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SUMMARY: Peripheral nerve regeneration is a serious clinical problem. The goal of this work was to evaluate comparatively a
biopolymer tube of sugarcane with an expanded polyethylene tube as a tube guide in peripheral nerve regeneration. Faillsttaen male
Wistar rats were used, separated into three different groups: control (CG), lesion + polyethylene tube (PG) and lesiame sugarc
biopolymer (SBG). At 60 days old, animals from the PG and SBG underwent surgery for tubulization of the sciatic nervesyand 60 d
after the injury they were sacrificed for collection of the nerve. In the analysis of the number of nerve fibers, a snhalievasiseen
in the PG and SBG groups compared to the CG, no difference was seen between the PG and SBG groups (p<0.05). With regard to the
number of blood vessels, the SBG group had a larger number than the CG and PG groups (p<0.05). The SBG also preseated increase
axonal diameter and G -ratio compared to PG (p<0.05). Taken together these data revealed that biopolymer tube favors a suitable
environment for peripheral nerve regeneration.

KEY WORDS: Nerve regeneration; Biomaterials; Biopolymer; Sugarcane; Sciatic nerve.

INTRODUCTION

Peripheral nerves are commonly exposed to physical da Silveet al (2014) demonstrated that Schwann cells
injuries that should case significant sensory and motor deficitteract via the p75 neural growth factor (NGF) receptor,
in the affected individuals, as well as pain and other unpleasamducing regeneration after nerve axotomy. However, this
sensations, resulting in devastating impact on patients’ qualftyocess may be impaired when complete nerve transection
of life. Traumatic injuries to the nervous system affect millionsccurs leading to the impossibility to get axonal regeneration
of people worldwide every year and these severe injuries céiRaimondoet al, 2011). In these cases, reconstructive
cause substantial nerve defects éBal, 2014). After axonal surgery is required as a therapeutic management to achieve
injury, a series of physiological events occurs in the injuregkerve regeneration and function restoration.
tissue, in order to re-establish a functional connection between
the nerve and target organ. This repair process involves several ~ Several options and techniques have been developed
factors such as inflammatory cells recruitment, proliferatioaver the years, each with specific indications and limitations.
of Schwann cells and release of pro-regenerative factors ahide tubulization technique seems to favor a greater
products of the extracellular matrix, which provide a growerientation of the neural stumps and the concentration of
promoting microenvironment for regenerating axons (Ribeiraxeurotrophic factors released by nerve ends during the
Resendet al, 2009). regenerative process (Geustaal, 2014).
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Several materials have been used to create the optimal ~ The present study tested the feasibility of using a
tubular structure for a nerve conduit. Natural biomaterials susligarcane biopolymer artificial for application as guide tubes
as autologous nerve grafts or muscles, vein and tendons havéhe peripheral nerve regeneration process, after experi-
the disadvantage of causing donor site morbidity, sensory lasgntal neurotomy.
or neuroma formation (Muheremu & Ao, 2015). For this
reason, artificial nerve guide could be used to bridge the gap
(Raimondocet al). Non-degradable synthetic materials, SUCMATERIAL AND METHOD
as silica gel, silicone and polyethylene were one of the first
alternatives to replace the natural biomaterials (Muheremu &

Ao). However, the main disadvantage of these conduits, is All surgical procedures and protocols were performed
that they have to be explanted after integration because @amccordance with the Ethical Principles in Animal Research
cause an excessive scar tissue, producing chronic compressieiforth by the Brazilian College of Animal Experimentation
of the nerve and inhibiting nerve functional recovery @u and were approved by the committee in animal
al.). Furthermore, additional surgical is required to removexperimentation of UFPE (#004721/2007-95).
the non-degradable nerve conduits. For this reason, research
in the last decade has intensified, in an attempt to analyZgperimental Groups. A total of fourteen Wistar male rats
biocompatible materials and capable of bio-absorption for useeighing approximately 250-280 g were used in this study.
as guide tubes for bridging to axonal growth (Albuquerfue The animals were kept under temperature and light-
al., 2015). controlled environment (23C + 2°C on a 12 h light/dark
cycle at 60 % humidity) housed in propylene plastic cages

An acellular exopolysaccharide biopolymer has beef@9 x 34 x 16 cm) and were given free access to standard rat
produced from sugarcane molasses through of bacterclow diet and water in the Experimental Vivarium of the
synthesis (Zoogloea sp) in the Carpina Experimental Stati@epartment of Anatomy — CCB/UFPE. The animals were
of Sugarcane/ Rural University of Pernambuco/Brazil, sinaandomly divided and allocated tothree groups: Control
1990, composed of different monosaccharides (Patersd@roup (CG, n=4); peripheral nerve lesion + Polyethylene
Beedleet al, 2000). Tubulization Group (PG, n=5); and peripheral nerve lesion

+ Sugarcane Biopolymer Tubulization Group (SBG, n=5).

