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RESUMO

A producdo de uma matriz compdsita de quitosana e colageno visa o
desenvolvimento de uma alternativa nacional acessivel para o tratamento de lesdes
cutaneas que necessitam de substitutos dérmicos, visto que as opgdes atuais sao
importadas e tém alto custo. Propomos neste trabalho a formulagdo de um substituto
dérmico de quitosana e colageno associado a lipossomas, sua caracterizagéo fisico
quimica e a avaliagdo de sua biocompatibilidade. Sua caracterizacdo se deu por
calorimetria exploratoria diferencial (DSC), avaliagdo das caracteristicas de
intumescimento e microscopia eletrbnica de varredura. A avaliagdo da
biocompatibilidade se deu através de parametros de biologia celular como viabilidade,
adesao e morfologia através dos ensaios de MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) com células estromais
mesenquimais derivadas de tecido adiposo humano (ADSC) e linhagem de
queratinécitos (HaCaT) e cultivo celular direto sobre o material com ADSCs e linhagem
de melandcitos (GFP labeled SK MEL 103). O material apresentou caracteristicas fisico
quimicas homogéneas que favoreceram o aporte celular, sendo adequado para as
analises in vitro, o que permitiu a verificagdo de suas caracteristicas biocompativeis
como auséncia de toxicidade e promocdo da adesdo e da viabilidade celular, ndo
causando alteragbes morfologicas significativas em ADSC e SK MEL 103. Os
resultados obtidos permitem sugerir a continuidade da investigacdo do filme proposto
utilizando modelos pré-clinicos para cobrir lesées dérmicas, a fim de testar a
capacidade do filme para a administracdo de medicamentos, bem como a capacidade

de promover o reparo do tecido da pele.

Palavras-chave: Filme de Quitosana, Colageno, Lipossomas, Biocompatibilidade



ABSTRACT

The production of a composite matrix of chitosan and collagen aims to develop
an affordable national alternative for the treatment of skin lesions that require dermal
substitutes, since the current options are imported and have a high cost. In this work,
we propose a dermal substitute of chitosan and collagen associated with liposomes, in
order to obtain a film with potential reparative properties. A chitosan hydrogel was
formulated together with collagen and liposomes suitable for in vitro analysis for
subsequent physicochemical characterization and biocompatibility assessment. It was
characterized by differential scanning calorimetry (DSC), evaluation of swelling and
scanning electron microscopy. The evaluation of biocompatibility was done through cell
biology parameters such as viability, adhesion and morphology through MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay with
adipose-derived mesenchymal stem cell (ADSC) and keratinocyte lineage (HaCaT) and
direct cell culture on the material with ADSC and melanocyte lineage (GFP labeled SK
MEL 103). The material showed homogeneous physicochemical characteristics that
favored cellular input, being suitable for in vitro analyzes, which allowed the verification
of its biocompatible characteristics such as absence of toxicity and promotion of cell
adhesion and viability, without causing significant morphological changes in ADSC and
SK MEL 103. Therefore, these results allow to suggest the continuity of this
investigation using preclinical models to cover dermal lesions in order to test the film

capacity to deliver drugs as well as the capacity to promote skin tissue repair.

Keywords: Chitosan film, Collagen, Liposomes, Biocompatibility



1 INTRODUGAO

1.1 Os Biomateriais na Medicina Regenerativa e Engenharia de Tecidos

A medicina regenerativa e a engenharia de tecidos sdo campos de estudo que
tém extrapolado o Ambito da pesquisa e alcangado a pratica clinica. Visando substituir
total ou parcialmente tecidos humanos lesionados, essas areas de pesquisa
introduziram inumeras possibilidades de reparo através do uso isolado ou combinado
de recursos como materiais biolégicos, sintéticos, células, biomoléculas e outros
(NEREM, 2011). Para o desenvolvimento de scaffolds visando a engenharia de tecidos
sao utilizados biomateriais, substancias projetadas para tomar formas que, sozinhas ou
como partes de sistemas complexos, sao usadas para direcionar, pelo controle das
interagcbes com os componentes dos sistemas vivos, o curso de qualquer procedimento
terapéutico ou diagndstico (BIOMATERIALS - JOURNAL - ELSEVIER, [s.d.]).

Entre os biomateriais mais utilizados estdo cerdmicas, metais, vidros e
polimeros. Visando sua utilizagédo na medicina regenerativa, os biomateriais disponiveis
para a engenharia de tecidos buscam simular a matriz extracelular (FEINBERG;
PARKER, 2010). As matrizes tridimensionais formadas pelos biomateriais tendem a
evoluir para ndo somente comportar células, mas também carregar e liberar
medicamentos e até mesmo estimular quimica ou mecanicamente a diferenciacao
celular (HUEBSCH; MOONEY, 2009). Entre suas aplicagdes estdo a reconstrugcao de

vasos sanguineos, nervos, 0ssos, pele e orgédos completos (BERNSTEIN, 2011).
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1.2 A Pele Humana e os Substitutos Dérmicos

A barreira entre os ambientes externo e interno formada pela pele proporciona a
manutencdo da homeostase do corpo humano através da regulagcdo da temperatura,
hidratagdo, sintese de vitamina D e proteg¢ao contra agentes externos como quimicos e
patogenos (NYAME et al., 2015). Lesbes a esse 6rgdo, o maior do corpo humano,
podem ocasionar tratamentos longos, dolorosos e caros, portanto nao surpreende que,
entre os tecidos e 6rgéos desenvolvidos até o momento, a pele foi o primeiro a ir da

pesquisa em laboratério ao leito hospitalar (VIG et al., 2017).

