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Abstract

Introduction: Polymeric materials are often used in tissue engineering to foster the growth and/or healing of the most varied types

of tissues and organs.

Objective: To analyze the physicochemical properties of porous chitosan-xanthan membranes.

Method: Chitosan-xanthan membranes were prepared through complexation of the polysaccharides Chitosan (Ch) and Xanthan (Xn)
in a 1:1 mass ratio solution. The compact membranes (Control Group - CG) were obtained by modeling the polysaccharide complex
onto polystyrene plates. Porous membranes (Experimental Group - EG) were obtained by adding Pluronic® F127 to the polysac-
charide complexes immediately before modeling onto the polystyrene plates. The membranes were characterized by analyzing the
morphology, thickness, absorption, and degradation rates in aqueous (H,0) and 0.9% NaCl (SS) solutions, as well as the mechanical

resistance (maximum stress and elongation at rupture) of the Control and Experimental groups.

Results: For the CG and EG, the thickness of wet membranes was 2.39 + 0.27mm and 2.69 + 0.46mm, respectively (p > 0.05). Regard-
ing water and saline absorption capacity, CG displayed 70.13 * 3.77g and 28.92 + 0.55g, respectively, and the EG 28.72 + 0.91g and
15.21 + 0.59g, respectively (p < 0.05). The mass variation of CG membranes exposed to water and saline solution was 12.85 + 0.41%
and 8.79 * 1.40%, respectively, and for EG 16.13 + 0.19% and 25.06 + 0.99%, respectively (p < 0.05). The maximum stress at rupture
of the CG and EG membranes was 0.03 + 0.01 MPa and 0.05 * 0.03 MPa, respectively (p < 0.05). The elongation at rupture of CG and
EG membranes was 54.02 + 16.45% and 50.86 + 11.94%, respectively.

Conclusion: Porous chitosan/xanthan membranes showed less absorption of water and saline solution, greater variation in mass

and greater resistance to tearing, when compared to compact membranes.
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Introduction

Biomaterials intended for regenerative applications should
mimic the histological structure of human tissue. Ideally, a good
biomaterial should meet a series of requirements including bio-
compatibility, biodegradability and consistency, as well as enable

epithelial cells to adhere and grow on and within it [1-3]. Several

mucosa and skin grafts have been tested including biological (au-
togenous, homogenous, and xenogeneic) as well as natural and
synthetic polymers. Although autogenous materials may provide
a physiological environment for cell adhesion and proliferation,
there are disadvantages, such as limited mechanical properties,

morbidity, presence of undesirable appendages, hyperkeratiniza-
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tion, among others [4-6]. Synthetic materials are used because they
are easy to model and produce, and due to their ability to control
dissolution and degradation [5]. The key disadvantage of synthetic
materials is that they do not have natural sites for cell adhesion
[2,7,8].

The development of biological replacements for human tis-
sue through biotechnology can contribute to the solution to such
problems and complications. Tissue engineering has facilitated the
development of therapeutic replacements for different organs and
tissues, including skin [9-11], cornea [12,13], urothelium [14] and
blood vessels [15]. Moreover, various biotechnological techniques
have been proposed to develop organotypic replacements for oral
mucosa [16-18].

Studies have pointed to the use of natural bioresorbable poly-
mers such as chitosan, alginate, gelatin, cellulose, and their deriva-
tives [19-21], either separately or combined, for biotechnological
applications. Thus, polysaccharide-based systems such as chitosan
and xanthan may provide an alternative for producing such scaf-

folding.

Chitosan is a polysaccharide derived from chitin, comprised of
two monomers, D-glucosamine, and N-acetyl-D-glucosamine [19].
Characteristics such as high biocompatibility, biodegradability, ab-
sorption, and adsorption properties, combined with the ability to
accelerate healing and its antimicrobial activity [22-24], enable its
use in manufacturing dermal dressings, dermal replacements, and

cell scaffolding.

Like chitosan, xanthan is a nontoxic polysaccharide obtained
from the fermentation of bacterium Xanthomonas campestris. It
may display emulsifying, stabilizing and flocculant activity and
form gels, films, and membranes [25]. Its complexation with chi-
tosan, through interactions among the amino groups of chitosan
and carboxyl groups of xanthan, enables the obtention of matrices
with high absorption of aqueous solutions and proven stability in
biological fluids [26]. Such characteristics are fundamental in the
application as dressings and three-dimensional scaffolding for cell
cultivation in tissue engineering. However, studies comparing the
characteristics of compact and porous chitosan-xanthan mem-

branes are scarce.
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Methods

The present work was an experimental, prospective, analytical,
single-center study. It was submitted to the Research Ethics Com-
mittee of UNIFESP and was approved under number 5586051216.

