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)e use of biomaterials capable of achieving controlled release of drugs or chemical and physical interactions with living or-
ganisms causes these newmaterials to be studied in depth to better target their future applications. An example of this is the use of
materials that have in their physical structure elements with chelating effects, capable of interacting with the ions and cations
present in the cell culture media, drugs, and other elements capable of interacting with the human body. In this work, cellulose
acetate hydrogel (HAC) crosslinked with EDTAD (ethylenediaminetetraacetic acid dianhydride) showed a significant chelating
effect capable of altering the adhesion of mesenchymal cells in the first days of in vitro tests. )is result became our main question
in this work, and by using new cell viability assays, it was verified that the hydrogel interacted with the culture medium, removed
the salts present, such as Ca2+ andMg2+, and promoted a decrease in the amount of cells adhered to the material but not cell death.
After saturation of Ca2+ and Mg2+, we obtained an improvement in cell adhesion. Electrochemical impedance spectroscopy (EIS)
results also verified the dynamics of linked or mobile loads in the volume and interface regions of HAC-EDTA and the presence of
characteristic bands related to the interaction between calcium and magnesium present in the culture medium with HAC-EDTA.
)e DMA traction test showed that there was no dynamic-mechanical change in the structure of the material at temperatures
between 20 and 60°C, which is ideal for this studied biomaterial.)e purpose of these tests is to aid in the characterization of future
biomaterials, where the physicochemical interaction of some of them is often confused with a false cytotoxicity, which in fact may
only be an easily identifiable and adaptable structural feature.

1. Introduction

)emultidisciplinary collaboration enables the development
of newmaterials that can improve, for example, regenerative
processes in tissue engineering, the production of new
medical devices, and also the expansion and application of
synthetic materials for the production of biological products
for the treatment of patients [1].

)ese practices contributed to new ideas and bolder
methods, where not only objects could be developed and
replaced but also man could benefit physically from these
devices, since in a discrete but not less important way sci-
ence, technology, and the application of materials are
present in the history of the world, such as embalming

techniques, postwar surgical techniques, and even dressings
and contact lenses that are currently used [2], and currently,
we can monitor research related to hydrogels for cartilage
regeneration [3].

Hydrogels are polymers formed by three-dimensional
interconnected networks capable of absorbing and retaining
large amounts of water, thus promoting good bio-
compatibility and biodegradability [4]. To expand the
limitations of the use of bone tissue autograft, a strategy
would be to use biomaterials capable of increasing the
capacity for bone regeneration.

)us, the use of drug-bearing hydrogels for bone and
cartilage regeneration has been studied in order to find a
biomaterial model that is ideal for this type of application

Hindawi
Advances in Materials Science and Engineering
Volume 2019, Article ID 8684753, 11 pages
https://doi.org/10.1155/2019/8684753

mailto:almeidajad_bio@hotmail.com
https://orcid.org/0000-0001-6454-7767
https://orcid.org/0000-0002-6762-0234
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/8684753


[3, 5]. In addition, hydrogels have been further studied
because they minimize invasive procedures and are inserted
in regions located directly at the site of interest [6].

Gelli et al. [5] in their recent study present results related
to amorphous calcium and magnesium phosphates that
recently attracted great attention in view of their biological
relevance. In other medical aspects, the importance of un-
derstanding of this process opens up to a series of intriguing
aspects also from a physicochemical perspective.

Among the promising hydrogels in the field of bio-
materials, mainly for applications in tissue engineering
[7, 8], a new class of cellulose acetate-based hydrogels
crosslinked with sequestering agents has been extensively
studied for the controlled release of drugs and interfacial
bonding of tissue implants [9, 10].

In three-dimensional networks, this increase of covalent
bonds forms normally linear subsets, which are responsible
for separating the adjacent junction points [11]. By means of
junction points, the macromolecules interact with each other
due to the covalent bonds [11].

)e formation of polymer networks is determined by the
type of synthesis performed and by the presence of reagents
capable of branching the molecular structures, thus forming
the polymer networks, which can be formed by crosslinking
or functional group polymerization (endlinking) [11, 12].

