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INTRODUCTION

Repairing nerve lesions is a serious health 

problem annually affecting 2.8% of patients [1]. In the 

annual database there are about 360,000 cases of 

peripheral nerve injuries in the U.S. and over 300,000 in 

Europe [2]. This type of injury is the cause of many 

lifelong disabilities, although peripheral nerves have 

self-regeneration capacity for less severe injuries. 

Therefore, there is a continuous international concern 

for a better recovery of nerve functions. Suturing 

terminal ends is an effective method for short-term 

nerve lesions while long-term nerve injuries require 

tubular structures [3].
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Autologous nerve grafts are considered “gold 

standard” for long lesion repair, but for these, available 

tissues are limited, and the tissue sizes and structures 

are asymmetric [1-4].
Therefore nerve grafts have been developed, 

through bioengineering, from polymeric materials with 
well-established properties and dimensions as 
required by peripheral nerve regeneration. These 
materials are available in a wide range, from polymers 
of natural origin to non-degradable and biodegradable 
synthetic polymers.

There are many techniques for manufacturing 
polymers in order to obtain nerve conductors. Natural 
polymers used to produce nerve conductors include 
chitosan [5-11], collagen [12-24], gelatin [25-30], 
hyaluronic acid (HA) [31-34] and silk fibers [35, 36]. 
These polymers provide excellent biocompatibility, 
they are an ideal base for attachment and 
functionalization of cells, they decrease the frequency 
of immune response, they provide appropriate signals 
to cells without requiring growth factors and can be 
degraded by natural enzymes [37-39]. However, 
natural polymers have variations and require 
purification and characterization from batch to batch. 
Moreover, most of them do not have good mechanical 
strength and degrade relatively quickly in vivo [37-39]. 
Often natural polymers require chemical modification 
and cross-linking or combinations with other structural 
components such as synthetic polymers with good 
mechanical properties. Due to their low denaturation 
temperature and thermal stability, natural polymers 
are generally produced at room temperature by 
injection, immersion and electrospinning from 
polymer solutions.

An ideal biodegradable conductor should involve 
properties of maintaining its integrity and structure, to 
allow cell-cell communication and thus restore tissue 
during regeneration processes. For this to be achieved, 
the vital factors are mechanical properties, processing 
and material biocompatibility.

This paper presents the biocompatibility study 
with isolated neurons from neuroblastoma and glioma 
cell line of a nerve conductor from collagen obtained 
through a special technique [40]. 
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MATERIALS AND METHODS

A collagen conductor obtained using a special 
technology [40] in the Collagen Department of INCDTP 
- Division ICPI constituted the subject of the 
biocompatibility study. FT-IR, DSC, SEM analyses, water 
absorption and enzymatic degradation were 
performed using the previously described methods of 
analysis [41-43].  

Cell Culture

For in vitro citocompatibility tests we used two 
different cell lines: HTB11 (neuroblastoma cell line 
derived from human bone marrow) and HTB14 glioma 
cell line. The cells were seeded onto collagen samples 

3 2at 25×10  cells/cm  density, and cultured in Dulbecco's 
Modified Eagle Medium (DMEM) with 1‰ glucose 
supplemented with 10% fetal bovine serum (FBS), 100 
U/l penicillin, 100 U/l streptomycin and 50 U/l 
neomycin. The cell viability was assessed at 72 h after 
seeding.

Cell Viability

Cell viability was determined by MTT (Sigma 
Germany) assay - a colorimetric method for the 
determination of cell densities. The assay is dependent 
on the cleavage of the yellow tetrazolium salt to the 
purple formazan crystals by metabolic active cells. 
Because tetrazolium salts are reduced to a colored 
formazan only by metabolically active cells, these 
assays detect viable cells exclusively. The cells on 
collagen samples were incubated with 0.5mg/mL of 
MTT for 4 h and then the medium was decanted, 
formazan salts were dissolved with 0.1N HCl in 
anhydrous isopropanol and the optical density of the 
formazan solution was read on a TECAN 24-well plate 
reader. As positive control we used cells grown only in 
culture medium. The results were expressed as viability 
percentage. 

BIOCOMPATIBILITY STUDY OF COLLAGEN NERVE CONDUCTORS
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RESULTS AND DISCUSSIONS

Generally, an ideal nerve conductor must be non-
cytotoxic, permeable, flexible enough, with an 
adequate degradation rate in order to enable axon 
regeneration and have minimal inflammatory 
responses [4].

The collagen nerve conductor used (Figure 1) was 
characterized through FT-IR spectrophotometric 
analyses, DSC thermal analyses, morphologic analyses 
such as water absorption and SEM, and enzymatic 
degradation.

FT-IR analyses show that the triple helix structure 
of the collagen was left intact, and the collagen used 

-1preserved its characteristic bands at 3340 cm  for 
-1 -1amide A, 2929 cm  for amide B, 1650 cm  for amide I, 

-1 -11550 cm  for amide II and 1240 cm  for amide I, as it can 
be seen in Figure 2.
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Thermal analyses, as well as enzymatic 
degradation also show good stability of the nerve 
conductor. The latter presents a denaturation 
temperature of 94.8°C in nitrogen atmosphere and 
degrades in vitro in a collagenase solution by 54% after 
3 weeks.

SEM images in Figure 3, in section (a) and on the 
surface (b), exhibit homogenous porous structures, 
with interconnected pores of sizes ranging between 5-
20 µm, and the inner diameter is approximately 1.3 
mm.  

Due to the obtaining technology, the nerve 
conductor absorbs up to 80% water, a low amount 
compared to spongious forms which absorb up to 300-
400% water. 

The collagen conductor with the established 
characteristics was tested in terms of biocompatibility 
with HTB11 and HTB14 cells. Viability results are 
presented comparatively in Figure 4, and fluorescence 
microscopy images in Figure 5.  

a) b)
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As it can be noticed in Figures 4 and 5, the nerve 
conductor supported the adhesion and growth of 
neural cells, A higher degree of colonization was 
recorded in the case of astrocytes (HTB14), results 
confirmed by MTT analyses (Figure 4).

a)

b)
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CONCLUSIONS

Nerve conductors based on collagen were 
developed, with well-established properties and sizes. 
These materials present a native collagen fibrillar 
structure, they are resistant to temperature, to 
enzymatic degradation, they have a uniform 
microporous structure with pores of 5-20 µm and 
diameter of 1.3 mm, they are biocompatible with 
neural cells. Due to physical-chemical, morphologic 
and biocompatibility characteristics, the collagen nerve 
conductor proved to be a promising biomaterial for 
nerve regeneration.
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