze-dried treated
acellular nerve with the cellularized non treated one in this
way showed no significant change placed in 0.9% saline
solution for 20minutes to restore some neuronal elasticity
and flexibility.

Weight Comparison
Chemically treated Freeze-dried acellular nerve weight was
reduced.

Morphological comparison

Specific steps: chemically treated acellular nerve preserva-
tion by freeze-drying was after 3 months soaked into 0.9%
saline for 30minutes then removed and placed into 10% for-
malin solution for fixation, after 24 hours, rinsed through
distilled water flow, then dehydration into the ethanol gra-
dients, and carried to xylene transparent process, embedded
in paraffin wax block to cool for 30 minutes (the specific
operation is first placed in paraffin blocks 7°C refrigera-
tion), and then installed for slicing on the fixed microtome
surface. Finally stained the sections in HE and in anti - lam-
inin immunohistochemical staining. Viewed under micro-
scope by freeze- drying technique, the chemically treated
acellular nerve continuity presented a good basement mem-
brane, although some appeared bent but not broken; clear
myelin structure and regular arrangement; immunohisto-
chemical staining displays the chemically treated acellular
sciatic nerve basement membrane, in post laminin pro-
cessing compared with pre-treatment, has not been de-
stroyed or lost.
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Animal Anesthesia:

2.5% sodium pentobarbital at a dosage of 10mg/kg body
weight was intravenously administered and duration of an-
esthesia been 2hours to 2.5hours.

Surgical specific steps:

(i) under the narcotic effect, the animals were placed in
prone position, adhesive plaster used at the mouth, limbs
separated, and got fixed with a bandage on the cork board
respectively, after been disinfected with 8% sodium sul-
phide and povidone-iodine, hair were shaved on the right
hind legs and around 15cm surgical area was treated on the
skin, and spread towels ethically. (ii) Six mongrels of group
A and equal 6 in group B, their sciatic nerve were collected
through the right rear side via a longitudinal incision per-
formed on their retractor biceps femoris, transected with a
sharp blade, respectively, resulting in about 5.5cm, 6.0cm,
7.8cm long nerve defect. (iii) A set of operation method:
Corresponding length of allogeneic nerve, under micro-
scope (x10) with 8/0 no damaged membrane sutures anas-
tomosis. (iv) Group B surgical methods: the use of placen-
tal amniotic membrane wrapped allogeneic nerve graft
bridge was done by measuring the length of nerve defect,
take corresponding length of allogeneic nerve, under mi-
croscope cut 2 mm toward the end, with 8/0 no damages in
the end to end sutures. After nerve cut on both ends with
transplanted neural involution, length and diameter match-
ing with the placenta amniotic membrane and no suture
anastomosis, apply adhesive medical glue to form a closed
chamber bonding between fixed ends, amniotic membrane
to be beyond the proximal and distal ends respectively, re-
quired anastomosis about 1.5cm, taking care to avoid con-
tamination of the anastomotic glue. (v) protective muscle
covering the sciatic nerve, after complete hemostasis, with
No.1 silk sutures to close the wound and cover with two
layers of gauze then place bandage.

General situation

After the dogs were housed separately, 8weeks after sur-
gery they were kept observed and

recorded their detailed mental state, physical activity, and
limb motor function based on the wounds progress. After
16weeks of detailed observations and recordings, dogs
were found suffering from foot ulceration and low recovery
and risk of the occurrence of complications of limb func-
tion.
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EMG testing

16weeks after surgery, 2% sodium pentobarbital anesthesia
was applied by intraperitoneal

40mg/kg dose, for exposure of the right sciatic nerve grafts
and contralateral normal sciatic nerve, the nerve stimula-
tion electrode been placed proximal to the anastomosis to
record in the soleus, the signal of the sciatic nerve graft re-
pair, its electrophysiological activity and the soleus muscle
action potential. Measurements include: the soleus muscle
action potential, bilateral sciatic nerve motor velocity, bi-
lateral sciatic nerve sensory velocity.

Morphology

HE staining: 16weeks after taking the sciatic nerve grafts
in each experimental group, sciatic nerve transplantation
materials proximal and distal to the anastomotic end be-
yond 1cm, was processed based in 10% formalin after con-
ventional fixation with paraffin embedding, and serial sec-
tioning will consist of a nerve anastomosis in the range of
2mm, both proximal and distal ends. After conventional HE
staining, nerve transection sections were stained, and
counted the bundles of axons and their areas measured to
calculate the density of the axons.

Statistical Methods

Experimental data were analyzed using SPSS 13.0 soft-
ware, data were expressed as mean + Standard deviation
and were compared using the t test; P<0.05 difference was
set as statistically significant.

