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Objetivos

Sintese e caracterizagdo de tintas de
biomateriais gelatina-alginato em diferentes
propor¢des embebidas posteriormente em
quitosana de baixo peso molecular visando a
contribuicdo para o desenvolvimento de um
tratamento complementar e alternativo para
pacientes acometidos por queimaduras
utilizando a impressdao 3D como método de
processamento.

Métodos e Procedimentos

Gelatina foi dissolvida em 4gua destilada a 40°C
por 30 minutos com agitacdo magnética.
Alginato foi adicionado e misturado a 50°C por
2 horas para homogeneizagdo. As solucdes
foram deixadas em repouso a temperatura
ambiente (24-25°C) antes da impressdo. A
mistura foi tratada com ultrassom e centrifuga
para remover bolhas. Uma solucéo de cloreto de
calcio (CaCl2), acido acético glacial e quitosana
foi preparada sob agitacdo constante.

As analises reoldgicas foram feitas com um
rebmetro AR1500 EX (TA Instruments) usando
geometria placa-placa. As medidas incluiram
testes de amplitude para determinar a regiao de
viscoelasticidade linear (LVE), testes de

varredura de frequéncia e medicdo dos médulos
elastico (G') e viscoso (G") a 1Hz.Ensaios de
tixotropia foram realizados para medir a
viscosidade em diferentes intervalos de
cisalhamento.

A tecnologia de impressdo 3D utilizada foi
baseada em extrusdo movida por pistdo, usando
a Impressora 3D Bioender-BioEdTech com um
sistema Peltier para controlar atemperatura da
cama entre 8-11°C. A seringa foi fixada no eixo
Z do braco robotico, que controlava o movimento
nas direcbes X, Y e Z. Corpos de prova de dez
camadas foramdesenhados com os softwares
Fusion360 e Cura, com dimensdes finais de
15x15x2,5 mm?3 e preenchimento Grid 25%.
ApOs a impresséo, os curativos foram imersos
na solugdoreticulante por 10 minutos, cobertos
com PBS apH 10 e lavados com PBS a pH 7.
Os testes de extrusdo avaliaram a capacidade
de formar filamentos continuos variando o
didmetro das ponteiras. O ‘indice de
printabilidade" Pr foi utilizado para avaliar a
fidelidade de impressdo, selecionando
combinacgfes de condi¢des e formulagBes com
0,9 < Pr < 1,1 para comparacGes de geometria
e dimensdes.
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Resultados

Apés varios testes utilizando apenas a
centrifuga a diferentes rpm e tempos, foi
observado que para remover bolhas menores
era necessario inserir a formulacdo no
ultrassom por 1 hora a temperatura ambiente
antes de passar pela centrifuga. A melhor
sequéncia e duracdo dos procedimentos foram
determinadas. A altura de camada ideal foi
testada para as concentracdes A7G3 e A5G4,
concluindo-se que 0,4 mm deveria  ser
constante para todos os testes. A impressao foi
realizada a temperatura ambiente, embora
testes com temperaturas variaveis possam
reduzir a pressdo de impressdo necessaria.
Materiais viscoelasticos tém caracteristicas
complexas em relacdo ao mdOdulo de
cisalhamento, com moédulos de
armazenamento (G') e de perda (G") indicando
comportamento elastico e Viscoso,
respectivamente. A tixotropia, ou variagdo da
viscosidade ao longo do tempo, € crucial para
uma impressdo precisa, pois descreve a
recuperacao da viscosidade apds a deposicéo.
Analises reoldgicas mostraram mudancas nas
propriedades viscoelasticas ap6s a adicao de
gelatina ao alginato. As misturas exibiram
comportamento pseudoplastico conforme o
modelo de Ostwald-de Waele, com viscosidade
diminuindo como uma fungdo da taxa de
cisalhamento. Par@metros como coeficiente de
consisténcia (m) e indice de comportamento de
fluxo (n) foram determinados para cada
formulagdo. A mistura A5G4 mostrou a maior
viscosidade inerente, enquanto A7G3
apresentou a menor.

Foi observado que a gelatina aumentou tanto G'
guanto G" e a viscosidade geral, resultando em
maior pressao na seringa e comportamentomais
soélido. Para que a formulagdo sejaconsiderada
um hidrogel, deve haver predominancia do
comportamento elastico sobre o viscoso. As
formulagbes A7G4, A5G4, A6G3 e A55G4
atenderam a esse critério.

