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Abstract: Scaffolds are widely used in tissue engineering because their manufacture is based
on natural and synthetic polymers, which allows them to have properties such as
biocompatibility and biodegradability, creating an ideal environment for cell growth on
their surface. In this context, among the polymers studied in Tissue Engineering are
Chitosan (CH) and Polyvinyl Alcohol (PVA). CH is a versatile polymer obtained from de-
acetylation of chitin, which is used for its high biodegradability and biocompatibility,
although its mechanical properties must be improved. It has been found that one of the ways
to improve the mechanical properties of CH is to mix it with other synthetic polymers such
as PVA. PVA is known for its biocompatibility, biodegradability, zero toxicity and ease of
preparation due to its solubility in water and excellent mechanical properties, such as tensile
strength and ease in the formation of films and barriers. In this study we evaluated the
capacity of scaffolds made with CH and PVA in different concentrations (2: 1, 1: 1, 1: 2,
respectively) as a possible application in bone regeneration. This was made through
different characterization tests such as Infrared Spectroscopy, AFM, Swelling test and
Porosity test, where we obtained information about its structural and physicochemical
properties. Additionally, a cellular quality control was performed on the material through
the MTT assay. The Fourier transform infrared spectroscopy (FTIR) study showed that there
are strong intermolecular hydrogen bonds between the chitosan and polyvinyl alcohol
molecules. The Swelling and Porosity tests showed favorable results, obtaining maximum
values of 5519% and 72.17% respectively. MTT tests determined that the prepared materials
are not cytotoxic. These findings suggest that scaffolds possess properties suitable for use in
Tissue Engineering.

Keywords: biomaterials; cell control; chitosan; polyvinyl alcohol; scaffold; tissue
engineering

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202012.0125.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 December 2020 d0i:10.20944/preprints202012.0125.v1

1. Introduction

Tissue engineering is an important alternative in the development and future of medicine
and focuses on the study and development of biological substitutes to repair or regenerate
tissues and organs thanks to biomaterials [1]. A biomaterial is defined as any material used
to make devices that replace a body part or function in a safe, reliable, economical, and
physiologically acceptable manner [2]. These can be used without incompatibilities in
biomedical applications and also to be placed in contact with living tissues without causing
damage or alterations. Therefore, they must meet the requirements of the specific
application for which they are designed, in addition to presenting high biocompatibility
when evaluating their in vitro and in vivo behavior [3]. At present, the use of biomaterials
has application in almost all systems of the human organism and there is a wide range of
useful materials for all types of biomedical applications. These can be classified according
to their chemical nature into metals, polymers, ceramics and composites. Polymers are
widely used for their variety of compositions, ease of production with different geometric
patterns and with certain properties, they can be rigid or soft and some are suitable for
temporary replacements due to their biodegradable composition [4]. Polymeric materials
have a wide variety of applications in the biomedical field since they have physical, chemical
and mechanical properties that are closer to those of living tissues. In addition, they are easy
to process and can be obtained in various forms. Currently, there are numerous polymers
used in the biomedical field, among which we can find synthetic and natural ones. The
formers are obtained by controlled polymerization processes from low molecular weight
raw materials and the latter come directly from nature [5]. One of the strategies used for
tissue regeneration is the use of scaffolds, which are highly porous structures that serve as
a template to guide the formation of new tissue [6]. The scaffold must have special
characteristics that allow it to perform its function without creating an adverse response in
the body. These characteristics are biocompatibility with the tissue, biodegradability (at an
ideal frequency that corresponds with the formation of the new tissue), zero toxicity,
optimal mechanical properties and an adequate morphology that allows the transport of
cells, gases, nutrients and metabolites [1]. To develop a scaffold with these properties, a
broad type of biodegradable polymers of natural and synthetic origin have been studied.
This is because natural polymers are known to have better biological properties than
synthetic polymers, and synthetic polymers stand out for their mechanical properties [7].
The combination of these materials is known as Bioartificial Polymeric Systems (BPS) [8]. In
this context, for this work a scaffold made of two polymers, chitosan (CH) and polyvinyl
alcohol (PVA) was prepared and characterized. CH is a natural polymer known for its
biological properties such as biocompatibility, biodegradability, zero toxicity, and
antibacterial properties [7]. An important property of CH in the context of tissue
engineering is the ease with which it can be functionalized. The functional groups present
in CH have the facility to join with other groups, peptides or amino acids, allowing it to
combine with other materials, which would improve CH in different applications of tissue
engineering [9]. CH is considered a biodegradable biomaterial, because it is easily
hydrolyzed and metabolized by enzymes (chitosanases and lysozymes) [9]. CH-based
scaffolds must meet a series of parameters such as biodegradability, biocompatibility and,
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in the same way, they must mimic the environment of the tissue to be recovered in order to
provide an adequate environment where cells can proliferate and differentiate [10]. PVA is
a synthetic hydrophilic polymer known for its easy preparation, zero toxicity,
biodegradability, high chemical resistance and physical properties. It is produced by partial
or total hydrolysis of polyvinyl acetate to remove acetate groups. The amount of
hydroxylation determines the physical, chemical, and mechanical properties of PVA. This
polymer is highly soluble in water, but resistant to most organic solvents [11]. The higher
the degree of hydroxylation and polymerization of PVA, the lower the solubility in water
and the more difficult it is to crystallize [12]. Due to its solubility in water, PVA needs to be
cross-linked to form scaffolds. These crosslinks, whether chemical or physical, provide the
structural stability the scaffold needs after it swells in the presence of water or biological
fluids. An advantage in the application of this material is its polarity. due to the fact that it
has hydroxyl groups in its chemical structure. These groups tend to form hydrogen bonds
between hydroxyl groups, which generates ease in mixing with other materials, obtaining
an improvement in the structure [13]. The scaffold was prepared through a process known
as lyophilization, this process is one of the most used since the level of porosity can be
controlled with the freezing time, after that, the samples are subjected to a vacuum process
where the solvent residues, they evaporate by sublimation and leave spaces in the samples
known as pores.