Materials

The following reagents were used to obtain membranes: chi-
tosan of medium molecular mass (190 to 310 kDa) with deacety-
lation degree of 82% (Sigma-Aldrich Co; Saint Louis, MO, USA - Lot
STBH0024), xanthan gum from Xanthomonas campestris (Sigma-
Aldrich Co; Saint Louis, MO, USA - Lot SLBS9383), acetic acid (gla-
cial) 100% (Merck, Germany- Lot K48810463), Pluronic® F-127
(Sigma-Aldrich Co; Saint Louis, MO, USA - Lot BCBV8048). All water
used was obtained with the Millipore Direct-Q®3 system (France).
Saline solution and ultrapure water were used in the physicochem-

ical characterization tests of the membranes.

Membrane preparation

The Ch-Xn solution was prepared based on the procedures
described by Bueno and Moraes [27], Veiga and Moraes [26] and
Bellini and Moraes [28] as follows: 500 mL of 1% chitosan solu-
tion in 2% acetic acid was added to 500 mL of aqueous solution
of 1% xanthan, in the presence (porous membrane) or absence
(compact membrane) of 7.5g of Pluronic® F127 surfactant, at a rate
of 10 mL/min with the aid of a peristaltic pump (model TE-BP01,
Tecnal), submitted to 1,400 rpm rotation, in a mechanical stirrer
(model TE-139, Tecnal), for 50 minutes. After the solutions were
mixed, stirrer rotation was increased to 1,600 rpm for another 10
minutes; 80 mL of chitosan/xanthan solution was added to poly-
styrene plates and taken to the oven (model TE-393-80L, Tecnal)
to dry, at 37°C, for 48 hours. After that, the membranes were rinsed
with 500 mL of ultrapure water for 30 minutes. This procedure was
repeated 3 times. The porous membranes were also rinsed with
200 mL of HEPES solution and rinsed once again in 500 mL of ul-
trapure water. For final drying, the membranes were kept at 372C

for another 24 hours.

Characterization of the membrane

The samples were characterized according to the aspect of the
surface, thickness, stability, and capacity to absorb liquids, as well

as mechanical properties, as described below.
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Surface aspect

The membranes were analyzed by assessing their capacity to
build a continuous easy-to-handle film, and their continuity (no
ruptures or fractures after drying). Their aspect was recorded via
digital photography. All samples looked uniform, continuous, and

resistant to handling when dry.

Thickness

Membrane thickness was measured, with a Mainard thickness
meter (Sdo Paulo/SP), after 30-minute hydration in 100 mL of
ultrapure water. Eight measurements were made, 2 mm from the
membrane edges, at a 90° angle. The results were expressed as av-

erages of the measurements.

Stability and absorption

The capacity of membranes to absorb water and 0.9% NaCl
aqueous solution (SS) was determined using 27-mm diameter
specimens in triplicate, with initial dry mass (M) determined on
a ATX224 precision scale (Shimadzu, Kyoto, Japan). The samples
were hydrated in 6-well cell culture plates (Kasvi, Sdo José dos Pin-
hais/PR) with 7 mL of each solution and kept in the oven for 24
hours (Tecnal, Piracicaba/SP) at 37°C. After that, the samples were
weighed to determine their final wet masses (M ). The absorption

capacity (C;) for each solution was calculated using Equation 1:

. _ (Mu—Ms)

Ci (Equation 1)
Ms

The stability of the membranes was assessed through variation
of mass of the samples exposed to the same above-mentioned solu-
tions for 24h and dried in an oven at 37°C (Tecnal, Piracicaba/SP),
until they reached constant mass, which took about 10h. Then, they
were weighed once more to establish their final dry masses (My).
The variation in mass (V) after exposure to each solution was cal-
culated using Equation 2:

_ [Mf—(Ms+Mss)]

Vm = (Equation 2)
Ms

Where M_ refers to the estimated mass of solution solids incor-
porated by the samples, considering that the starting concentra-

tion of solids in the SS solution was 9.00 g/L.
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Mechanical properties

The mechanical properties of the membranes were evaluated
based on D-882-12 standard of the American Society for Testing
and Materials (ASTM). The tests were carried out at room tempera-
ture between 23°C + 2°C (certificate RBC/ABS1 CAL 157561/18
Rev. 1 - valid until March 2019). Using fourteen replicates for each
type of membrane, samples were fixed onto 5-cm claws in a uni-
versal testing machine (BME-20kN, Oswaldo Filizola, Brazil), with
clearance speed of 50 mm/min and 200N load cell (Certificate
RBC/Dinateste DNTT/597¢/17 - valid until July 2018). The fixation

was carried out by the same operator in all tests.