Ethylenediaminetetraacetic acid (EDTA) is an amino-
polycarboxylic acid and a water-soluble solid, which in
processes and synthesis forms a complex precursor for a
low-temperature synthesis of cathodic materials.

)e chelating agents can be defined as chemical com-
pounds that chelate metal ions, such as calcium, magnesium,
and iron, and can form complex compounds [13], and the
main reason for using EDTA as a chelating agent is its ability
to chelate the multivalent cations, which represents the
stability in the binding strength between the chelate and the
metal ion (cation), i.e., the higher the value is, the more
stable the compound is, and the high stability means high
affinity of the chelating agent to this cation [13].

It is possible to find in the literature studies involving
EDTA as a chelating agent, such as the work of Mahmoud
et al. [13], where an improved EDTA/seawater system for oil
recovery was introduced in sandstone tanks. Improved oil
recovery fluid utilizing EDTA/seawater presents high pH
low-level chelating agents when prepared in seawater, which
present in intermediate layers at the rock/brine and brine/oil
interfaces without affecting the integrity of the rock and
dissolving the carbonated minerals [14].

In addition, it is possible to observe the stability of the EDTA
in high temperature and high pH. Mahmoud [14] showed that
EDTA has the ability to restrict the reactivity of different cations,
especially Ca2+ and Fe2+, which is proved to be the most im-
portant feature of EDTA to increase oil recovery.

Synthetic polymers with hydrophilic properties that
contain water in their structure are considered ideal for these
types of studies, such as hydrogels [15, 16], which are often
similar to the extracellular matrix molecules (also produced
by cells) and have been the focus of many studies.

Hydrogels have a flexible consistency, and they are
nonabrasive, permeable, and, in some cases, biocompatible.

)ese crosslinked materials are capable of absorbing or
exchanging fluids with living organisms [17, 18], and these
characteristics have become extremely attractive to be ap-
plied as biomaterials. )eir structure resembles the com-
ponents of the organism and, in an aqueous medium,
protects growing cells, regulates cell function, and helps in
the diffusion of nutrients and growth factors [19].

Some applications of hydrogels in biomedical fields are
contact lenses, scaffolds as a complement to tissue engi-
neering, hydrophilic membranes for controlled drug release
[3, 16, 20], cartilage implants and dressings for the treatment
of burns, and conductive polymers in bioelectronics [21].

Polymer materials used as a platform for cell growth in
general should have a surface suitable for cell adhesion and
should not interact with the culture medium [22], and for
that, during the cell culture assay, an important factor of the
process is the culture medium, which is composed of salts
enriched with amino acids and other components essential
for cell growth.

Among the minerals that make up the culture medium,
some play essential roles in the body; for example, calcium
and magnesium [23, 24] play essential roles in the regulation
of immune function [25].

Calcium is an important factor involved in the innate
immune system, which is responsible for inducing the ox-
idative explosion or the respiratory explosion process, in
which the superoxide anion (O2− ) is produced to digest
enveloped pathogens [25]. However, magnesium acts as a
cofactor in the synthesis of immunoglobulins, C3 convertase
(complement system), adhesion of immune cells, antibody-
dependent catalysis, T-helper adherence, and B cells [26, 27]
and has an excellent osteogenic activity [28], and there are
studies that have demonstrated antitumor activity of mag-
nesium among other minerals associated with calcium [29].

Absence of these salts in the culture medium can affect
cell adhesion and cell division and impair the progress of the
experiment. One of the possibilities of deficiency of this free
calcium and magnesium in the culture medium can be
attributed to materials whose structure is crosslinked with
other materials, with a chelating effect, such as the hydrogel
used in the development of HAC-EDTA [12], which has
EDTA.

)e hydrogels that present metric networks with the
capacity to retain water inside the porous structure [12]
show possibilities in biomedical applications; for example,
hydrogels based on natural polymers, including cellulose, are
of particular interest due to their hydrophilicity, bio-
compatibility, and biodegradability [30].

HAC-EDTA is a new polymeric material developed in
our research group [12]. It presents features of high degree of
swelling, amphoteric character, and low production value,
has more attractive physical, chemical, and thermodynamic
properties, and has possible application as a biomaterial,
which must be evidenced in this work as something unheard
of, since this material was never used as a biomaterial until
now.

