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Abstract

Peripheral nerves damageisafrequent pathol ogy with significant socio-economic significance.
The aim is to study the possibility of using fibrin matrices filled with neuroinduced
mesenchymal stem cells (NMSC) to restore integrity of peripheral nerves. Methods. The
study was carried out on 40 mongrel female rats. Sciatic nerves (SN) of all rats were
intersected and then reconstituted using various methods. nM SC were obtained from rats’
bone marrow and cultivated by special method. Results. Total anatomical rupture of SN
without treatment led to persistent neurologic deficit (SFI = -98) in E1 group. Partial
restoration of SN function increased to SFI = -37 on the 30" day in E2 (operative
reconstruction) group. Partial restoration of SN function occurred after 20 days (SFI = -64)
in E3 group (transplanted acellular fibrin matrix). Partial restoration of SN function started
at the 3 day, stably increased to SFI=-27 on 30" day in E4 group (transplanted fibrin matrix
with nM SC). Histological evaluation showed: there were alternating portions of connective
tissue with portions of nerve fibersin E2 group; in E3 group large scar was formed at the
place of transplanted fibrin matrix; in E4 were found spindle-shaped and stellate cells with
long processes running from one side of SN to another, cells of connective tissue and thin
nerve fibers. Conclusions. It has been shown that transplantation of the fibrin matrix with
nM SC was more effective for treatment of SN traumathan transplantation of cell-freefibrin

matrix and close to the results of surgical reconstruction.
Keywords. mesenchymal stem cells, sciatic nerve, fibrin matrix.

Introduction

Peripheral nerves damage is a frequent
pathology with accounting for 13 to 23 cases per
100 people ayear [1].

Eveninggnificantinjury of themuscul oskeletal
system can be accompanied by the damage to
peripheral nerves and cause partial or complete
lossof limb function. The number of suchvictims
isincreasing annually duetoincreasing frequency
of technogenic injuries and complex combined
injuries of the musculoskeletal system. Rapid
urbanization leadsto increasing neurotraumatism
on average by 2% per year [2]. In Ukraine,
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injuries occur every year in 2500-3000 people
affected, 60—75% of them are disabled.

Functional recovery has paramount
importancefor therescueof limbsin thetreatment
of periphera nervesinjuries. [1] They canrange
from compression of the nerveto complete nerve
transection. Trauma can affect different nerves
causing respective regional paralysis. It is
characterized by muscleweskness, reflexeschanges,
numbness, severe pain, motor dysfunction and
prolonged disability.

In recent years, fundamentally new
opportunities have been opened up in the
reconstructive surgery of injuries and treatment
of compression-ischemic lesions of nervetrunks
mainly through the improvement of surgical
techniques[10]. In most cases, trauma of nerves
due to the specific nature of anatomical and
topographic relationshipsisrarely isolated. Very
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often is it accompanied by damage to the blood
vessals, bones and soft tissues.

Pathomorphological changes that develop
after the damage of arteriesand peripheral nerves
are characterized by replacement of these
structureswith fibroustissue and the devel opment
of tendogenic and arthrogenic contractures,
delayed consolidation of bone structures as a
conseguence.

Despite the achievements of microsurgical
techniquesin theimposition of primary epineural
suture or autotransplantation, thefunctional results
are often unsatisfactory, especidly if thereis a
significant size of the nerve defect. The
effectivenessof surgica interventionson periphera
nerves depends on the type of adamage and the
nature of the operational technique [5].

In connection with the foregoing, theissue
of saving and adequate treatment after various
injuries with the damage of peripheral nerve
trunks requires devel opment of fundamentally
new methodological approaches to treatment
[19].

The known surgical methods for replacing a
nerve defect are mainly aimed at transplanting
the nervousor any other tissueinto agap between
the central and peripheral segments, as well as
various artificial materials. Nerves, muscles,
vessels, tubes of polymers of lactic and glycolic
acids, polyphosphoether polymers are used for
this. However, these techniques also have a
number of drawbacks, such as development of
necrosis and graft rejection. Germination of
regenerating axons under these conditions is
difficult and often gives complications.

Development of cellular technologies and
tissue engineering methods gave new prospects
for effective methods of regenerative medicine
development for the restoration of peripheral
nerves, such as, autotransplantation using new
biopolymer materials, stem cells and tissue
engineering structures[3, 14, 17].

2. Purposes, subjects and methods:

2.1. Purpose of the work was to study the
possibility of using biodegradablefibrin matrices
filled with neuroinduced mesenchymal stem cells
(MSC) of the bone marrow to restore the
anatomical and functional integrity of the
peripheral nervesinrats[17, 18].