Inimeras opgdes de substitutos para as diferentes camadas da pele estédo
disponiveis comercialmente, entre elas estdo produtos elaborados com acido
hialurdénico, fibrina, membrana amnidtica, silicone, plasma rico em plaquetas,
submucosa intestinal porcina e muitos outros (HO et al., 2017). Atualmente, a
cicatrizacdo de feridas move 12 bilhdes de ddlares por ano nos Estados Unidos
(LEAVITT et al., 2016). No Brasil, onde temos mais de 1 milhdo de pessoas sofrendo
queimaduras todos os anos, urge o desenvolvimento de alternativas nacionais
acessiveis para o tratamento de lesdes da pele (BATISTA; CORDOVIL; DE N. M,
2012).

1.3 A Quitosana na Engenharia de Tecidos

A quitosana é um polissacarideo formado a partir da desacetilagdo da quitina,
que é o segundo biopolimero mais presente na natureza, perdendo apenas para a
celulose. A quitina esta presente no exoesqueleto de artropodes como o camarao e o
siri (LI et al.,, 2018). Seu carater policatidbnico contribui para suas caracteristicas
favoraveis ao uso na engenharia de tecidos, como mucoadesividade e capacidade
hemostatica e antimicrobiana (YOUNES; RINAUDO, 2015). Devido a sua

biocompatibilidade, ndo-toxicidade e biodegradabilidade, a quitosana foi aprovada pela
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organizagdo americana Food and Drug Administration (FDA) como revestimento
dérmico (WAHL et al., 2015).

No estagio inflamatério a quitosana pode ativar a migracdo de neutréfilos e a
fagocitose de macrofagos, estimulando a deposigdo da matriz extracelular e a
reepitelizacao, além disso, ela pode inibir a acao de metaloproteinases, enzimas super
expressas no exsudato de feridas crénicas que podem prejudicar a fase de
remodelamento da cicatrizacdo da ferida, exercendo um efeito corrosivo nos

componentes da matriz extracelular (VIGANI et al., 2019).

Até 2017, as principais patentes depositadas por universidades e institutos de
pesquisa que envolviam quitosana ou colageno estavam relacionadas a materiais
antibacterianos (GWAK; SOHN, 2017). Apesar da prevaléncia dos antibidticos na
producdo desses materiais, diferentes estudos testaram outras drogas, incluindo filmes
de quitosana preparados por diferentes métodos e carregados com FGF (fator de
crescimento de fibroblastos) e EGF (fator de crescimento epidermal) facilitando o
reparo tecidual em excisdes de pele de porcos e de ratos (HONG et al., 2008; MIZUNO
et al., 2003).

Diferentes estudos com analises in vivo avaliam filmes compdsitos de quitosana
(TSAO et al., 2011; XU et al., 2007; ZHANG; YANG; NIE, 2008), porém encontram-se
com menos frequéncia trabalhos com cultivo direto de células sobre o material para
avaliacdo de sua biocompatibilidade, o que pode estar relacionado a dificuldade de
transposicdo de parametros de anadlise. Além das caracteristicas de superficie do
scaffold, seu pH e suas condi¢des de esterilidade podem impedir ou facilitar o cultivo
celular, que pode ser objetivado tanto para analise de biocompatibilidade quanto para
futura utilizacdo do scaffold como suporte para administracdo de células com potencial

terapéutico.

Considerando melhorar as propriedades de um filme preparado com quitosana
tanto em termos de biocompatibilidade quanto em termos fisico quimicos, diferentes

materiais podem ser associados (PARK et al., 2002). O colageno tem sido estudado
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como componente de matrizes compdsitas por ser uma das proteinas fibrosas mais
abundantes no corpo humano, demonstrando melhorar a adesdo, migragcdo e
proliferagao celular (HESSE et al., 2010; TOZZI et al., 2016).

1.4 Matrizes compoésitas de quitosana como sistemas de liberagao controlada

Uma das principais funcionalidades de biomateriais de quitosana é a
administragdo de farmacos e moléculas bioativas ao longo do tempo, sem a
necessidade de repetidas aplicagcdes. Para a associacdo do composto ativo €, muitas
vezes, necessaria a protecdo da substancia por nanocarreadores. Vesiculas de
carreamento como as lipossomas podem proteger as drogas de degradagao, aumentar
a absorcéao intracelular, promover a liberagao sustentada e melhorar a localizagao para
o sitio de aplicagdo (MENGONI et al., 2017).

Lipossomas sdo compostas por fosfolipidios que formam uma bicamada lipidica
com caracteristica anfipatica, circundando um nucleo aquoso. Essas estruturas sao
alternativas para a encapsulacdo de compostos de interesse como peptideos e
macromoléculas e podem transformar revestimentos inertes em revestimentos
bioativos e multifuncionais, incorporando agentes terapéuticos (ELOY et al., 2014,
VIGANI et al., 2019).

Apesar de ndo haver estudos de um filme compdsito de quitosana e colageno
em associagao com lipossomas reportados na literatura, ja foi demonstrado que um gel
de quitosana contendo fator de crescimento epidermal (EGF), tanto encapsulado em
lipossomas quanto livre na formulacdo, acelera a epitelizacdo de queimaduras de
segundo grau em ratos de maneira superior a aplicacdo das lipossomas com EGF
isoladamente (ALEMDAROGLU et al., 2006; DEGIM et al., 2011; ALEMDAROGLU et
al., 2008).
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2 JUSTIFICATIVA

A capacidade de reparo tecidual mediante feridas crénicas e queimaduras
muitas vezes € insuficiente sem intervencdo terapéutica. Essa capacidade é
prejudicada por fatores em ascensao que diminuem o potencial regenerativo intrinseco
da pele, como o aumento da prevaléncia de diabetes, doencas arteriais e venosas,
infeccbes resistentes e deficiéncias metabdlicas apresentadas pela populagao idosa
também em ascensdo. Considerando-se a dependéncia do Brasil de materiais para
substituicdo dérmica na terapia de lesdes cuténeas, os quais sdo importados e tém alto
custo para o Sistema Unico de Saude, ha a necessidade de desenvolver alternativas
nacionais acessiveis, como a matriz compadsita proposta neste trabalho, visando sua

futura aplicagdo em modelos clinicos de regeneragao tecidual.
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3 OBJETIVOS

Objetivo Geral

Desenvolver um filme compédsito de quitosana e colageno com

lipossomas e avaliar sua biocompatibilidade in vitro.