Its amphoteric character draws attention to applications
related to controlled release of drugs in several types of
treatments. )ere are currently no reports in the literature
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on cellulose acetate hydrogels crosslinked with EDTA dia-
nhydride whose possible chelating effect has been studied for
applications such as biomaterials that have the ability to
remove salts from the culture medium and release them
later.

Knowing that HAC-EDTA exhibits some of the char-
acteristics mentioned above, it was observed that during the
cell culture assays, there was a decrease in the amount of cells
and that there was no cell death since many cells were present
in the polystyrene wells and some cells were not adhered. It
was therefore questioned whether the material was cytotoxic
or whether the chelating effect could be interacting with the
salts present in the culture medium, thus causing change in
results and even a false result of cytotoxicity.

Preliminary studies of the group left some doubts re-
garding the interaction of calcium and magnesium with
HAC-EDTA. For this reason, more tests were carried out on
these hypotheses. )e possibility of adsorption of Ca+2 and
Mg+2 by EDTA, widely known as a chelator, that are present
in the structure of the material, allows controlled release of
these nutrients during the final stage of cell culture, which
implies an increase in the amount of Ca2+ and Mg2+ present
in the HAC-EDTA structure due to the chelating effect of
EDTA, thus promoting better cell adhesion on the surface of
the hydrogel. Some characterization studies were also per-
formed to support the results of this work. It is fundamental
to understand this dynamics of interaction because this
material has a main function to be used as a biomaterial, and
all possibilities of interaction must be very well characterized
so that it is not confused with false results of toxicity of the
material.

2. Materials and Methods

2.1. HAC-EDTA Synthesis. )e HAC-EDTA in question is a
polymer having crosslinked chains, and its polymer chains
are linked together by chain segments joined by covalent
primary forces developed by Senna et al. [12].

)e material is composed of cellulose acetate with the
degree of substitution (GS) 2 and 5 and EDTAD, with
cellulose acetate being the main base of the hydrogel. )e
material is synthesized by crosslinking cellulose acetate
chains with EDTAD acting as a crosslinking agent both in
the medium of dimethylformamide as solvent, and after
homogenization, is added triethylamine as the catalyst. For
the production of thin films of HAC-EDTA, casting process
is carried out using glass plates and curing process is per-
formed for 10 days (Figure 1).

2.2. Preparation of HAC-EDTA Samples. For the molding of
the materials and preparation of the test specimens after the
synthesis and gelation reaction of the HAC-EDTA, Petri
dishes were used to prepare membranes, as they allow
thicker materials, and glass plates with dimensions of
50 cm× 50 cm× 0.4 cm were used for the preparation of
films; after the curing process of the hydrogel, which is
already crosslinked, the material is milled to obtain particles.
)e test specimens for cell viability tests (film) and metal

adsorption tests (membrane) were cut into 0.5 cm discs
(Figure 2).

2.3. Fourier-Transform Infrared (FTIR) Spectroscopy.
FTIR analysis is an ideal technique for quantitative analysis
of chemical processes in real time. With the use of a remote
probe and spectrometers, the FTIR allows to perform
analysis of functional groups.

)e material used for analysis was the HAC-EDTA film
after the cell culture assay to verify the presence of proteins
and drugs retained in the hydrogel structure and thus to
evaluate the possible changes in the bands of the material
after loading. )e analysis was performed at the Campus
Sorocaba Laboratory of PUC-SP, using the PerkinElmer
Spectrum 400 FT-IR 400 FT Mid-IR Spectrometer with
frequencies between 400 and 4000 cm− 1. Five dry samples
(film) were analyzed by the ATR method.

2.4. Impedance Spectroscopy. Impedance spectroscopy is an
interesting technique to characterize the electrical behavior
of solid materials, such as those developed in materials
engineering. )e impedance tests were performed at the
“Gleb Wataghin” Institute of Physics at Unicamp, under the
supervision of Prof. Dr. Antonio Riul Júnior. )e technique
used in this measurement test consisted of placing the HAC-
EDTA sample under evaluation between two electrodes,
applying an electrical stimulus, and observing the results.