2.2. Subjects & Methods

Thestudy wascarried out on40 mongrel femae
rats aged 4-5 monthsweighing 250+50 g., which
were contained in the standard conditions of
the KhNMU vivarium, in compliance with the
current bioethical standards (Council Directive

86/609/EEC of 24 November 1986 on the
approximation of laws, regulations and
administrative provisions of the Member States
regarding the protection of animals used for
experimental and other scientific purposes;
European Convention for the Protection of
Vertebrate Animals used for Experimental and
Other Scientific Purposes Strasbourg,
18.111.1986; Law of Ukraine No. 3447-1V "On
the Protection of Animalsfrom cruelty”, 2006).

Sciatic nerve injury model in rats. Surgery
was performed under general anesthesia
(intraperitoneal administration of a mixture of
solutions of xylazine— Sedazin, Biowet, Poland,
15 mg kg and ketamine — Calipsol, Gedeon
Richter, Hungary, 70 mg/kg body weight). The
animal was fixed on the operating table in the
mid-physiologica position. Observing therulesof
asepsis and antiseptics, after the treatment of the
operating field, alinear cut of the skin was made
along the lateral surface of the left thigh in the
projection of the sciatic nerve.

With the tools ("mosquito” type, surgical
clamp, surgical forceps) left sciatic nerve (SN)
was picked up and mobilized. At a distance
(20£1.5) mm from the exit point of the SN from
the small pelvis cavity a fragment (7£2) mm in
length was cut by blade. After thorough
hemostasisin animals of al groups, the surgical
wound was closed with onerow of nodular sutures
using an atraumatic needle with amonofilament
polyamide thread No. 3/0 (Olimp, Ukraine).
Cephthriaxone ("Darnitsa’, Ukraine, 20 mg/kg
body weight) was used to prevent infectious
complications. Solution of dexamethasone (KRKA,
Slovenia, 6 mg/kg body weight) was administered
intraperitoneally for anti-inflammatory and anti-
edematous effect. The animals were kept in a
room with an increased air temperature (30 °C).
Nerve transection and repair was done on the
left limb, and the contralateral limb served as a
non-transected nerve control.

MSC preparation and administration

To obtain MSC culture of rats, bone marrow
wasflushed from thetibia, washed twicein Hanks
solution, centrifuged at 430 g for 10 minutes. The
cellswere sowed inratio of 50 million per culture
flask (75 cm?, Nunc) and cultured in DMEM/
F12 medium (1/1) with 10% FBS (fetal bovine
serum) in a CO2 incubator. After 24 hours the
culture medium with non-adherent cells to the
substrate was removed, fresh culture mediumwas
added and the remaining fibroblasts-like MSCs
had been cultivated for the next 14 days, changing
the medium every three days.
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After formation of the monolayer, MSC were
removed from the bottom of the vials and
resuspended in Hanks solution to the required
concentration. All reagents, serums and media
came from SIGMA-ALDRICH (USA).

Nulturemediumwith 296 fetal bovineserumand
a solution of retinoic acid (10-6M) were used for
neuroinduction of bone marrow MSC of rats[6].

Neuroinduced MSCs were resuspended in
Hanks solution (500,000 cells/ml each) and mixed
with blood plasma in a ratio of 1:2. Calcium
chloride was added to the mixture to the
concentration of 0.3% in solution and mixed. Then
mixture was taken into a sterile silicone tube of
3 mm in diameter and incubated at 37 °C for
20 minutes to form a fibrin gel. After
polymerization, theresulting matrix was extruded
from the tube using a syringe and cut into
transplants of the required size. The cell-free
matrices were prepared similarly by mixing
Hanks' solution with blood plasma and calcium
chloridein the same proportions.

Theanimalsweredividedinto 4 groupsof 12
individual seach.

The sciatic nerve was cut through in the
animals of the first group (E1) crossed without
subsequent restoration (Fig. 1) The animals of
group 2 (E2) recovered the excised fragment of
the nerve trunk by epineural neuroraphy end-to-
end using atraumatic needle with amonofilament
polyamide thread No. 9/0 (DEVTS Olimp,
Ukraine) under the magnification of an operating
microscope (magnificationx 12) (Fig. 2). Animals
of group 3 (E3) restored theintegrity of thenerve
trunk withfibrin cell-freematrix (Fig. 3) Inanimals
of group 4 (E4), the integrity of the nerve trunk
was restored with fibrin matrices filled with
neuroinduced mesenchymal bone marrow stem

Fig. 1. Rupture without treatment

Fig. 2. Surgical Reconstruction (mag. x10)

cellsof rats (Fig. 3). In Experiments 3 and 4, the
ends of the biomatrix were connected to the ends
of the nerve trunk with the help of fibrin glue,
which was prepared 15 minutes before
application.