Objetivos Especificos

1. Formular um filme compdsito de quitosana, colageno e lipossomas com

caracteristicas que permitam a biocompatibilidade;

2. Caracterizar o filme desenvolvido por calorimetria exploratéria diferencial
(DSC), microscopia eletronica de varredura (MEV), intumescimento e

umidade;

3. Isolar, cultivar e caracterizar células estromais mesenquimais derivadas
de tecido adiposo (ADSC);

4. Avaliar a viabilidade celular apds contato com extratos do filme compadsito
através de ensaio de MTT utilizando ADSC e linhagem de queratinécitos
(HaCaT);

5. Avaliar o cultivo e ades&o de linhagem fluorescente de melanoma (SK
MEL 103) sobre o filme.
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4 ARTIGO CIENTIFICO

Development of chitosan, gelatin and liposome film and analysis of its biocompatibility in

vitro

Samlai Vedovatto', Jordano C. Facchini?, Raquel K. Batista®, Thais C. Paim', Maria Ismenia Z.

Lionzo?*, Marcia R. Wink™

*These authors share senior authorship.

' Laboratorio de Biologia Celular, Departamento de Ciéncias Basicas da Saude, Universidade

Federal de Ciéncias da Saude de Porto Alegre, Porto Alegre, RS, Brazil.

2 Departamento de Farmacociéncias, Universidade Federal de Ciéncias da Saude de Porto

Alegre, Porto Alegre, RS, Brazil.

Abstract

A film of chitosan, gelatin and liposome has been designed for dermatological
applications. Several adaptations were required throughout development to facilitate in vitro
analysis, physicochemical characterization and biocompatibility evaluation. The final version of
the film was characterized by differential scanning calorimetry, evaluation of swelling and
scanning electron microscopy. The biocompatibility of the film was assessed by investigating
cellular parameters of three types of human cells by direct contact or through films extracts: 1)
primary culture of adipose-derived mesenchymal stromal cells (ADCSs) and melanoma cell
lines were used to test cell adhesion and morphology by direct cell culture on the material; I1)
ADSCs and immortalized keratinocytes were used in cell viability assay using different films
extracts. The film showed physicochemical characteristics that favored cellular input, being

suitable for in vitro analysis, which allowed its biocompatible characteristics such as the

12



absence of toxicity to be verified without causing significant morphological changes in ADSCs
and melanoma cell line. Altogether, these results suggest that the material has a potential
application for drug delivery and promotion of skin tissue repair and is therefore worthwhile for

further investigations using preclinical models to cover dermal lesions.

Keywords: Chitosan, Gelatin, Liposome, Biomaterial, Film, Biocompatibility analysis
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Graphical abstract
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Highlights:

Films of chitosan, gelatin and liposome have been developed.

The films were modified for in vitro analysis in terms of integrity and acidity.

The film is a blend with a homogeneous surface.

Chitosan, gelatin and liposome films showed biocompatible characteristics.
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1. Introduction

The fields of tissue engineering and regenerative medicine have suggested dermal
substitutes of different materials aimed at accelerating wound healing. From natural to synthetic,
these matrices with pro-regenerative characteristics are developed through a combination of
substances that have the capacity to carry drugs and biomolecules to improve their properties
[1]. These structures can be designed to release drugs in a controlled manner, through
assembling and/or association with carriers of different origins and configurations. Several
combinations can be used to provide different strategies to administer biologically active

compounds, acting as delivery systems [2].

Chitosan is a cationic polymer derived from chitin, an abundant polysaccharide extracted
from invertebrate skeletons [3]. Due to its biocompatibility, non-toxicity, stability, low
allergenicity and biodegradability properties, chitosan is a suitable material for dermal
substitutes [4]. In addition to the biological functions, chitosan film architecture enables the
creation of a structure which guarantees material’s integrity while handling [5]. This polymer has
previously been used as a scaffold loaded with bioactive molecules with different applications
for epithelial and soft tissues, such as vascularization, nerve regeneration, periodontal tissue
repair and others [6]. To accomplish sustained drug release in chitosan scaffolds, nanoparticles

and liposomes may be employed to carry and deliver the substance of interest [7].

Many studies have shown that chitosan-based materials promote wound healing and
can be utilized for drug delivery. For example, Degim et al. (2011) demonstrated that a chitosan
gel formulation containing liposomes loaded with epidermal growth factor observed more rapid
epithelialization of second-degree burn wounds in treated rats [8]. In another study,

Griseofulvin-loaded liposomes in chitosan film were developed with greater efficiency by
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Bavarsad et al. (2016) for topical drug delivery in superficial fungal infections [9]. Additionally, a
composite chitosan-based vaginal sheet successfully incorporated drugs to treat vaginal clinical
conditions characterized by excessive fluid [10]. Chitosan hydrogels have also been used in
mucoadhesive semisolid formulations combined with polymeric nanocarriers for the treatment of
human papillomavirus infection. In this study the authors found that nanocapsules incorporated
into chitosan hydrogel performed better than chitosan-coated nanocapsules incorporated into
hydroxyethylcellulose gel [11]. These studies indicate that chitosan-derived materials are a

promising tool for wound therapy and other clinical issues affecting the skin and mucosa.