The sugarcane biopolymer is a very competitive
polymer compared to other similar materials and can Bdanufacture of biopolymer tube from sugarcane.
considered as a promising biomaterial for tissue engineeriBgppolymer tubes were made from a continuous surface film
due to high elasticity, resistance to traction, good mechanic#lan exopolyssacharide, a bioactive copolymer consisting
flexibility, low toxicity, low production cost, biocompatibility of 87 % glucose, 8.5 % xylose, 1.68 % ribose, 0.83 %
and capability of integration with different living tissues (Pitaglucuronic acid, 0.82 % mannose, 0.37 % arabinose, 0.13 %
et al, 2015). galactose, 0.01 % rhamnose and 0.01 % fucose obtained

from sugar polymerization of sugarcane molasses by

In experimental studies the application of sugarcart@otechnological means, as suggested by Paterson-Beedle
biopolymer has shown adequate response in reconstructetral The wall of the tubes was formed of a single layer of
of tympanic membrane (Mayeat al, 2011), fold vocal film with 0.1 mm thickness and, to maintain standardized
(Vasconcelost al, 2015), osteochondral defect (Albuquerqueonditions for the regenerative process, the biopolymer tubes
etal), patch vascular (Marquesal, 2007), eviscerated eyeswere manufactured with the same length (9 mm) and internal
(Cordeiro-Barbosat al, 2012) and bladder graft (Carvalhodiameter (2.3 mm) as the polyethylene tubes. After their
Junioret al, 2012). However, there are not records in scientificonstruction, the tubes were sterilized by gamma radiation
literature on the use this biopolymer in the treatment of nerte ensure the sterile nature of the material to be used in the

injuries. surgical procedure.
Common Peroneal Nerve
o | . | Surgical procedure.When the rats were 60 days old they
sciatic Nerve . were anesthetized with a solution of 2 % xylazine (Rompuma
—(:\ ( K /7_5( — Bayer) and ketamine (Ketalard) intramuscularly in a
—_— 4 2~ volume of 0.2 ml of solution for each 100 g of the body

|| S ftee weight, the animals were pre-anesthetized ten minutes before

Tibial Nerve the anesthesia with a solution of atropine (0.044 mg/Kg).

Fig. 1. Surgical scheme. The tubulization procedure withfter a trichotomy in the posterior region of the right paw,
polyethylene or biopolymer tubes, rat sciatic nerve lefta 5mm ga@h incision was made in the skin and then the gluteus
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maximus and gluteus medius muscles were folded back30 min, at room temperature. Subsequently, the material
view the sciatic nerve. was dehydrated in increasing concentrations of aqueous
solutions of acetone and embedded in Epon 812 resin
Damage to the nerve was made at a distance of 1 ¢Rolysciences®).
above the bifurcation of the nerve, in order to standardize
the location of nerve injury. The damage was reconstituted Transverse semi-thin (OBn) sections of the sciatic
immediately, according to the experimental groups, withrgerve were obtained using, an ultramicrotome (ULTRACUP
sugarcane biopolymer tube or a polyethylene tube. In bdtiCT, LEICA). The sections were stained with toluidine blue
cases, the neural stumps were completely introduced ins{de%), a dye specific for lipid-rich structures, such as the
the lumen of the tube, separated by a distance of 5 mmyelin sheath.
producing a closed compartment (Fig. 1). The lumen of both
tubes was filled with a mixture of matrigel (MatrigelTMHistomorphometric analysis. The images were captured
BD Bioscience) (33 %) and saline solution (ebal, 2015). by an optical microscope (Olympus — BX50, 1000x
magnification), connected to a video camera (Samsung —
The incision was closed in layers and, in the ratSHC-410 NAD) and a computer with the software
from control group (CG) the sciatic nerve was exposed bapplication TV Tuner.
not was affected. Each animal was closely observed during
the recovery time from anesthesia and after being returned  The program Mesurim Pro (Mesurim Pro® software
to the cage they were carefully observed for 24 h (Fig. 2yersion 3.4) was used to achieve the total quantification of
blood vessels and the number of myelinated fibers and the
Collection of Material and Histological ProcessingSixty  program ImageJ (NIH, Bethesda) was used for measurement
days after the initial nerve lesion, a new surgical proceduoédiameter of myelinated fibers and axonal diameter. Then,
was performed, using the same guidelines for pre-anesthdsi@kness of the myelin sheath and g-ratio were calculated
and anesthesia as the first procedure. After exposure of #geshown below.
sciatic nerve, a pre-fixation was performed with Karnowisky
solution in situ. Newly formed nerve tissue in the central In Athe myelin sheath thickness (MST) is calculated
region of the tube was collected and sent for histologicas fiber diameter subtracted of axonal diameter divided by
processing. After collection of the material, the animals wefand in B the g-ratio correspond to axonal diameter divided
euthanized with an intracardiac injection of 1 ml oby fiber diameter value.
potassium chloride (10 %).
Statistical analysis.The figures were created and statistical
The nerve fragments were fixed in solution — 2.5 %nalysis was done by GraphPad Prism 5.0. The data are
glutaraldehyde and 4 % paraformaldehyde in 0.1 M sodiuexpressed as mearstandard deviation (SD), using 95 %
cacodylate (Sigma-Aldrich) buffer, ph 7.2 — for 24 h at 4s the confidence level and the value of n is the number of
°C. After this procedure, the fragments were washed widnimals used in each experimental group. The results were
an aqueous solution of sodium cacodylate buffer and poatialyzed and compared using analysis of variance (one-
fixed with a solution containing 1 % osmium tetroxide foway ANOVA) followed by Tukey’s post hoc test.