Results

General situation

In the two groups of dogs by 2-7weeks after surgery were
gradually appearing side foot swelling, ulceration and poor
limb strength and cannot fully stand erect on their ankles
when walking upright. 7weeks after because of varying de-
grees of exercise, some functional recovering states were
observed; group B was significantly higher than group A in
regards to faster foot ulcers healing. After 16 weeks group
B recovery of motor function was significantly better than
in group A. And group A nerve regeneration results are
poorer, long-term foot and leg swelling, ulcers do not heal;
Group B began to restore nerve function, muscle strength
as calf muscles began to reply, the animals can stand right
on their hind limb.
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Groups of nerve grafts general observation:

After 16weeks, when dogs were with 2% sodium pentobar-
bital anesthetized through an

intraperitoneal dose of 40mg/kg; were exposed the sciatic
nerve transplant, showing from dogs in group A good nerve
grafts continuity with serious surrounding tissue adhesion
localized around the formation of scar tissue, and palpable
anastomotic scleroma, with local to pear-shaped change,
the degree of difference between the nerve surface vessels,
proximal and distal segments of sciatic nerve transplant
been thinner and hardened. Group B dogs transplanted
nerve segment continuity: no nerve graft segments sepa-
rated off and not hardened scar tissue surrounding adhe-
sions, inflammation around the nerve graft segment is not
obvious, but obvious neurological surface capillary net-
work, two anastomoses slightly enlarged, no palpable in
duration and entrapment of pear-shaped change, bridging
transplantation of neural stem proximal and distal segments
expressed normal appearance.

Histological observation

HE staining: nerve graft after 16weeks, in A and B groups
were seen myelinated nerve fibers, but the density distribu-
tions did not show uniformly (Figure 1 and 2).

Figure 1. Chemical acellularised post-treatment; showing
parallel nerve fascicles in undamaged specimens (A). HE
staining (x400).

HE staining myelin regeneration After 16weeks, for both

A and B groups were seen regenerating nerve fibers,
Schwann cells arranged along the direction of nerve fiber
strips. Using light microscope, the sciatic nerve transplan-
tation of group B graft segments were seen more visible
large Schwann cells proliferation; nerve regeneration cross
section shows a large number of nerve fibers.

Figure 2. neurofilament expression demonstrate signifi-
cantly greater numbers of nerve fibers in the autologous
group and disrupted fascicles (arrows in black) of damaged
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nerve with thick non-fused areas (B). HE staining (x400).
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AXxon counts

Axon density is the number of nerve axon units within the
beam area, reflecting the nerve fiber regeneration. As
shown in Table 1, the axon density of group B compared to
group A was statistically significant (P<0.05). Prompt
wrapped placental amnion bridging nerve allograft trans-
plantation, in sciatic nerve defect repair, is more advanta-
geous to axonal regeneration, restoration of nerve fibers
and nerve function.

Table 1. Shows axon density 16weeks postoperatively
(units/100 um?) (M+SD).

Groups Axon density
A 0.725+0.032
B 0.913+0.026*

*Compared with group A, P<0.05.

EMG measurement and analysis

After 16 weeks, in group B, soleus muscle evoked potential
amplitude which was significantly higher than that of group
A, after an incubation period the motricity potentials grad-
ually shortened, their amplitude gradually increased; group
B compared with group A, difference there was statistically
significant (P <0.05) (table 2)

Table 2. Soleus EMG comparison (M£SD).

Groups Amplitude Time
mv) (ms)
A 2.58 £0.71 4.09+1.32
B 5.46+1.13* 12.26+2.57*
Control 12.91+2.58 20.24+3.49

*Compared with group A, P<0.05.
Neural electrophysiological testing

After 16 weeks, group A and group B ipsilateral sciatic
nerve conduction velocity showed no significant difference
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(P>0.05) (Figure 3), compared with normal sciatic, nerve
conduction velocity difference was statistically significant
(P<0.05) (table 3).

Table 3. Comparative 16weeks postoperatively nerve con-
duction speed (m/s) (M+SD).

Groups MNCV SNCV
A 34.25 +4.69 25.15+4.48
B 35.71+3.93* 26.38+4.27*
Normal control

39.48+4.54 28.62+5.16
group

* Compared with group A, P <0.05.

Figure 3. Post 16th week recordings of ipsilateral sciatic
nerve conduction velocity (P>0.05). Less force is produced
(red graph 1.3mA) at a faster stimulus in which muscle
shortened; and maximal power at velocities of 30% of max-
imum shortening velocity (blue graph, 2mA) (NCV =
47.1).