Investigations on the use of PVA in the manufacture of scaffolds have been reported due to
its hydrophilicity; excellent chemical stability (stable pH), which allows cells to grow in a
favorable environment; and semipermeability, which favors the transport of oxygen and
nutrients necessary for cell survival. In 2005, a study was reported in which scaffolds were
made with PVA and alginate (natural hydrophilic and biodegradable polymer) in different
concentrations of PVA (10, 30, 50 wt%). The porous bodies were manufactured by a
lyophilization process. Porosity values around 85% were obtained for the three
concentrations prepared and pore sizes between 190 and 290um. It was concluded that, from
the porosity and pore size values, the scaffold obtained an ideal surface area, in which the
cells can interact. The alginate and PVA scaffold were shown to have not only better
mechanical properties, but also better adhesion and cell growth than the control scaffold
with only alginate [14]. In 2013, another study was carried out where PVA was mixed with
two different concentrations (0.5% and 4%) of gelatin (a biocompatible and biodegradable
natural polymer). The scaffold was manufactured through a freeze-drying process. Its
degree of swelling was 1500% for the 4% concentration, while the 0.5% concentration
obtained an absorption of 1000% of its original weight. The ideal pore size was obtained
with a concentration of 4%, with a range between 100 and 120um. It was concluded that
properties such as porosity and pore size increased their values when the gelatin
concentration increased, which influences the water absorption capacity of the material [15].
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On the other hand, CH has been used to synthesize scaffolds due to its biocompatibility and
biodegradability properties. In a study made in 2010, scaffolds with CH and acetic acid were
prepared, varying the CH concentration by 1.25%, 1.5% and 1.8%. Porous bodies were
obtained by lyophilization process. The porosity values obtained were 85%, 90% and 95%
for the concentrations 1.8%, 1.5% and 1.25%, respectively. The effects of variations in the CH
concentration on the morphology of the scaffold were observed through the SEM test,
obtaining a pore size range between 50 and 100um. The pore size increased as the CH
concentration decreased. The swelling values were 800%, 1200% and 1600% for the
concentrations of 1.8%, 1.5% and 1.25%, respectively. It was concluded that by having a
reduced CH volume, the scaffold properties improved. Additionally, CH-prepared scaffold
has potential in tissue engineering applications [16]. In 2013, CH was mixed with three
different concentrations (0.0025%, 0.005%, 0.01%) of carbon nanotubes (biomaterial with
excellent mechanical properties). The scaffold was manufactured through a freeze-drying
process. The porosity obtained was 87.7% for the lowest concentration (0.0025%), while
increasing the concentration to 0.005% and 0.01%, values of 88.5% and 88.8% were obtained
respectively. The degree of swelling was 600% for the 0.0025% concentration, while the
remaining two concentrations (0.005% and 0.01%) obtained an absorption of 1000% with
respect to their original weight. In the SEM test, the CH scaffold showed better values when
obtaining a pore size between the 100 and 120um range. It was concluded that the CH
concentration allowed the scaffold to have a surface area where the cells can interact [17].
Studies using these two materials have also been reported. In 2015, CH and PVA scaffolds
were synthesized with methylcellulose (MC-biodegradable cellulose ether that presents
good solubility in water at low temperature). Three concentrations were prepared, varying
the amount of MC (25%, 50% and 75%) and keeping the amounts of CH and PVA constant.
The method used to manufacture these scaffolds was lyophilization. The degree of swelling
increased for the concentration of 25%, the CH hydroxyl groups and PVA have a positive
influence on the improvement of this property. The maximum value of porosity was 88%
for the three concentrations. The morphology of the scaffolds was observed through the
SEM test, the pore sizes obtained were 200 and 500um. It was concluded that the scaffold
had a porous surface with different pore size distributions, facilitating the entry of nutrients
and cell products, which is beneficial for cell growth. Furthermore, with the swelling values
obtained, the mechanical properties of the scaffold and the liquid retention capacity can be
improved [18].