Tension (T) and elongation (A) at rupture were calculated with
Dina View Pro software, which, as well as controlling the param-

eters used in the tests, measured the results obtained.

Results
Surface aspect

When the homogenization of the mixture was completed, it was
possible to observe the formation of a translucent, homogeneous,
and highly viscous blend, which attached to the helix of the me-
chanical mixer, for all the membranes (CG and EG) in both groups.
Drying to evaporate the solvent and, consequently, form the mem-

brane, took 38 hours.

The membranes were rinsed three times to remove acetic acid
residue. The samples increased in size, especially in diameter, and
felt delicate to the touch. After the second drying, with an average
duration of 20 hours, the formation of thin, flexible, and transpar-

ent membranes with a wavy surface was observed (Figure 1).
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Figure 1: Aspect of the membranes after the second drying (A -
Compact, B - Porous).

Thickness

Average values for the thickness of wet membranes are shown
in table 1. The thickness of compact membranes varied from 1,75
to 2,81 mm whereas membranes to which surfactant was added
varied between 2,11 and 3,40 mm.

Absorption capacity and stability

Values shown in table 1 correspond to the membranes’ absorp-
tion capacity for water (H,0) and saline solution (SS). All mem-
branes displayed high absorption rates, ranging from 27.18 to
75.12 g H,0/gram of dry membrane, and 14.13 to 30.28 g ss/gram
of dry membrane (Table 1).

Table 1 shows mass variation results obtained for membranes
exposed to aqueous or saline solution, for 24 hours, in the presence

or absence of surfactants. All membranes lost mass.

Mechanical properties

The results obtained for mechanical properties regarding ten-
sile strength of compact Ch/Xn membranes (CG) varied from 0,01
to 0,06 MPa, whereas for porous membranes (EG) variations rang-

ing from 0,02 to 0,11 MPa were observed.

In the analysis of the percentage of elongation, values varied be-
tween 33,08 and 92,03% for compact membranes (CG) and 30,89 a
67,89% for porous membranes (EG) (Table 1).
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Compact | Porous (EG) p
(CGQ) value
Thickness (mm) 2,39+0,27 | 2,69+0,46 | 0,87
Absorption of H,0 70,13 £3,77 | 28,72+0,91 | 0,03*
liquids (g) sS 28,92+0,55 | 1521059 | 0,04*
Loss of H,0 12,85+0,41 | 16,13 +£0,19 | 0,21
mass after SS 8,79+ 1,40 | 25,06+0,99 | 0,02*
exposure to
liquids (g)
Mechanical Tensile 0,03+0,01 | 0,05+0,03 | 0,04*
Properties strength
(MPa)
Elonga- 54,02 £ 16, 50,86 £ 0,05
tion (%) 45 11,94

Table 1: Properties of Ch/Xn membranes produced.

Analyses via Student T-test, considering values of p = 0,05 as sig-
nificant, thus marked with (*).

Discussion

Major tissue defects, whether in bone or soft tissue, are fre-
quently observed by health professionals. The reconstruction of
such defects is still a major challenge due to the scarcity of tissue.
Therefore, different types of implants and grafts have been pro-
posed as substitutes. However, for some patients the use of such
techniques is associated with morbidity and aesthetic disadvan-
tages, as well as functional limitations. The development of tissue
dressing, through tissue engineering, can contribute to the solu-

tion of such problems and complications [17].