A extrusdo de filamentos depende das
propriedades reoldgicas do material, sendo
crucial para uma impressao precisa. Ageometria
cilindrica das ponteiras néo foiadequada devido
ao entupimento. A mistura

A5,5G4 foi impressa a diferentes velocidades,
otimizando-se a velocidade de impressdo com
base na uniformidade dos filamentos.
Parametros como fluxo e velocidade foram
ajustados para obter melhores resultados.
Inicialmente, as misturas A5G4 e A5,5G4
apresentaram excesso de material a 5 mm/s,
resultando em poros arredondados e filamentos
ndo retilineos. Aumentando a velocidade e
controlando o fluxo, obteve-se melhorias. A
formulagéo A5G4 foi comparada
geometricamente com o projeto original,
avaliando-se visualmente a fidelidade de
formato.

Diferengas de foram

altura e largura

observadas, com a condicdo de impresséo
A7G3-30-05, A6G3-20-20 e A6G3-30-05 sendo
as mais adequadas para impressdo 3D dos
hidrogéis.

Figura 1: Registro de dimensbes dos impressos
realizados com os parametros a) A6G3-30-05; b)
A7G3-30-05; ¢) A7G4 30-20; d) A6G3- 20-05; e)
A6G3-20-10; f) A6G3- 20-20 com os corpos de prova
ao lado dos respectivos desenhos originais com o
fluxo de 30 e 20 (apenas para viés comparativo, nao
se apresenta em escala representada).

realizados com osparametros a) 30-05; b) 20-05; ¢)20-
10; d)20-20 com a formulagdo A5G4 ao lado do
desenho original com o fluxo de 30e 20 (apenas para
viés comparativo ndo se apresenta em escala
representada).
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Conclusodes

Os resultados para A5,5G4, e a maioria de
A7G3 e A7G4, mostraram valores de Pr
insatisfatérios, indicando a impossibilidade de

PAXTON, N. et al. Proposal to assess printability
of bioprinting bioinks for extrusion-based and
evaluation of rheological properties governing
bioprintability. Biofabrication, v. 9, n. 4, p.

impressao em diversas condi¢cdes. No entanto,
A5G4 apresentou bons resultados.
Inicialmente, a uma velocidade de 5 mm/s e
fluxo de 100, houve sinais de excesso de
deposicdo de material. Ao aumentar a
velocidade e regular o pardmetro de fluxo,
concluiu-se que as melhores condigbes de
impressao para essa concentragéo foram: fluxo
20 e velocidades de 10 e 20 mm/s.

Ao testar A7G3, A6G3 e A7G4, foi observado
gue o comportamento reolégico de A7G4
restringiu severamente sua impressdo. As
configuracbes A7G3-30-05, A6G3-20-20 e
A6G3-30-05 mostraram-se mais adequadas.

No futuro, o trabalho pretende confirmar a
modificacdo da superficie realizada pela
quitosana, em conjunto com a solugdo de
reticulagdo, e realizar testes basicos para
verificar a liberacdo controlada de um farmaco
hidrossoluvel.
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Objectives

Synthesis and characterization of gelatin-
alginate biomaterial inks in different proportions,
later soaked in low molecular weight chitosan,
aiming to contribute to the development of a
complementary and alternative treatment for
burn patients using 3D printing as a processing
method.

Materials and Methods

Gelatin was dissolved in distilled water at 40°C
for 30 minutes with magnetic stirring. Alginate
was added and mixed at 50°C for two hours to
ensure homogenization. The solutions were left
to rest at room temperature (24-25°C) before
printing. The mixture was treated with
ultrasound and centrifugation to remove
bubbles. A solution of calcium chloride (CaCl2),
glacial acetic acid, and chitosan was prepared
under constant stirring.

Rheological analyses were performed using an
AR1500 EX rheometer (TA Instruments) with a
plate-plate geometry. The measurements
included amplitude tests to determine the linear
viscoelastic (LVE) region, frequency sweep
tests, and the measurement of elastic (G') and
viscous (G") moduli at 1 Hz. Thixotropy tests
were conducted to measure Vviscosity at
different shear rates.