The combination of these materials has been reported in several studies, and by means of
the degree of swelling or swelling tests, porosity, FTIR and cell viability study through the
reduction of the MTT compound, the physicochemical and cell viability properties of the
prepared scaffold can be described.
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2. Materials and Methods
2.1 Materials

It was used low molecular weight chitosan (de-acetylation 75% -85%), PVA (130,000 g / mol,
99% hydrolysis), CytoSelect Brand Kit Cell Biolabs, Inc., the cell viability study was done by
MTT compound or 3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazole, and DMEM culture
medium (Dubelcco's Modified Eagle Medium) which were purchased from Sigma Aldrich
Colombia.

2.2 Methods
2.2.1 Scaffold Synthesis

A 2% m / v solution of chitosan (S5QT) in 5% v / v glacial acetic acid was prepared. CH was
dissolved by continuous stirring for 24 h on a Heidoplh MR 3001 heating plate.
Subsequently, a 2% m / v solution of PVA (SPVA) was prepared with distilled water at 80 °
C by continuous stirring for 24h. Both solutions were mixed in three different
concentrations, (i) 25% SQT - 75% SPVA, (ii) 50% SQT - 50% SPVA, (iii) 75% SQT - 25%
SPVA. Subsequently, the solutions were poured into 2 ¢cm diameter and 0.5 cm high
cylindrical molds; and they were frozen for 24h at -20 ° C. Finally, solutions (i), (ii) and (iii)
were subjected to a lyophilization process at approximately 10-2 atm in a Supermodulyo
Freeze Dryer brand Thermo Electron Corp lyophilizer in a period of 48h until the porous
bodies were obtained.

2.2.2 Characterization tests
2.2.2.1 Fourier Transform Infrared Spectrophotometry (FTIR).

This test is based on the fact that most molecules absorb light in the infrared range of the
electromagnetic spectrum and this energy is converted into molecular vibration. This
absorption is specific to the bonds between the atoms present in the molecule. Using a
spectrometer, this absorption of infrared light through the sample material is measured as
a function of wavelength.

Spectra for CH, pure PVA, and mixtures (i), (ii) and (iii) were obtained using a Thermo
Fisher brand Nicolet iS5 spectrometer, equipped with an attenuated total reflectance (ATR)
instrument, using a Zn-Se crystal. Each spectrum represents 64 co-aggregated scans
referenced against an ATR cell. The range used was 4000 to 650 cm-1 with a resolution of
1.92 [19].
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2.2.2.2 Swelling

The property of a biomaterial to absorb water influences the conservation of the material's
structure and cell growth [4,20]. 3 samples were taken from each specimen, for a total of 9
samples evaluated. These were weighed after the freeze-drying process using a KERHN &
Sohn GmbH analytical balance model D-72336. Subsequently, each specimen was immersed
in distilled water at 20 ° C and every 3s they were removed, the surface moisture was dried
with filter paper and Wf was weighed immediately. Finally, to determine the degree of
swelling, the following equation was used:

Wy (%) = (L) 100
= *

w0 = (7

Where:

WH Percent swelling of the sample.

Wf Sample weight after being dipped.
Wi Initial sample weight.

2.2.2.3 Porosity

Porosity plays an important role in scaffold synthesis because pores provide nutrition for
cells and tissue [21]. The percentage of porosity was calculated as follows:

Vi— Vs
V, = V3

P(%) = ( ) «100

Where:

V1 Volume of distilled water used.

V2 Total volume of distilled water after submerging the sample.
V3 Volume of distilled water remaining after sample removal.
P Porosity percentage.