Previously, Lionzo et al. (2012) ascertained that the addition of nanovesicles has an
effect on the porosity, hydrophobicity, flexibility and roughness of chitosan film[5]. Nanovesicles,
such as liposomes, contribute to the film's composition by increasing the lipophilicity and
malleability of the material. As well as affecting the film structure, liposomes can also modulate
the wound healing process because of its ability to adhere strongly to the skin and cell surfaces,
biocompatibility and rapid cellular penetration which are useful properties for drug delivery
systems [12]. Given that blends containing chitosan as an excipient released more than 80% of
the active pharmaceutical ingredient within 30 min, the addition of carriers, such as liposomes,

could be an alternative when a more prolonged release is desired [13].

Following the film formulations of Lionzo et al. (2012) and Libio et al. (2016), gelatin was
added to improve the flexibility of the film, as gelatin and chitosan have good miscibility and
form a wide range of blends [14,15]. Due to its solubility, gelatin functions by modulating the
degradation of the film, in addition to providing amino acid residues that favor cell interaction

[16]. Gelatin has a relatively low cost and it was added because of its hemostatic activity,
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excellent biocompatibility, low antigenicity, controlled biodegradability and cellular attachment

and growth stimulation [17,18].

In this work we present a new film formulation composed of chitosan, gelatin and
liposome aimed at applications for treating skin injuries. To achieve this, we analyzed the
physicochemical properties and adjusted the characteristics of the material to the cell culture
environment to be able to evaluate the toxicity in vitro and cell biology parameters, including
biocompatibility tests. The methodological adaptations needed during the development to allow
the in vitro analysis are available as separated chapters to the readers. Importantly, here we
bring an innovative wound healing application of a new film composition that has not been

explored in the field.

2. Materials and methods

2.1. Materials

Medium Molecular Weight Chitosan was purchased from Sigma-Aldrich (Steinheim,
Germany) and Gelatin from CRQ Quimica (S&o Paulo, Brazil). Hydrogenated
phosphatidylcholine from soybean (Lipoid S PC-3) and 1,2-Dipalmitoyl-sn-glycero-3-phosphate,
Monosodium salt, (DPPA-Na) (Lipoid PA 16:0/16:0) was purchased from LIPOID GMBH
(Ludwigshafen, Germany). Dulbecco’s modified Eagle medium low and high glucose (DMEM)

were obtained from Sigma Chemical Co. (Missouri, USA).

2.2. Production of liposomes

Liposomes (LP) were prepared by reverse-phase evaporation method adapted from
Mertins et al., 2006, briefly: 5.4 mg of phosphatidylcholine (PC) and 0.6 mg of phosphatidic acid

(PA) were dissolved in 0.5 mL of chloroform; an emulsion was formed by the addition of 200 yL
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of phosphate buffer to the solution and then sonicated (2 — 3 min) to obtain the reverse micelles.
The solvent was removed under reduced pressure, leading to a viscous organogel. Then, the
LP was formed by stirring 2 mL of phosphate buffer in the organogel (3 mg of phospholipids per

mL) [19]. The samples were made in triplicate.

2.3. Characterization of liposomes

Liposomes size distribution and zeta potential were evaluated by using dynamic light
scattering (DLS) and electrophoretic mobility (Zetasizer Nano ZS, Malvern). For analyses
samples were diluted (1:500) using pre-filtered NaCl aqueous solution (10 mM). The analyses

were performed at 25 °C.

2.4. Preparation of chitosan, gelatin and liposomes film

The films were prepared with chitosan (2.6% m/v) hydrated with glacial acetic acid
(0.7%, aqueous solution) and methylparaben (0.05%). The chitosan dispersion was left for 24 h
for gelification. For film formation the liposomes (0.3% m/v) were mixed with chitosan (2.6%
m/v) and gelatin (2% m/v) in the final concentration of 60% chitosan, 15% gelatin and 25%
liposomes (v/v). The sample was named as CH-GEL-LP film. All homogenizations were
performed by 1 min stirring. The liposome-loaded chitosan-gelatin hydrogel was then poured
into plastic petri plates to dry for 24 h at 60 °C in the drying oven (002 CB Fanem, SP, BR).
After drying, they were left in a desiccator for 24 h. The dried films were then neutralized with
three washes of sodium hydroxide 1 M and three washes of ultrapure water (Milli-Q®). Aiming
to avoid contamination during the cell culture tests, after drying, the films were exposed to UV-C

radiation (254 nm) for 1 h inside Thermo Scientific™ 1300 Series A2 Biological Safety Cabinet.
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2.5. Film microscopy

The films were analyzed by optical microscopy (OM) to verify their homogeneity with a
BX-50 Olympus microscope with optical lens (10x/0.30 Ph1-UplanFl) coupled to a Motican 2500
camera (Olympus, Hamburg, Germany). For scanning electron microscopy (SEM) the films
were crushed while immersed in liquid nitrogen to expose the internal structure. The film pieces
were then attached to aluminum stubs and coated with gold using a Bal-Tec SCD 050 Sample
Sputter Coater. Images were acquired with the Jeol JSM-6060 scanning electron microscope

(200xand 1000x magnification).

2.6. Differential scanning calorimetry

Thermal analyses of CH-GEL-LP film were determined by differential scanning
calorimetry (DSC 60 WS, Shimadzu, Kyoto, Japan). Samples of 5.0 — 9.0 mg from the
CH-GEL-LP film and from the pure raw materials used to prepare the films [chitosan, gelatin and
phospholipids PC:PA (9:1)] were placed into aluminum crucibles and sealed. Samples were

heated from 30 to 200 °C at a heating rate of 5 °C/min with N,, (atm) in 50 mL/min.

2.7. Degree of hydration and weight Loss

The hydration and weight loss that the films suffered during the immersion time were
measured using pieces of 1 cm?2. Each piece was weighed (Shimadzu AY-220, Tokyo, Japan)
before being immersed in the cell culture medium (DMEM high and low glucose 10% FBS) at
3211 °C. To determine the hydration of the matrix, the excess of humidity was removed from the
pieces with absorbent paper after elapsed time of immersion (0.5; 1.0; 1.5; 18; 24; 48 and 72 h)

and then were weighed again. The results were applied in the equation 1:
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Hydration(%) = =& (Eq.1)

Where: W, is the dry weight of the portions before hydration and W, is the weight after

immersion in DMEM.