An alternating voltage of the sinusoidal type was used,
and the real and imaginary parts of the complex impedance
were measured as a function of frequency.

)e impedance spectroscopy measurements were per-
formed on a Solartron impedance analyzer (model 1260), in
a frequency range of 1Hz to 1MHz, with a fixed voltage of
20mV. )e purpose of this test was to verify the variation of
the electric capacitance as a function of frequency. In im-
pedance spectroscopy, the measurements are performed by
varying the fixed frequency of the applied signal on the
interdigitated electrodes.

For the analysis of the results, graphs of the real part and
the imaginary part of the impedance as a function of fre-
quency were computed, composing the impedance spectrum
for that device formed with the sample of the hydrogel and
the two electrodes.

2.5. Dynamic Mechanical Analysis (DMA). Dynamic me-
chanical tensile analyses were performed on HAC-EDTA
samples in the film form, with dimensions of 9.0400× 7.6900×

0.5800mm, and subjected to sinusoidal deformation with an
amplitude of 240μm at a constant frequency of 1Hz, at a
temperature in the range of − 50°C to 250°C, and at a heating
rate of 2°C/min− 1, using a tensile system in accordance with
ASTM D 4065-2001.

)e samples were analyzed at the Federal University of
São Carlos, Campus Sorocaba, using dynamic mechanical
analyzer (DMA) equipment from TA Instruments, model
Q800, and tensioning and cooling claw was performed using
a chiller from TA Instruments.
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2.6. Cell Viability Assay with HAC-EDTA Saturated with
Ca2+ and Mg2+. Adipose-derived mesenchymal cells (ASC,
ATCC® PCS-500-011) were cultured to evaluate the cell
viability by direct contact in the polymeric device under
study (HAC-EDTA). After being cultured routinely, cells
were grown in Dulbecco’s modified Eagle’s medium
(DMEM), supplemented with 10% fetal bovine serum (FBS)
containing 1% antibiotics (penicillin-streptomycin) and
4mM L-glutamine. )e cell lines were incubated at 37°C in
5% CO2 and transferred in new culture bottles with trypsin-
EDTA when co-confluency was reached. After sterilization,
saturated HAC-EDTA samples of Ca+2 and Mg+2 were
maintained in a 37°C incubator at 5% CO2 under ambient
condition for 1 h in 200 μl of DMEM prior to each exper-
iment. Subsequently, the DMEM medium was withdrawn,
and a cell suspension at the concentration of 1× 104 cells/ml
was added to each well.

)e well plates were incubated at 37°C in 5% CO2. )e
hydrogel saturated with Ca2+ andMg2+ previously acclimated
to the DMEM was used as a platform to the adhered cells.
Wells without samples were used as negative control (CTRL-
N), and their results were considered as 100% cell viability.
As a positive control (CTRL-P), HAC-EDTA membranes
without saturation of Ca2+ and Mg2+ were used. )e assays
were divided into triplicates after total saturation of Ca2+ and
Mg2+ in HAC-EDTA. A triplicate of the negative control and
the positive control were also performed. After the respective
incubation times (1, 7, and 14 days), the medium was re-
moved and the wells were washed with DMEM.

2.7. Confocal Laser Scanning Microscopy. For confocal laser
microscopy observations, cells adhered in samples were
fixed with 4% formaldehyde and permeabilized with triton

Dimethylformamide 
(DMA)

Ethylenediaminetetraacetic 
acid dianhydride (EDTAD)

Cellulose 
acetate

Triethylamine

Casting process 
(with glass plate)

Figure 1: Synthesis of HAC-EDTA. Cellulose acetate and EDTAD are dissolved in DMF, then the catalyst is added, and the synthesis is
finalized by the casting process.