The 3D printing technology used was based on
piston-driven extrusion, utilizing the Bioender-

BioEdTech 3D Printer with a Peltier system to
control the bed temperature between 8-11°C.
The syringe was fixed on the z-axis of the
robotic arm, which controlled movement in the
X, Y, and z directions. Ten-layer test specimens
were designed using Fusion360 and Cura
software, with final dimensions of 15x15x2.5
mm?3 and a 25% Grid infill. After printing, the
dressings were immersed in the crosslinking
solution for 10 minutes, covered with PBS at pH
10, and then washed with PBS at pH 7.
Extrusion tests assessed the ability to form
continuous filaments by varying the diameter of
the nozzles. The "printability index" (Pr) was
used to evaluate print fidelity, selecting
combinations of conditions and formulations
with 0.9 < Pr < 1.1 for comparisons of geometry
and dimensions.

Results

After several tests using only the centrifuge at
various rpm and durations, it was found that to
effectively remove smaller bubbles, the
formulation needed to be subjected to
ultrasound for 1 hour at room temperature prior
to centrifugation. The optimal sequence and
duration of these procedures were determined.
The ideal layer height was evaluated for
concentrations A7G3 and A5G4, concluding
that 0.4 mm should be maintained consistently
across all tests. Printing was performed at room
temperature, although tests at varying
temperatures could potentially reduce the
required printing pressure.
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Viscoelastic  materials  exhibit  complex
characteristics concerning the shear modulus,
with storage modulus (G') and loss modulus
(G") indicating elastic and viscous behaviors,
respectively. Thixotropy, or the variation in
viscosity over time, is critical for precise
printing, as it describes the recovery of viscosity
following deposition.

Rheological analyses demonstrated changes in
viscoelastic properties following the addition of
gelatin to alginate. The mixtures displayed
pseudoplastic behavior according to the
Ostwald-de Waele model, with viscosity
decreasing as a function of shear rate.
Parameters such as the consistency coefficient
(m) and the flow behavior index (n) were
determined for each formulation. The A5G4
mixture exhibited the highest inherent viscosity,
while A7G3 had the lowest.

It was observed that the addition of gelatin
increased both G' and G" as well as overall
viscosity, leading to higher syringe pressure
and a more solid-like behavior. For a
formulation to be considered a hydrogel, elastic
behavior must predominate over viscous
behavior. The formulations A7G4, A5G4, A6G3,
and A5.5G4 met this criterion.

The extrusion of filaments depends on the
rheological properties of the material, which is
crucial for accurate printing. The cylindrical
geometry of the nozzles proved inadequate due
to clogging. The A5.5G4 mixture was printed at
different speeds, optimizing the printing speed
based on filament uniformity. Parameters such
as flow and speed were adjusted to achieve
optimal results.

Initially, the A5G4 and A5.5G4 mixtures
exhibited excess material at a speed of 5 mm/s,
resulting in rounded pores and non-linear
filaments.

By increasing the speed and controlling the
flow, improvements were achieved. The A5G4
formulation was geometrically compared to the
original design, with visual assessments made
to evaluate shape fidelity. Variations in height
and width were observed, indicating that the
printing conditions A7G3-30-05, A6G3-20-20,
and A6G3-30-05 were the most suitable for the
3D printing of hydrogels.
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Picture 1: illustrates the recorded dimensions of the
printed samples produced using parameters a)
A6G3-30-05; b) A7G3-30-05; c) A7G4-30-20; d)
A6G3-20-05; e) A6G3-20-10; and f) A6G3-20-20.
The printed specimens are shown alongside their
respective original designs, with a flow rate of 30 and
20 used for comparative purposes only (not
presented to scale).

Picture 2: Dimensional record of the printed samples
produced with the parameters a) 30-05; b) 20-05; c)
20-10; d) 20-20 using the A5G4 formulation,
alongside the original design with flow rates of 30
and 20 (for comparative bias only, not shown to
scale).

Conclusions

The results for A5.5G4, and most of A7G3 and
A7G4, demonstrated unsatisfactory Pr values,
indicating the impracticality of printing under
various conditions. However, A5G4 exhibited
favorable outcomes. Initially, at a speed of 5
mm/s and a flow rate of 100, there were signs
of excess material deposition. By increasing the
speed and adjusting the flow rate, it was
determined that the optimal printing conditions
for this concentration were a flow rate of 20 and
speeds of 10 and 20 mm/s.

Upon testing A7G3, A6G3, and A7G4, it was
observed that the rheological behavior of A7G4
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severely  limited its printability. The
configurations A7G3-30-05, A6G3-20-20, and
A6G3-30-05 were found to be the most
suitable. Future work aims to confirm the
surface modification achieved by chitosan, in
conjunction with the crosslinking solution, and
to conduct preliminary tests to verify the
controlled release of a water-soluble drug.
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