For weight loss three pieces were separated, left for drying in a desiccator for 48 h and
weighed again. The results were used to determine the weight loss during the immersion time,

by applying the equation 2:

w

Weight Loss (%) = % (Eq. 2)

Where: W, is the dry weight before the hydration test and W, is the weight of the portions
dried in the desiccator after immersion in the buffer. The assay was made in triplicate for each

sample.
2.8. Isolation and culturing of ADSC

Adipose-derived mesenchymal stromal cells (ADSC) were isolated from abdominal
adipose tissue of a woman donor after consent. Tissue collection was approved by Research
Ethics Committees from Federal University of Health Sciences of Porto Alegre (UFCSPA) and
Irmandade Santa Casa de Misericérdia de Porto Alegre (ISCMPA) (REC n° 3.734.612 and n°
2.998.992, respectively). ADSCs were isolated as already established by Naasani et al. (2019)
and Rodrigues et al. (2019) [20,21]. Briefly, the blood tissue was removed from the adipose
tissue by washing with phosphate-buffered saline (PBS) in a separatory funnel. Collagenase
solution (Type I, 1 mg/mL solubilized in DMEM) was used for fat digestion in a 30 min water
bath (37 °C) with vortex agitation every 10 min. Collagenase inactivation was performed with

DMEM 10% FBS. The cell's supernatant was discarded after centrifugation (600 x g; 10 min).
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Resuspension with erythrocyte lysis solution (150 mM NH.CIl, 10 mM NaHCO: and 1 mM
EDTA) diluted in ultrapure water 1:1 (v:v) was performed to remove blood cells. There was
simultaneous vortex agitation and then 15 min incubation at room temperature. Cells were
resuspended in DMEM 10% FBS after new centrifugation (600 x g, 10 min) and counted using
0.4% trypan blue (Bio-Rad, Hercules, CA, USA) exclusion method. Remaining cells were
seeded in 25 cm? cell culture flasks with DMEM 10% FBS (1000 mg/L glucose) at 37 °C in a
humidified incubator (5% CO,). Medium exchanges were realized 48h later and repeated every

3 days.

2.9. Characterization of ADSC

2.9.1. Immunophenotyping

Cell surface marker expression was measured by direct immunofluorescence staining
with FACSCalibur™ flow cytometer (488 nm argon laser) (Becton-Dickinson, San Diego, CA,
USA) with CellQuest software. Antibodies PE-anti-CD14, FITC-anti-CD34, FITC-anti-CD44,
PE-anti-CD45, PE-anti-CD105 (Invitrogen™, Waltham, MA, USA), PE-anti-CD90 (Biolegend®,
San Diego, CA, USA) and FITC-anti-CD73 (BD Pharmingen™, San Diego, CA, USA) were
incubated with 1 x 10° cells for 30 min (4 °C). A minimum of 10.000 events were collected and

data was evaluated with Flowing Software 2.

29.2. Adipogenic, osteogenic and chondrogenic differentiation of ADSCs

ADSCs between 5 - 10 passages were seeded (1 x 10* cells/cm?) into 12-well plates
(Nest Biotech). Control cells were maintained with standard growth medium (DMEM low glucose
10% FBS) and changed every three days. Three days after seeding, the growth medium was

changed for the differentiation medium. StemPro® Chondrocyte Differentiation Basal Medium
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(Gibco) was used as described by Naasani et al. (2017) [22]. Osteogenic and adipogenic
mediums were prepared as described by Beckenkamp et al. (2018), briefly: adipogenic medium
consisting of DMEM high glucose 10% FBS, 1 yM dexamethasone, 200 uM indomethacin and
10 pg/mL insulin for 21 days; osteogenic medium consisting of high-glucose DMEM 10% FBS,
0.1 uM dexamethasone, 200 uM L-ascorbic acid and 10mM B-glycerophosphate for 45 days
[23]. Samples were fixed in formaldehyde 10% (60 min) and then washed in isopropanol 60%
(5 min). Chondrocyte differentiation samples were stained with 1% Alcian Blue prepared in 0.1
N HCI for proteoglycan visualization. For lipid vesicles staining the cells were incubated with Oil
red-O (60 min). To stain calcium phosphate deposits, cells were incubated for 45 min with 2%
Alizarin Red S solution (pH 4.2). Stained differentiated cultures were compared with stained
controls. Image analysis was performed with the BX-50 Olympus microscope with optical lens

(10x/0.30 Ph1-UplanFl) coupled to a Motican 2500 camera (Olympus, Hamburg, Germany).

2.10. Cell culture on chitosan, gelatin and liposome film

2.10.1. Scanning electron microscopy (SEM)

ADSCs were seeded on chitosan, gelatin and liposome films (4 x 10* cells/cm?) for 24 h.
The films with ADSCs were washed with PBS and fixed with 2.5% glutaraldehyde (96h, 4 °C).
Then they were washed three times with PBS (30 min each). Samples dehydration was
performed with propanone in ascending concentrations (30, 50 and 70% for 10 min; 90 and
100% for 20 min). Desiccation was accomplished with Balzers CPDO030 critical point dryer.
Samples were then attached to aluminum stubs and coated with gold using Bal-Tec SCD 050
Sample Sputter Coater. Images were acquired with a Jeol JSM-6060 scanning electron

microscope.
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2.10.2. GFP labeled SK-MEL-103

GFP labeled melanoma cell line, SK-MEL-103 (a kind gift from Dr. Silvya Stuchi
Maria-Engler, USP), was cultured on chitosan, gelatin and liposome films (2 cm x 2 cm) at a
concentration of 2 x 10° cell/well (6 well Nest Biotech cell culture plate) for 24 h and visualized

with Invitrogen™ EVOS™ FL Cell Imaging System.