2.2.2.4 Assay of cell viability (metabolic activity) by reduction of compound MTT.

The cell viability test is divided into two parts:

Sterilization of scaffolds. In order to avoid the presence of bacteria or microorganisms
acquired from the medium that could alter the result of the assay, specimens (i), (ii) and (iii)

were placed in 12-well NEST Biotech brand sterile plates, where there were added 3 series
of 2mL v / v of ethanol at concentrations of 70%, 50% and 30%. Each ethanol series was
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added at 12 h intervals. Subsequently, PBS was added to each specimen in order to obtain a
neutral pH, and a medium in which the cells can survive.

Cell culture and MTT. For cell culture, cells were trypsinized, centrifuged, and resuspended
in DMEM culture medium. 12-well plates were used, in which osteoblasts were incubated.
The incubation process was carried out in a BINDER incubator at 37 ° C and 5% CO2. After
48 h of incubation, MTT solution was added to each well, and incubated again for 100 to 120
min. Subsequently, all the suspended medium in each well was removed and DMSO
detergent was added, in order to solubilize the formazan crystals that form once the MTT is
added. The absorbance values were measured in a Biotek Model 800 TS ELISA reader at 590
nm [22].

3. Results and discussion
3.1 Characterization tests
3.1.1 FTIR Characterization

The FTIR characterization was used to evaluate the functional groups of the polymers.
Figure 3 shows the FTIR spectrum of low molecular weight QT. In the band from 3000 to
2840 cm-1 the narrowing of the C-H bonds of the alkyl groups is evidenced. The peaks
observed in the range from 1651 to 1346 cm-1 show the presence of amide I, amide II and
amide III, which are characteristic groups of QT. Also, the pronounced peaks at 1068 to
889 cm-1 demonstrate the narrowing of C-O bonds present in the QT [20].
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Figure 3. Low molecular weight chitosan spectrum

Figure 4 shows the FTIR spectrum for pure PVA. In the range of 3447 to 3200 cm-1, the
narrowing of the O-H groups can be observed, due to the intermolecular and intramolecular
forces of hydrogen bonds [20]. The band observed between 3000 and 2840 cm-1 is the result
of the narrowing of CH bonds, and the peaks shown between 1730 and 1680 cm-1 are due
to the narrowing of C = O and CO bonds of the remaining acetate groups of the PVA
(reaction of saponification of polyvinyl acetate) [20].
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Figure 4. Infrared spectrum of polyvinyl alcohol

Figure 5 shows the FTIR spectrum corresponding to specimens (i), (ii) and (iii). In the range
of 3100 to 2800 cm-1, stretching of C-H bonds is observed. In the range of 3447 to 3200 cm-
1, the vibrations of the N-H and C-H groups can be observed [5,20]. Each interval can be
seen in sections (a) and (b) of Figure 5.
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Figure 5. FTIR PVA + Chitosan. A. 75% QT - 25% PVA; B. 50% QT - 50% PVA; C. 25% QT -
75% PVA. (a) N-H and O-H groups; (b) Stretching C-H bonds.
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3.1.2 Swelling Characterization

One of the most relevant aspects to consider in the study of scaffolds is their maximum
degree of water absorption, since the capacity to absorb and retain water is directly related
to the capacity to diffuse nutrients and oxygen [23].

In Figure 6 the swelling percentage of the scaffolds can be observed for the specimens (i)
75% CH - 25% PVA, (ii) 50% CH - 50% PV A and (iii) 25% CH - 75% PVA. The three
specimens absorbed a large percentage of water with respect to their weight in the initial
30s, with values of 4839%, 3980% and 3589% for (i), (ii) and (iii), respectively. Likewise,
after 60s, the swelling percentage for each specimen reached a maximum of 5519%, 4148%
and 3775% for (i), (ii) and (iii), respectively. The results show that CH greatly influences
the swelling volume and reduces it from 5519% to 3775% when mixed with PVA. The
reduction in the swelling volume can be attributed to a more rigid network formed by the
intermolecular and intramolecular reactions of the polymers [24]. The increase in the
swelling value can be explained through the high availability of amino groups, responsible
for non-covalent bonds in water, which occupy the free space between chains and increase
the volume of the sample. The degree of reduction also depends on factors such as the
molecular weight of the components, pH, temperature [25].
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Figure 6. Swelling curve of the prepared scaffolds.
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Table 1. Percentage of swelling specimens evaluated

Samples Time (s) Swelling (%)