The mixture or blend of chitosan and xanthan forms a poly-
electrolyte complex (PEC), established through ionic interactions
between the amino groups of chitosan and carboxyl groups of
xanthan. The ionic interaction resulting from this polymer com-
plexation makes it possible to vary the characteristics regarding
pH sensitivity, allowing the immobilization of cells, therapeutic
agents, and enzymes [29,30]. The chemical properties of a poly-
mer membrane, which govern protein adsorption behavior, may
play an important role in determining the biological properties of
engineered tissue structures derived from that polymer [31]. Ch-
Xn may constitute an appropriate drug distribution vehicle due to

its extreme hydrophilicity; high porosity, which allows invasion by
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phagocytic cells, and further resorption and elimination from the
body; as well as acceptable levels of biocompatibility. According to
in vitro test results, Ch-Xn hydrogels exhibited very promising bio-
compatible properties. Their degradation products did not trigger
cytotoxic effects. The evaluation of IL-1 and TNF-a, as well as nitric

oxide secretion, indicated activation of macrophages [32].

In the present study, membranes which while dry exhibited
greater external surface smoothness, translucency (passage of
artificial light) and especially did not contain surfactants in their
composition, were considered compact (CG). According to Veiga
and Moraes [26] and Bellini,, et al. [28] compact membranes are
the most appropriate for use in tissue regeneration. This led to the
selection of compact chitosan and xanthan membranes as the Con-
trol Group (CG), and porous membranes, compounded with surfac-

tants, as the Experimental Group (EG).

MA.,, et al. [33] claim that biomaterials applied as dermal substi-
tutes should ideally be thinner than human dermis, whose thick-
ness varies between 0.5 and 2 mm, depending on age, sex, as well
as location in the body, however, scaffolds of up to 4 mm have been
reported in the literature [34]. The results obtained in the pres-
ent study for membranes prepared with chitosan and xanthan, for
both the CG and EG, indicated that the membranes tested have de-
sirable properties regarding the use of such material in dressings,
membranes, and scaffolds; whose thickness was within appropri-
ate ranges for biotechnology applications. The thickness of mem-
branes intended for use as scaffolds for cells is an important vari-
able in the architecture of the matrix, which may interfere in the
absorption and adsorption of nutrients from the medium, directly
influencing relevant biological properties of the cells inoculated,

such as cell adhesion, expansion, and proliferation [31].

Chitosan and alginate membranes prepared in a similar man-
ner have lower thickness, ranging from 23.5 to 26.0 um [35] and
between 66 and 80 pum [23] respectively. Veiga and Moraes [26]
reported an increase in thickness of lamellar chitosan membranes
when alginate is replaced by xanthan. According to those authors,
this increase in thickness may be related to the type of coacerva-
tion and packaging of the aggregates obtained, as well as the ab-
sence of acetone as cosolvent during coacervation, thus fostering
the expansion of the structure. Thicker membranes, ranging from
2,110 to 3,400 mm, were obtained when surfactants were added

(EG). Such values are higher than those reported by Bueno and
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Moraes [27] for chitosan/alginate membranes produced with sur-
factants (between 0,38 and 0,41 mm while dry). However, they are
comparable to those made with other spongious materials with
application in tissue engineering described in the literature, such
as 1 mm thick collagen scaffolds [36], porous chitosan/alginate
membranes, obtained via lyophilization, with average thickness of
2,5 mm [37] and chitosan/poly(lactic acid), whose thickness is 4

mm when dry and reaches 6 mm when hydrated [34].

Membranes created without surfactants display high water ab-
sorption capacity, ranging from 65,43 to 77,01 g/g of dry mem-
brane in H,0. Such values are higher than those described in the
literature regarding chitosan-alginate, which range from 11 and
19 g/g in H,0[23] and chitosan/xanthan (between 24 and 61 g/g
in H,0) prepared in similar conditions [26]. Nonetheless, such re-
sults were lower than those presented by Bellini., et al. [28] who
observed an average of 85,6 g/g in chitosan/xanthan membranes.
This can be explained by the presence of a sub-optimal bond be-
tween the polymers, caused by the relative excess of chitosan ami-
no groups in relation to xanthan carboxyl groups, which results in
looser polymeric structures, thus capable of absorbing more water.
This was also verified by Macleod., et al. [38] for membranes made
with different polymeric ratios of pectin and chitosan. The au-
thors observed that the 2:1 polymeric proportion Pectin:Chitosan,
whose network would be more dense, presented water absorption
five times lower than Pectin:Chitosan at a 1:1 ratio. According to
the authors, the increase in absorption capacity occurred due to
the excess of chitosan NH, groups in the 1:1 proportion, which
causes a decrease in the amount of hydrogen bridges formed with
water, thus resulting in a looser polymeric network, which ab-

sorbed more liquid.