2.11. Viability assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was performed
with different films extracts (chitosan film; chitosan and gelatin film; chitosan, gelatin and
liposome film) of 24 h and 72 h as recommended by the International Organization for
Standardization 10993-5 and 10993-12 for Biological Evaluation of Medical Devices.
Adipose-derived mesenchymal stromal cells and human immortalized keratinocytes cell line
(HaCaT) were seeded in 96 well cell culture plates at a density of 3 x 102 cells/well and 10 x
103, respectively. After 24 h of incubation, they were treated with film extracts for 24 h. MTT
incubation was carried out for 3 h, then dimethyl sulfoxide (DMSO) was added to dissolve
formazan crystals. SpectraMax Microplate Reader (Molecular Devices Corporation, USA) at 450
nm was used for measuring optical density. Results are presented in percentages and analyzed

by two-way ANOVA.

3. Results and discussion

Chitosan-based hydrogels have been used as occlusive dressings for wound healing
because of their ability to contract the wound [1]. In this paper, a chitosan film associated with
gelatin and liposomes was developed for wound healing. There are specific requirements that

need to be met so that the material can be subjected to testing with cells. For example, films
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with a different pH level to the physiological one, fast disintegration and/or a lack of sterility, are
difficult to evaluate in vitro cellular biology parameters. For this reason, in order to generate an
adequate material for in vitro analysis, it was determined: i) chitosan and gelatin ratio; ii) films
acidification; iii) preservative concentration; iv) hydrogel drying process to obtain the films; v)
films dimensions for extracts and vi) flms contamination prevention. These adjustments are
carefully described in the supplementary material, briefly: gelatin reduction to 15% (v/v) of the
final formulation; chitosan establishment at 2.6% (m/v); selection of acetic acid (0.7%) and
methylparaben (0.05%); mild drying (desiccator > oven 60°C > desiccator); neutralization with
NaOH (1 M) and purified water; settlement of film thickness at 0.5 mm and adoption of UV-C

exposition for 1 h. After the adjustments and development of the film, its physicochemical

characteristics and biocompatible properties were evaluated.

Figure 1. (A) Initial aspect of chitosan and gelatin hydrogel with liposome. (B) Final aspect of chitosan
and gelatin film with liposome. (C) Film after 2 weeks immersion in the cell culture medium (DMEM high

glucose 10% FBS).

3.1. Chitosan, gelatin and liposome film characterization

The CH-GEL-LP film with its initial and then final aspect, as well as the appearance after

two weeks in the cell culture medium (DMEM high glucose 10% FBS) are shown in Figure 1.
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OM and SEM analysis presented a homogeneous surface with birefringence from the lipids, a
characteristic of liposomes, and it also showed that the structure was not altered by the cell
culture medium (Figure 2). The films were transparent but became more opaque with the
addition of liposomes. Disintegration was not observed when films were immersed in DMEM

and a medium neutral pH was maintained.

18 M

18kU #1, BE 1 & rern

Figure 2. Optical microscopy images showing the surface of CH-GEL-LP films before (A) and after (B)
immersion in the cell culture medium for 10 days (20%). Scanning electron microscopy images of lateral
sections of CH-GEL-LP films before (C) and after (D) immersion in cell culture medium for 10 days.

(1000x%). The bar corresponds to 10 um.
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Liposome characterization by dynamic light scattering and electrophoretic mobility
(Zetasizer Nano ZS, Malvern) was performed and showed a mean size of 320+16 nm. The
polydispersity index was 0.408+14 and zeta potential was -14.4+3 mV. Thermal analysis of
CH-GEL-LP film showed a broad transition (Figure 3. A), probably related to the dehydration
that occurs around 80 °C. By analyzing the raw materials thermograms, it was noted that pure
chitosan and pure gelatin exhibited water desorption between 80 °C and 100 °C [24]. The main
peak observed on pure CH, pure GEL and CH-GEL-LP film thermograms were similar, which is
characteristic of an amorphous material. Transitions between 70 and 90 °C are generally
associated with chitosan-related phenomena, and between 160 and 200 °C, the transitions are
related to gelatin [25,26]. This profile predominantly represents the characteristics of chitosan.
The presence of gelatin was weakly observed, but it is important to note that it is in the solid
state as there is evidence of different thermal events when comparing gelatin in the solid and
hydrated states [27]. Moreover, other[25,26][28]. The transitions seen on the thermogram of the
phospholipids physical mixture (9:1, PC:PA) were well defined. DPPC may present peaks at 50,
70 or 180 °C and a band at 100 °C, as well as a peak > 200 °C related to melting and
decomposition [29,30]. In turn, DPPA may present T, at 58 °C and at 67 °C while liposomes
present transitions between 0 °C < T, <100 °C [31]. No transition related to the phospholipids
or liposomes was observed on the CH-GEL-LP film. This finding indicates that the film is
structured as a blend, meaning that all of the components are mixed, leading to a combination
of all individual transitions. However, a miscible blend can only be confirmed by applying
additional X-ray or neutron diffraction/scattering analysis, not performed here [32]. The
organizational structure of the film was observed by OM and SEM analysis which showed a

smooth and regular surface (Figure 2).
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Figure 3. (A) Thermograms from the thermal analysis by Differential Scanning Calorimetry (DSC). (B)
Percentage of swelling in DMEM at 37 °C and percentage of weight loss of CH-GEL-LP films (5 °C/min

heating rate), n = 3.