75% CH -25% PVA 60 5519 + 956

50% CH -50% PVA 60 4148 +720

25% CH -75% PVA 60 3775 + 538

3.1.3 Porosity Characterization

Porosity plays an important role in scaffolds used in tissue engineering because pores allow
cell migration and blood vessel growth through the scaffold. Furthermore, pores ensure the
effective exchange of nutrients and waste between cells and their microenvironment [59].
The porosity found for specimens (i), (ii) and (iii) is shown in Table 1. It can be seen that the
maximum porosity was of the specimen (i), with the highest QT concentration. Likewise,
the minimum value of porosity was noted in the specimen (ii), with an equivalent
concentration of QT and PVA. No greater difference was obtained in the porosity
percentages of the specimens (i), (ii) and (iii), this is due to the freeze-drying process used
in the synthesis of the scaffold. In the literature it can be found that when handling more
cycles in lyophilization, the percentage of porosity increases [14], while in the methodology
of the present investigation, a lyophilization cycle was used for all specimens. This is related
since the samples at the time of being frozen are subjected to an increase in pressure and the
solvent passes from the liquid to the gas phase, leaving a space where the pore is formed
[14]. Generally, a high degree of porosity is a characteristic of an ideal scaffold used in tissue
engineering. A large space and nutrition for the cells will be given by a scaffold with a high
level of porosity [24].

Table 2. Percentage of porosity evaluated specimens

Samples Porosity (%)
75% CH - 25% PVA 72.17 +4.56
50% CH - 50% PVA 70.12 +2.30

25% CH - 75% PVA 70.19 £ 0.38
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3.1.3 Cell viability assay (metabolic activity) by reduction of compound MTT

In tissue engineering, an ideal scaffold is the one that in addition to having excellent
mechanical properties, does not produce toxic or adverse effects when applied to living
tissue. The effect of scaffolds on osteoblast proliferation and survival viability was studied
by means of the MTT compound reduction cell viability assay.
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Figure 7. MTT test results.

The absorbance level and standard deviation obtained for each specimen can be seen in
figure 7. Each absorbance value is the average of the absorbance values in each well. These
values were obtained from the ELISA reader. It can be seen that the absorbance value for
specimens (i), (ii) and (iii) is considerably higher than that of the control, which
demonstrates the presence of cells adhered to the scaffold at the end of the assay (Figure 8).
The absorbance values of the different specimens did not show greater variation.
Furthermore, it can be seen that the lowest absorbance value was obtained in the specimen
with the highest quantity of QT. This can be attributed to the shape of the pores that the
scaffold may have, which influences adhesion, proliferation and migration of cells [20].
Likewise, the high absorbance of the specimens can be explained due to the high level of
biocompatibility that QT has with osteoblasts [7], and an adequate sterilization process.
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Figure 8. Cell culture concentration (i)
4. Conclusions

In this investigation, a scaffold was synthesized with two polymers CH and PVA. The
study showed that by varying the concentration of QT and PV A, associated with the
lyophilization method used, it is possible to control properties that will allow the scaffold
to be applied in bone regeneration.

In the first place, the values obtained in porosity were similar because a lyophilization
stage was used for the three samples, a process which allows controlling the values of this
property. Additionally, the results of the degree of swelling indicate that in a
concentration with a higher quantity of CH, the scaffold obtains better swelling properties.
This result is consistent with others in the literature, and it is demonstrable because there
is less presence of hydrophilic groups in a PVA-QT mixture, when the concentration of
PVA is increased.

As mentioned above, the MTT assay was performed in order to quantify the formation of
formazan crystals through the changes in absorbance that the samples presented at a
wavelength of 590nm, values that proportionally represent cell viability. First, the scaffold
had to be sterilized, so that the cell viability assay was not affected. This was achieved by
means of series of ethanol and PBS, and it proved to be an effective method to achieve a
sterile environment in which the cells can survive, due to the fact that no turbulence or
color changes were observed in the medium where the cells were grown. Furthermore, it
is a simple procedure which can be implemented in future research. The three specimens
showed the presence of cells at the end of the test, the variation in absorbance did not
reflect significant changes, which allows us to say that the cells managed to proliferate in a
favorable environment.
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Finally, the three specimens were characterized through these tests, however, the one with
the highest amount of CH presented better properties than the others, which means that this
research can be expanded by adding more characterization tests that allow to know more
thoroughly the properties of an SPBA when synthesized with different concentrations of QT
and PVA. It is recommended to study the degradation index of the scaffolds, and a SEM test
in order to know more about the structure of the pores.
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