After curing process
(10 days)

HAC-EDTA film 
samples

HAC-EDTA film 
disc samples

Figure 2: Preparation of HAC-EDTA (film and disc) samples after the curing process.
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X-100, and after treatment with PBS, cells were immersed
and labeled in DAPI containing Fluoroshield antifade
(Sigma-Aldrich), and directly labeled by phalloidin conju-
gated with Alexa Fluor 647 (Invitrogen, �ermo Fisher,
USA) to identify actin cytoskeleton. �e samples were ob-
served by the photomultiplier tube mode using laser lines
405 nm and 638 nm to detect signals of DAPI (blue) and
Alexa Fluor 647 (red), respectively. Fluorescent excitation
and emission spectra were set according to the instruction of
the manufacturer of each �uorophore. �e acquisition mode
was set to generate 512× 512 pixel images, and pinhole
aperture was set to 53 μm to obtain optical sections of 2 μm
when under 20x objective observations. Images were ac-
quired by 10 or 100Hz scan speed for 2D or 3D images,
respectively, and their axial resolution varied from 0.3–
0.5 μm. �e Z-stack mode performed the reconstructed
slices up to 50 μm depth in the xyz scanning mode.

3. Results and Discussion

3.1. Impedance Spectroscopy. One of the characteristics of
HAC-EDTA is its amphoteric character presented by Senna
et al. [12].�is characteristic provides room for, where it still
allows, new analyses, such as checking the electrical behavior
of the material.

Electrochemical impedance spectroscopy (EIS) was
used in this work to investigate the dynamics of bound or
mobile charges in the volume and interface regions of
HAC-EDTA.

�erefore, it is possible to observe in Figure 3 that the
behavior of the impedance module up to approximately
50,000Hz is predominantly capacitive and can be observed
by the presence of a decreasing line in the graph. In this case,
the system can store electrical energy, characterizing the
hydrogel’s ability to store loads in this frequency range.

At higher than 50,000Hz, it can be observed in the
impedance module as a line parallel to the x-axis (Figure 4)
the behavior is resistive, indicating that, in this frequency
range, we have the system behaving more like a resistor; that
is, it opposes handling of cargo carriers.

Electrochemical impedance spectroscopy (EIS) is an
important technique for the characterization of a wide va-
riety of electrochemical systems, as in the case of the bonds
formed by the chelating e�ect of EDTA present in the
structure of HAC-EDTA and for the determination of the
contribution of individual electrode or electrolyte processes
in these systems.

�e electrochemical impedance spectroscopy technique
is an option for biomaterial characterization, such as studies
related to implant coatings [31], using calcium phosphate
synthesized with magnesium alloys, in which the reduction
of the corrosion e�ect in contact with �uids of the human
body should be investigated.

Impedance spectroscopy can be considered a useful tool
for the characterization of the intrinsic electrical properties
of a biomaterial or its interface. Because of the possibility of
interaction between the connected loads or moving cross-
linking regions present in HAC-EDTA, the best method-
ology to verify these results was the use of impedance

spectroscopy [31], as well as to obtain data related to the
conductivity, dielectric coe�cient, static properties of the
interface, and its dynamic change due to the adsorption and
charge transfer phenomena [32].

Furthermore, this technique may help characterize
HAC-EDTA as an electroactive polymer [32], since the
impedance of these materials can be used for conductivity
studies, or even help understand the electrochemical re-
actions that occur in this hydrogel, aiding in directing this
polymer as a biomaterial [31, 33].

3.2. Fourier-Transform Infrared (FTIR) Spectroscopy.
FTIR is one of the most important tests to study the in-
teraction between calcium, magnesium, and HAC-EDTA
since it is possible to identify and identify if there is a
formation of characteristic bands after interaction of these
elements in direct contact with the hydrogel.

In Figure 5, it is possible to observe the region with a
di�erence in bands, a disappearance observed at 1626 cm− 1,
and a decrease in bands at approximately 1400 cm− 1.

�e characteristic free NH band can be observed in
secondary amines, where the bands of 3,350–3,300 cm− 1
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represent aliphatic primary amines, in addition to the re-
duction of one or two additional bands occurring between
1,650 and 1,600 cm− 1 in the presence of conjugated alkenes
and finally in the presence of the CX band corresponding to
carbon-halogen, which represents a peak only in hydrogel
spectroscopy with DMEM after 14 days of direct contact.

Chemistry is fundamental for conducting experiments
involving materials; in the case of this work, polymeric
materials and biological structures when in the feasibility
and cytotoxicity assays express certain responses to the
stimuli of contact with the materials.