To estimate the swelling of the CH-GEL-LP film, samples were submitted to similar
conditions to those sustained during the assays on cells. The film showed high hydration (over
130%) in the first 2 h (Figure 3. B). However, after 24 h it was noted that the swelling process
had stabilized and that there had been some weight loss (6-7%). The film is mainly composed of
neutralized chitosan, its insoluble form, but the gelatin is soluble, and some parts of this
polypeptide chain can be released from the matrix. This process could lead to water diffusion,
swelling and a subsequent detachment of components entangled inside the film (gelatin, as well
as liposomes). Despite the changes observed in the weight of the samples during the exposure
to the cell culture medium, the topography of the surface and the lateral fractures of the films
are similar, whether before the incubation time or after (Figure 2). To increase the degradation
by weight loss, the augmentation of gelatin proportion in the film is a possibility, especially when

the delivery of components entrapped inside the film is desired. However, when the gelatin
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proportion is increased (results not shown), the degradation of the film makes it impossible to
perform assays that require cell interaction with the material. Another approach to modulate the

swelling and weight loss is to add a plasticizer, i.e. glycerol, maltitol, xylitol or sorbitol [14,33,34].

3.2. ADSC characterization

Cells isolated from human adipose tissue were adherent and presented elongated
fusiform morphology as expected. Figure 4 indicates their capacity to differentiate, confirmed by
the presence of adipocytes, osteoblasts and chondrocytes features after treatment with
differentiation medium. Immunophenotyping of ADSCs showed expressions of CD44+, CD105+,
CD90+ and CD73+. The hematopoietic markers CD14, CD34 and CD45 were not expressed

(Figure 4.D). These results confirmed the acceptable parameters for ADSCs phenotype identity

[35].

Figure 4. ADSCs characterization. Differentiated ADSCs showing (A) calcium phosphate deposits

characteristic of osteogenic differentiation stained by Alizarin Red (100x), (B) lipid vacuoles stained by Oil
Red indicating adipocytes (200x) and (C) Alcian Blue staining for proteoglycans visualization proper to

chondrogenic differentiation (200%). (D) Histograms of Immunophenotyping analysis of ADSCs surface
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markers expression by flow cytometry (CD14-, CD34-, CD45-, CD44+, CD105+, CD90+ and CD73+).

3.3. Film’s biocompatibility

Figure 5. Fluorescent microscopy images (20%) of GFP labeled SK-MEL-103 cultured on CH-GEL-LP

film. (A) Cell control on standard cell culture plastic plate; (B) Cell culture on CH-GEL-LP film; (C)

CH-GEL-LP film control without cells showing its own inherent fluorescence.

The absence of toxicity in CH-GEL-LP films was verified through biocompatibility and
morphology analysis. Adipose-derived mesenchymal stromal cells and melanoma cells (GFP
labeled SK-MEL-103) showed adherence to CH-GEL-LP films (Figures 5 and 6). Cell counting
by image analysis of melanoma cells showed no difference between the number of cells
cultured above the film and control with cells in the culture plate. The SEM images showed that
the ADSCs expressed cell extensions like filopodia and lamellipodia protrusion when in contact

with the material (Figure 6).
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Figure 6. SEM images of ADSC cultured on CH-GEL-LP film (A and B). Cytoplasmic extensions like

filopodia (above) and lamellipodia protrusion (below) are indicated by arrows (B). (A) 200x; (B) 1000x.

In addition, there was no statistically significant loss of cell viability when ADSCs and
HaCaTs were in contact with the extracts of chitosan, gelatin and liposome films (Figure 7).
Interestingly, the MTT assay also showed that, for the immortalized keratinocyte cells (HaCaT),
the addition of gelatin to the chitosan film increased cell viability when compared with the

CH-GEL-LP film extracts and control (Figure 7).
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Figure 7. Viability assay (MTT) graph showing cell viability (%) of ADSCs and HaCaT seeded with
CH-GEL-LP films extracts made with cell culture medium for 24 and 72 h compared with the control cells
(seeded with standard culture medium) and extracts of films from the isolated components. Two-way

ANOVA was performed for statistical analysis.

After analyzing the results, the cell interaction with this new material became apparent.
Although there are several studies that propose using films composed by chitosan and gelatin
for wound healing, there is no previous work proposing this association with liposomes [36—39].
The inclusion of liposomes proposed in this study turned the film into a system that is capable of
serving as a platform for the incorporation of numerous bioactive substances within the
liposomes, including labile molecules that require encapsulation, such as protein and

peptide-based drugs, among others, for use as a biomaterial and as a drug delivery system.

Advanced treatment strategies, including the addition of liposomes for transdermal drug
delivery, aim to improve the quality of wound healing due to its superior penetration into the skin
[40]. It is also known that the inclusion in polymeric matrices, such as the one presented in this

study, improves the stability of liposomes [41]. Although there are no studies of a chitosan and
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gelatin film associated with liposomes, the work of Ciobanu et al. (2014) presented liposomes
entrapped in a chitosan/gelatin hydrogel, creating a complex system capable of prolonged drug
release [41]. Similar works have demonstrated that chitosan gels containing epidermal growth
factor (EGF), both encapsulated in liposomes and free in the formulation, accelerate the
epithelialization of second-degree burns in rats faster than the application of liposomes with
EGF alone [8,42,43]. These findings indicate that chitosan could play an effective role in skin
injuries when combined with liposomes, creating a synergistic effect with the drug of interest to

enhance the repair of dermal lesions.

Recently, a bilayer collagen sponge/chitosan matrix was produced by electrospinning
and is a promising solution for chronic wound management. However electrospinning
parameters need further improvements for the chitosan layer [44]. It is important to highlight that
the method of film production presented here mitigates complications from electrospinning and

the need for expensive fabrication techniques.