2 mWID 2.0 mA 2 m=/D
0.2 ms
1 Mz
|
* ‘ 1. 3mA
\
p 2mA
19.7 m=
Discussion

In peripheral nerve allograft surgery defects, its antigenic-
ity is mainly due to the nerve Schwann cells and myelin,
and Schwann cell antigenicity of basement membrane was
small [5]. In this experiment, we adopted chemical extrac-
tion methods to optimize both effective ways to remove the
nerve allograft immunogenic components, but also retain
the integrity of Schwann cell basement membrane [6] and
its organizational structure. Research shows that 16weeks
after transplantation [7,8], the Group B experimental ani-
mals transplanted nerve segment continuity is good, and
there are no scar tissue adhesions around the nerve grafts
no shedding and separation and no obvious inflammatory
response [9]; while in Group A transplanted nerve segment

showed delicate surrounding tissue adhesion, and thinning

ANNALS OF BRITISH MEDICAL SCIENCES. 2016; 2 (2): 3-9

of sciatic nerve segment hardening and difference in sur-
face neural vascularization degree. This experiment further
confirmed that the optimization of chemical extraction
method can reduce the occurrence of postoperative immune
rejection as stated by Hudson et al. [10]. Amnion is
bounded in a biofilm between mother and fetus, and has the
characteristics of immune privilege and good biological
compatibility. The amnion immunogenicity did not only fa-
vor the nerve regeneration chamber, but can also effectively
guide the nerve fiber regeneration for nerve defects repair
and provide a good microenvironment [11]. The experi-
mental results show that after 16weeks, the placenta amni-
otic membrane wrapped allograft segment had a good nerve
continuity, there was no loss of nerve grafts neither separa-
tion, no adhesion with the surrounding tissues, neural sur-
face has a new capillary network [12], while the untreated
ordinary allograft segment got adhesion with the surround-
ing tissue, proximal and distal segments of sciatic nerve
transplant thinning and hardened and got a neural surface
vascularization difference. The light microscope view of
group B graft segments were seen beyond the large sciatic
nerve, Schwann cells proliferation, and regeneration of
nerve cross-section shows a large number of nerve fibers.
Its axon density compared with group A, the difference was
statistically significant. Prompt placental amnion bridging
nerve allograft transplantation did not show obvious rejec-
tion and is more advantageous to the axon, nerve fiber cells
regeneration and recovery of neurological function. Nerve
conduction velocity in EMG is the most commonly used
detection function of peripheral nerve electrophysiology
observation indexes, MNCV and SNCV respectively re-
flecting both the state of motor and sensory fiber of sciatic
nerve function. Supported by the work of Mligiliche et al.
[13]; this study found that 16weeks postoperatively, the
evoked soleus potential amplitude in the experimental
group B is higher than in group A. The two groups of ex-
perimental dogs expressed short potential of the incubation
period, amplitude increasing gradually. And nerve electro-
physiology was not showing any significant difference
(P>0.05), and this could be due to short observation time
[14]. Further observations are needed in upcoming experi-
ments. In this experiment, we observed no obvious sur-

rounding tissue adhesion neither inflammatory reaction,
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less scar tissue, nerve regeneration and small resistance
[15], the axon density was large, and high- soleus muscle
potential amplitude. From the experimental results, alloge-
neic nerve was extremely of low antigenicity nerve graft
substitute materials after chemical extraction, and the im-
mune rejection [7, 16] in clinical application can be pre-
vented by more selective transplanted segment material. In
this study, we make full use of placental amniotic mem-
brane, low immunogenicity, and inhibiting the inflamma-
tory response character such as scar hyperplasia, acellular
allogeneic nerve to form a relatively closed elongated nerve
compartment [17], to avoid interference with the anasto-
motic suture, combined with medical adhesive application,
select diameter, length and nature of allogeneic acellular
nerve perfectly matching the dog sciatic nerve cells, give
full play to the role of the contact -induced , to guide the
growth and regeneration of axons in breaking away from
the remote proximal nerve tends, highly selective extension
growth, reduce wrong nerve axons to regenerate, while en-
suring consistent enough strength to avoid postoperative
nerve stump separation, falls-off phenomenon, hence to im-
prove the positive effect of repair of peripheral nerve [14].
Our study demonstrated that we could achieve an increase
in nerve fiber number and reduce aberrant axonal regener-
ation, which is accompanied by an improvement in nerve
function. Our data showed improvement in several param-
eters of functionality, including larger amplitudes of
evoked potentials and improved velocity. Therefore, this is
a simple and effective method for repairing peripheral
nerve defects, with broad prospective application worth of
further research. If rehabilitation is achieved for the recov-
ery of neural and limb function, placental amniotic mem-
brane wrapped acellular allogeneic nerve transplantation

could be used in the clinic.
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