Fig. 2. Surgical procedure. A — Rat from control group - CG, B- Rat from biopolymer tubulization group — SBG.
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RESULTS AND DISCUSSION sugarcane presents low cytotoxicity, which allows this
material to be used as a substitute for various biological
tissues (Coelhet al, 2002; Marquest al). In a study of

Figure 3 show the cross section of sciatic nervim vivo biocompatibility, the biopolymer proved

stained by toluidine blue to Control Group (a), Polyethylengppropriate as to its compatibility and tolerability for a

Group (b) and Sugarcane Biopolymer Group (c). Thepecific application, such as urethral support, or slings, in

histomorphometric analysis of regenerated nerve shows the treatment of urinary incontinence in dogs (Braga-Sil-

difference in the number of myelinated fibers among groups et al., 2006).

(Fig. 3e). However, relating the nerve cross-sectional area

has identified that the density of myelinated fibers was Freitas & Flores (2007), in a review article, reported

reduced in polyethylene and biopolymer groups compardge use of artificial tubes of different types of synthetic

to CG (Fig. 3d). materials such as cellulose, plastic, silicone, gelatin and
inert metals as a guide for peripheral nerve regeneration.
It was similar in density and diameter of myelinatedHowever, these materials are not widely used, because they
fibers in addition to the thickness of the myelin sheath @an promote an inflammatory and fibrotic reaction at the
polyethylene and biopolymer groups. However, the growgite of injury, thus producing chronic compression of the
receiving the biopolymer sugarcane showed a greater numherve. In addition, these materials require another surgical
of vessels (Fig. 3f), axonal diameter and g-ratio comparg@tocedure for removal after neural regeneration, leaving
to polyethylene group (Fig. 4). These data demonstrate thiae patient vulnerable to new nerve injury. In this way, the
the biopolymer tube favors a suitable environment faiesearch has intensified for materials that are biodegradable
peripheral nerve regeneration. and biocompatible to serve as substitute of biological
tissues (Klemnet al, 2001).
The first tests for evaluation of the potential for

clinical application of a new material are the cytotoxicity The biopolymer from sugarcane was originally

tests. It is known that the biocompatibility of materialsynthesized in 1990, at the Sugarcane Experimental Station

used in implants is based on the inflammatory responseiofCarpina, a town in the Zona da Mata region of Pernambuco
the host, and, according to Casgéitoal (2004), in an in in a research center of the Universidade Federal Rural de
vitro study, it was shown that the biopolymer fromPernambuco — UFRPE. This biopolymer is an
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Fig. 3. Cross section of sciatic nerve stained by toluidine blue to Control Group (a), Polyethylene Group (b) and SugaobanerBio
Group (c). Bar: 10mm. Magnification: 1000x. Quantification of density of the fiber (d), quantification of myelinated fiard (e)
quantification of vasa nervorum (f) in CG (Control Group), PG (Polyethylene Group) and SBG (Sugarcane Biopolymer Group). The
results are expressed as megBD. *p<0.05 vs CG; #p<0.05 vs PG.
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Fig. 4. Quantification of axonal diameter and fiber diameter (a). Myelin sheath thickness (b). G-ratio (c). CG (ControlPGroup);
(Polyethylene Group); SBG (Sugarcane Biopolymer Group). The results are expresseda$mhegx0.05 vs CG; #p<0.05 vs PG.