Membranes prepared with surfactant absorbed less water in
comparison to those which contained only polysaccharides. How-
ever, no significant difference was observed in the absorption
capacity for saline solution. The mean absorption rate found for
membranes to which surfactant was added (EG) (28.72 g/g H,0
and 15.22 g/g SS) is higher than those reported by Bueno and
Moraes [27] for porous chitosan and alginate membranes, which
displayed a mean absorption rate of 13,83 g/g in H,0, and 11,96
g/g in SS. The absorption capacities of aqueous solutions found
in the present work can also be compared to those described for
spongious materials obtained by lyophilization, such as chitosan-

alginate spongious dressings, which absorbed 17.5 g/g of water,
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after 180 minutes of immersion [37]. Bellini,, et al. [28] reported

similar values, with 24.6 and 17.1 g/g for H,0 and SS, respectively.

Bellini,, et al. [28] performed an elongation test with dry mem-
branes, which displayed low elongation rates, on average 2,02%
and 2,13% for compact and porous chitosan/xanthan membranes,
respectively. As observed by Rodrigues., et al. [23] for chitosan and
alginate membranes, membrane elongation may be significantly
higher than the rates reported, as water exerts a plasticizing ef-
fect on the structure, and under application conditions, the mem-
branes would possibly be in contact with body fluids, whereas such
properties have been determined for dry samples. Such observa-
tion corroborates the findings of the present work, in which tensile
strength tests were conducted after membranes had been hydrated
for 30 minutes, and higher elongation rates were found; with an

average of 54,017 for compact and 50,864 for porous membranes.

According to Bellini,, et al. [28] the addition of surfactants to the
formulation of membranes led to the stabilization of the foam in
the coacervates and consequent formation of pores in the struc-
ture of the material. The presence of such pores led to significantly
diminished tensile strength. Bueno and Moraes [27] also observed
lower tensile strength in chitosan/alginate membranes to which
the same surfactants were added. Other works describe low tensile
strength of porous materials used in tissue engineering. She., et al.
[39] for instance, reported values between 0,11 and 0,40 MPa for
scaffolds made from chitosan and silk fibers. The results obtained
in the present work for porous membranes were better than those

obtained with compact membranes.

In the present study, to produce chitosan/xanthan membranes
with surfactants, membranes were prepared according to the pro-
tocols established by Rodrigues., et al. [23] for chitosan/alginate
membranes; Veiga and Moraes [26] for chitosan/carrageenan, chi-
tosan/pectin, and chitosan/xanthan blends; and by Bellini., et al.
[28] with some adaptations as follows: homogenization of chitosan
solutions at 1%, in aqueous solution of acetic acid at 2%, and rota-
tion of 1,000 rpm. Preparation of the Ch/Xn blend, also at 1,000
rpm, until all chitosan effused onto xanthan; after which mechani-
cal agitator rotation was increased to 1,200 rpm for 10 minutes.
Throughout our experiment, the homogenization of chitosan and
xanthan solutions was performed at 1,000 rpm, however, during
the mixing of the solutions the rotation had to be increased to

1,400 rpm as the blend of Ch/Xn became rather thick, preventing
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the proper homogenization of the mixture. Once chitosan had been
poured onto xanthan, mixer rotation was increased to 1.600 rpm
for 10 minutes, thus resulting in a homogenous blend. Rodrigues.,
et al. 23] found that changes in the flow rate at which solutions
are mixed and the rotation of the mixer alter the mechanical prop-
erties of membranes, such as tensile strength, elongation, viscos-
ity, and absorption capacity of aqueous solutions, as well as their
stability when exposed to such solutions, which may explain the

differences found.

Further perspectives of the present work include scanning
electron microscopy to examine the interconnectivity of the pores
obtained with surfactant, which may favor cell adhesion and pro-
liferation. Further ecotoxicity studies will also be necessary to ana-
lyze the cellular viability of the biomaterial when Pluronic® F127
surfactant is added. Another significant possibility of the present
work is the exploration of new chitosan /xanthan formulations
and ratios, which would produce new blends individually suited

to the characteristics of the tissue which one aims to regenerate.

Conclusion

The porous chitosan/xanthan membranes display lower wa-
ter and saline solution absorption, greater variation in mass, and
greater tear resistance, when compared to compact membranes.
Such membranes can be used as scaffolds and dressings in experi-

mental tissue engineering in vitro studies.
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