)is interest in the chemistry of organometallic com-
pounds attracted attention when it was observed that the
chelating effect of the materials could somehow cause an
interaction with the cell culture, and for that reason, it was
researched using the FTIR technique if there was notable
formation of cyclometrides, for their wide and diversified
applications in catalytic processes, and mesogenic materials,
in the medical field [34] and more recently in supramo-
lecular chemistry.

According to Trofimenko [35], the formation of cyclo-
metallates describes reactions in which organic binders

undergo an intramolecular metallation reaction, which
enables the formation of a chelate ring.

)erefore, the formation of a cyclometallate can be at-
tributed to the interaction of HAC-EDTA with Ca2+ and
Mg2+, which would justify the fact that, in the first 24 hours
of cell culture, the cellular adhesion of mesenchymal cells is
impaired and that only after 3 days of cell culture, increased
cell adhesion was observed in the material. However, after 7
and 14 days of experiment, it is possible to observe an in-
crease in number of cells adhered to the hydrogel when
compared to the negative and positive control. Such results
can be corroborated with confocal laser microscopy.

3.3. Dynamic-Mechanical Analysis. )e mechanical prop-
erties of HAC-EDTA (Figure 6) were determined by me-
chanical tests for the determination of the glass transition
temperature, Tg, using the DMA with temperature ramp by
the tensile test. [36].

)e stresses are calculated from the ratio of the load or
force to the cross-sectional area of the specimen. A pa-
rameter that quantifies the mechanical strength of a polymer
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Figure 5: Schematic of interaction of calcium with HAC-EDTA, showing a disappearance of 1626 cm− 1 band at approximately 1400 cm− 1.
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is Young’s modulus, and its definition is related to the ri-
gidity of the material, where the stiffness is directly pro-
portional to the value of the modulus [36].

)e dynamic-mechanical analysis was performed by the
temperature ramp method. )is method of thermal scan-
ning can be performed in single or multiple frequencies [37],
and it is the most common method for thermosets to obtain
module and Tg. In this case, the analysis was performed with
a fixed frequency of 1Hz for the determination of Tg [37].

In order to verify the influence of water on the secondary
transitions indicated in tan delta and Tg of the cellulose
acetate, analyses were performed on the dry hydrogel
(Figure 6).

As expected, the dry hydrogel sample showed only a
delta peak at 222.67°C, thus confirming the influence of
water on the sample.

It can be observed that the frequency effects are more
pronounced in the tan delta peaks and that the magnitude of
the storage modulus in the vitreous region is quite in-
dependent of the frequency so that the frequency effects are
more pronounced in the rubbery region [38]. )ese effects
can be observed in Figure 7.

It is possible to observe the disappearance of the first two
peaks in the dry hydrogel and a displacement of Tg of the
hydrogel in relation to the cellulose acetate. With the
crosslinking, the cellulose acetate chains will present a re-
striction in the movement, and with this greater energy for
glass transition, the temperature of Tg will increase.

)e characterization of biomaterials goes far beyond
biocompatibility, bioinductivity, and controlled drug release
dynamics, and it is also important to know the mechanical
properties. Hydrogels may have complex viscoelastic
characteristics, and therefore, DMA assays were required to
evaluate the mechanical behavior of these materials[39].

For polymeric materials whose function will be in the
field of biomaterials, negative glass transition temperatures
make their application even more interesting since it is
known that the ideal human body temperature is 37°C,
which would make it possible to use the biomaterial in
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internal or external to the human body without any kind of
modification in its structure.

3.4. Confocal LaserMicroscopy. )e cell viability assay using
the HAC-EDTA films as cell growth platform and culture
medium with Ca2+ and Mg2+ showed that, in the first
24 hours, the mesenchymal cells presented difficulty of
adhesion, which is due to the smaller number of cells ad-
hered to the surface of the hydrogel, and this directly in-
terferes with cellular activity since HAC-EDTA removes
Ca2+ and Mg2+, hindering cell adhesion during the first
hours of direct contact between the hydrogel and the culture
medium and, consequently, between the hydrogel and Ca2+
and Mg2+. However, in the latter results, it can be observed
that there is an increase in the amount of cells on the surface

of the material, as well as a corresponding morphology with
cell adhesion, which presents a scattered appearance.