exopolyssacharide obtained by bacterial synthesis sifiown that the sugarcane biopolymer is not soluble, but
Zoogloea sp., from sugarcane molasses (Paterson-Bdedl@corporates water, which can facilitate the transposition of
al.). water-soluble components, as well as promote the flexibility
of the material.
In the literature, it is possible to find studies that tested
the use of the sugarcane biopolymer as a substitute for some  In the present study, the amount of myelinated fibers,
biological tissues. Coelhet al noted that there was an60 days after nerve injury, was smaller in both experimental
increase of granulation tissue, infection control and decreag®ups when compared with the CG (p<0.05), however, there
in healing time, concluding that the biopolymer contributewas no difference in the number of fibers comparing
to the healing process, and may be used for the healingpolyethylene tubes with biopolymer tubes.
cutaneous injuries.
One study assessed the nerve fibers regenerated in a
Another study which examined naturally infectegpostoperative period less than in our study showed a greater
cutaneous injuries concluded that the sugarcane biopolynmeimber of fibers when compared to the control group (Sobral
can be used in the treatment of skin disorders becausetital, 2008). These results reflect the behavior of injured
controls the infection by a bacteriostatic or bactericidal effecxons, as these axons send 2 to 3 shoots toward the distal
and due to its low cost and simple application. stump during the initial phase of regeneration. For this
reason, analyses carried out within a period less than 30 days
Marqueset al have already shown that biopolymermpost-injury presents a greater amount of nerve fibers than
membrane is able to be a suitable vascular substitute, whike analyses carried out after a longer post-injury period
used in the form of patches of femoral arteries and femoi@®@awcett & Keynes, 1990).
vein in dogs. Mayeet al,, performing a study of tympanic
bulla in rats, concluded that the biopolymer is biocompatible The absence of difference in the number of nerve
with this biological tissue, being completely absorbed bfjbers observed in the experimental groups (PG and SBG)
the tympanic bulla. The authors also concluded that tlsggnals a good biocompatibility response of the biopolymer
biopolymer membrane presents features that do it possilide with peripheral nerve tissue, showing similar behavior
to be used as a graft in ear surgery. in two types of materials during the healing process.

As seen previously, the sugarcane biopolymer, being With regard to the greater number of blood vessels
in the form of membranes, surgical dressings or slings, halsserved in animals belonging to the group that used the
been widely used in several studies (Coelhal.; Marques biopolymer tube (SBG), this finding is possibly due to the
et al; Mayeret al). However, until now, no study has beerability of the biopolymer to promote an early exudate, which
found in the literature that uses this biopolymer to repaitoes not negatively influence the final result of nerve
nerve damage. regeneration. This had already been reported by Metyer

al., when the biopolymer was compared to autologous fascia

According to de Ruiteet al (2009), among the in the tympanic bulla of rats. These authors described the
features that a material must present in order to be used abiity of the biopolymer to increase the exudate, reporting
guide in the regenerative process of peripheral nerve, itet in the early days after its implantation in biological
permeability and flexibility stand out. Laboratory tests haviéssues, there was an intense inflammation, but later, with
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the passage of time, there was a decrease in the inflammaitesjon + tubo de polietileno (PG) y lesion + biopo!imero de cafia
process. However, the analysis of nerve fragments performéglaztcar (SBG). A los 60 dias de edad, los animales del PG y
sixty days after injury did not show permanent signs of theBG fueron sometidos a una cirugia para la tubulizacion del ner-

inflammatory process, since that process is characteristicVdgr;'F;'fgéoﬁeigigr;azeﬁzw%s EE 'e"’} ;iséﬁ;‘ig“;gr’zusn?gg";aédﬁs
the first days after nerve injury, being able to generate . o
as nerviosas, se observo un nimero menor en los grupos PG Yy

angiogenesis, featuring the development of new blood VESSEISG en comparacion con el CG; no se observaron diferencias

from pre-existing capillaries (Fechine-Jamacatral, 2005).  entre los grupos PG y SBG (p <0,05). Con respecto al nimero de
vasos sanguineos, el grupo SBG tuvo un nimero mayor que los
grupos CG y PG (p <0,05). El SBG también presenté un aumen-

CONCLUSION to en el diametro axonal y la proporcién G en comparaciéon con
PG (p <0,05). En conjunto, estos datos revelaron que el tubo de
biopolimero favorece un entorno adecuado para la regeneracion

On the basis of the results obtained with the expefi€ N€rvios periféricos.

mental model used, the sugarcane biopolymer appears to be

a suitable material as a guide tube to be used in the 4t
regenerative process after peripheral nerve injury. In addition;

the biopolymer did not interfere in the regenerative process
(from a histological point of view), showing itself as

biocompatible material, with low cost and easy manipulatio .EFERENCES
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