Fig. 3. Reconstruction with acellular fibrin
matrix and fibrin matrix with nM SC

Assessment of neurological deficits. The
degree of the sciatic nerve recovery was assessed
by the results of neurological tests, which were
performed 10, 20 and 30 days after the operation.
To control the functional recovery we used
"Walking track analysis" according to the method
of Johnston et a. [15, 16] (Fig. 4) Asadye, an
emerald green alcohol solution was used.

Plantar surfaces of the left (experimental,
letter E beforetheindicator) and right (intact, letter
N before the index designation) of the limbsin
the same animal were measured after obtaining
footprints:

PL (print length) — the distance in mm from the
heel to the Il finger

TS (toe spread) —the distancein mmfrom | to'V
finger ITS (intermediate to toe spread) — distance
inmm from |1 to IV finger.
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Fig. 4. "Walking track analysis" test

The data were calculated using Bain—
Mackinnon—Hunter formulaand then functional
index of the sciatic nerve (SFI-sciatic functional
index) was evaluated.

SFI= -38.3 ((EPL - NPL)/NPL)) + 109,5
((ETS-NTS)INTS)) + 13,3 ((EIT - NIT/NIT)) -
8.8[2].

The obtained data were systematized, both
the average value and the standard deviation of
theindex werecalculated for al groupsof animals.

After SFI count, the results were evaluated.
Result "0" wasthe normal function of the sciatic
nerve, "-100" —was atotal function failure. The
reliability of the differences in the SFI values
obtained among animal groups was measured
using the Mann-Whitney U test.

Histological methods of evaluation. The
animals were removed from the experiment 30
daysafter the operation asaresult of anthiopenta
anesthesiaoverdose. Thetissuesfromthe sciatic
nerve rupture zone (EL), its operative recovery
(E2), or biomatrix transplantation (E3, E4) were
fixed in a 4% solution of paraformaldehyde and
enclosed in paraffin blocks. The sections were

stained with hematoxylin-eosin for a general
cytomorphological evaluation of the tissues and
with Mallory staining for the nerve fibers
detection.
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3. Results and discussion

Asaresult of evaluation of the neurological
condition of animals, it was found that a total
anatomical rupture (8-10 mm) of SN without
treatment in animals of the E1 group leads to a
persistent neurologic deficit that has been
persisting for 30 days of observation (SFI =-98)
inall animals. In experimental group of animals
E2 partial restoration of SN function began on
the 10™ day of evaluation and increased to SFI =
-37 on 30" day after operative reconstruction of
nerve trunk. In E3 group of animals with a
transplanted acellular fibrin matrix, the partial
restoration of SN function (SFI = -64) occurred
in animals after 20 days and remained stable on
30" day after the operation. In E4 experiment,
partial restoration of CH function was started in
80% of the animals on the 3 day of observation,
stably increased on the 10", 20" and 30" days
after the operation and reached values (SFI=-27),
comparablewith theresultsin the E2 group. The
resultsof all groupsaregraphically displayed for
comparison (Fig. 5).

Analysis of histological specimens of tissue
from the trauma zone showed that in group E3
with complete anatomical rupture of SN

Comparative results of the experiment
Day of observation

-100 100

-120

Sciatic functional index

Ey. —rd

Fig. 5. The results of al groups in comparison
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spontaneous recovery of nerve fibers does not
occur and connective tissueisformed at the site
of SN disruption. On the tissue specimens of SN
(E2) therewere alternating portions of connective
tissue scar with portions of nerve fibers.
Apparently, it can explained the partial restoration
of SN function in many animalsfrom thisgroup.
In most animals of E3 group the formation of a
large scar at the site of the transplanted fibrin
matrix was observed. Only in 3animalsfromthis
group among the fibroblasts clusters, thin nerve
fibers were found. Probably, the fibrin cell-free
matrix may be asubstrate for the growth of nerve
fibers from one end of SN to the other in some
cases. Spindle-shaped and stellate cellswith long
processes running from one end of SN to the
other, cells of connective tissue and thin nerve
fibers except of MSC (Fig. 6) were found on

L e o r
[

- i —
Fig. 6. Nerve tissue sample (mag. x100)

the specimens of grafts with induced MSC from
the trauma zone on the 30rd day after the
operation. Thiscan explain the high efficiency of
restoring the function of SN after transplanting
the matrix with neuroinduced M SC into the zone
of rupture.
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2. A method for obtaining tissue-engineering
structure based on blood plasmaand neuroinduced
MSC of rat bone marrow for reparation of the
sciatic nerve was devel oped.

3. This method of recovery in peripheral
nerve damage utilizing MSCs is attractive,
feasible, and promising. M SC therapy improved
limb functional recovery in peripheral nerve
damage. Research of novel approaches such as
mesenchymal stem cell transplantation is
expected to make a significant impact in the
clinical outcome of nerveinjuries.
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