Although from the beginning of the experiment the
DMEM culture medium was changed every 48 hours, there
was no decay of the cellular activity before 7 days of culture
time and after that time an increase in the cellular activity as
well as in the quantity of cells adhered to the surface of the
material at 14 days time (Figure 8), which justifies controlled
release of the hydrogel over time, removing Ca2+ and Mg2+
from the medium and releasing again.

However, the medium exchange justifies a possibility of
the hydrogel presenting higher values of Mg2+ (and Ca2+)
concentration when compared to the DMEM concen-
tration of the positive control, corroborating with the ICP
result, published in the previous article of the same re-
search group [18].

1 d

DAPI Alexa Fluor 647 Merge

(a)

7 d

DAPI Alexa Fluor 647 Merge

(b)

14 d

DAPI Alexa Fluor 647 Merge

(c)

Figure 8: Confocal microscopy analysis of ASC cells adhered to HAC-EDTA at culture times of 1, 7, and 14 days. (a) Cells with low
concentration of Ca2+ and Mg2+ on the first day of culture, which represents difficulty in adhesion of cells to the surface of the material.
(b) Adhesion was higher when Ca2+ and Mg2+ were added to the material, presenting a larger number of cells on 7th day of culture. (c)
After 14 days, the cells increased in quantity and continued to have morphology of the cell type.
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As a result, the exchange of the culture medium every
two days, where a new complete culture medium is
replaced by the culture medium that has already inter-
acted with the hydrogel and the cells, assists in increasing
the concentration of Ca2+ and Mg2+ over time. )us, one
possibility of avoiding cell stress during the first 24 hours
of cell culture is saturating the hydrogel films prior to cell
viability assays.

Confocal microscopy was also used to characterize the
morphology of HAC-EDTA when used as a cellular plat-
form, presenting the adhered cells on its surface.

Materials used as a scaffold in tissue engineering must be
well characterized, and confocal laser microscopy is used in
the analysis of cellular response by adhesion studies [40].

Cell wall hydrogel arrays of bacterial origin were pro-
duced by Favi et al. [41] as tools for the treatment of
connective tissue diseases, such as osteoarthritis. For this
study, mesenchymal stem cells that adhered to the scaffolds,
differentiated, and proliferated were used, demonstrating
that the material is cytocompatible [42].

)e presence of pores on the surface of HAC-EDTA was
not observed, confirming the results of SEM in previous
studies [18]. )e question was whether this material would
be adequate for cell growth; thus, with the help of confocal
microscopy, it can be demonstrated that HAC-EDTA
presents a suitable surface for cell adhesion (Figure 9) and
can be used as a controlled release device, besides its
biocompatibility.

)e hypotheses derived from the presented results
corroborate each other, where EDTA present in the struc-
ture of HAC-EDTA is able to form cyclometallates due to its
chelating effect using Ca2+ and Mg2+ and then to perform
controlled release due to exchange of the culture medium
every 48 hours.

Although the best type of scaffold is the extracellular
matrix because it presents biological signals and the native
environment that cells need for tissue repair [40], the de-
velopment of biomaterials that can provide these charac-
teristics to cells is still a challenge.

However, in the present work, it is possible to observe
that cell adhesion proved by confocal microscopy makes
HAC-EDTA a suitable platform for cell growth [42], al-
though in the first days a certain difficulty of adhesion was
noticed, a situation that was justified after the tests were
performed.

4. Conclusion

During the development of this work, little was known about
the dynamics of interaction between materials and cells.
However, tests have shown that the material has potential to
be used as a platform for cell growth and that despite the
interaction of HAC-EDTA present in the hydrogel with the
salts that make up the culture medium to impair cell ad-
hesion in the first 24 hours, it cannot rule out its use since
after saturation, the hydrogel has higher cell adhesion values
than the negative control, which is not very common in
materials cytotoxicity assays. Much still needs to be studied,
especially in the sense of proving the formation of cyclo-
metallates during the experiment. New experiments will be
carried out to answer such questions that have arisen in the
development of this study.
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