In a similar fashion, a biocomposite film of chitosan, gelatin and allantoin was produced
with a solution casting technique and exhibited good antioxidant and anti-inflammatory
properties. These features indicate the potential of the chitosan, gelatin and liposome films for
wound healing. [45]. Moreover, hydrogel sheets composed of chitosan and gelatin loaded with
Manuka honey extract were proposed as dressings for chronically infected wounds, having a
related formulation to ours, and showed evidence of wound healing acceleration with promotion

of exudate absorption [46].

The proposed film of chitosan, gelatin and liposome was designed with a focus on
manufacturing feasibility, low cost, and the ability to load liposomes with drugs of interest. In

comparison with the aforementioned hydrogels, the CH-GEL-LP films presented have the
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advantage of not requiring daily applications to the injured area which is necessary when
administering hydrogels. The film’s properties allowed different cells to grow and its extracts did
not alter cell viability. The demonstration of cell support capacity is also important when
considering the possibility of cell-based therapies, due to the potential to deliver cells for
therapeutic purposes. Thus, the chitosan, gelatin and liposome film can be applied prospectively
to chronic and infected wounds other than burn injuries, becoming more suitable for specific
applications specific to liposome-loading. In addition, depending on the desired purpose,

adaptations can be performed using the supplementary material described in detail.

Conclusion

The adjustments performed during the development of the formulation of chitosan,
gelatin and liposome films allowed swelling and degradation levels to be controlled making the
films suitable for cell culture assays. The films demonstrated physicochemical characteristics of
a homogeneous and resistant material before and after in vitro analysis. Biocompatibility
analysis through cell viability assessment and cell adhesion to the material showed that there
was no significant change in cell morphology. In addition, the films have the advantage of
manufacturing feasibility, low cost and the potential to load liposomes with drugs of interest.
Altogether, these results suggest that the material has a potential application for drug delivery
and promotion of skin tissue repair and is therefore worthwhile for further investigations using

preclinical models to cover dermal lesions.
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Appendix A. Supplementary data: Chitosan, gelatin and liposome film

development

Several adjustments were necessary to adapt the proposed film to in vitro analyses, as

follows:

Chitosan and gelatin ratio

The initial film composition was a mixture (1:1, v/v) of the polymers dispersions,
chitosan (3.25% m/v) and gelatin (2% m/v), in addition with the liposome suspension (0.3% m/v)
in a concentration of 25% liposomes, 37.5% gelatin and 37.5% chitosan (v/v). After the drying
process, this film formulation had no stability when immersed in the cell culture medium,
disintegrating after 48 h. The physical stability is important because the film's requirements were
(1°) to support the cells for microscopic analysis and (2°) to be immersed in an aqueous
medium during a long period to obtain extracts. In order to establish these parameters, the
concentrations were changed until the optimal concentrations (v/v) of 15% gelatin (2% m/v),
60% chitosan (2.6% m/v) and 25% liposomes (0.3% m/v) were reached. The optimal conditions
were established when the film remained whole and stable under cell culture medium

submersion for at least 2 weeks.

Films acidification

Another issue addressed was the film’s acidity. Citric acid was chosen based on a
previous work by Libio et al. (2016) [14]. Acid concentration in the initial formulation consisted of
4.7% citric acid in chitosan dispersion. This high concentration was first employed because citric
acid is a weak acid, which could be suitable for the intended application. High citric acid

concentration led the cell culture medium to acidify almost immediately after film immersion
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which was not feasible, as it is well known that pH ~ 7 is crucial for cell culture. In addition to the
cell culture medium acidification, another problem with citric acid was due to the remaining
microscopic crystals in the films which hindered film neutralization. Citric acid was substituted
for acetic acid with the aim of mitigating the crystal formations. To address the medium
acidification, a decreasing acetic acid concentration was used starting from 4.7% to 0.7%, to
ensure the minimum amount required for the chitosan’s complete hydration, which was reached

at 0.7% acetic acid.

Preservative concentration

Beyond the preservative function, the concentration of parabens was important for
aspects of the film, such as color and transparency, because of its antioxidant activity.
Unfortunately, it is known that the chosen preservative, methylparaben, induces cell toxicity. To
decrease its effects on the cells, decreasing concentrations of methylparaben were tested
starting from 0.16% until 0.05%. The film’s coloring and transparency was maintained at 0.05%,

without negatively affecting cell viability and morphology.

Hydrogel drying process to obtain the films

The drying process was also adjusted as the films turned dark yellow and retracted when
kept in the drying oven for too long (60°C). Different time intervals in the oven were tested until
the optimal period was determined (16 h, maximum). Then the films were desiccated for 24 h
then neutralized with NaOH 1 M and ultrapure water, with a further 24 h in the desiccator after

neutralization.
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Films dimensions for extracts

It was necessary to produce films with adequate dimensions to obtain extracts at 24 and
72 h from the cell culture medium. The extracts were used to treat the cells for MTT assay, in
accordance with the International Organization for Standardization 10993-5 and 10993-12 for
Biological Evaluation of Medical Devices. To accomplish this, the hydrogel was placed in plastic
petri plates for bacterial culture (18 cm?) to avoid adherence to the plate's surface. Hydrogel
thickness was adjusted with 10 mL of chitosan dispersion with gelatin and liposome after
observing the formation of a thin film after drying (< 0.5 mm). Following the established
extraction ratio (10%) of 6 cm?mL, as recommended by ISO 10993-12, 3 mL of DMEM low and
high glucose were added, separately, over the film pieces. The extracts were used to treat the

cells in the viability assay.

Films contamination prevention

In order to reduce the contamination of the extracts, a protocol of UV-C radiation
exposure was tested. Different samples of the dried and neutralized films were exposed to
UV-C radiation (254 nm) for 0.25, 0.5 and 1 h inside a Thermo Scientific™ 1300 Series A2
Biological Safety Cabinet. There was no contamination of the cell culture medium when in
contact with the film pieces submitted to 1 h UV exposure after 2 weeks of film immersion, thus

this step was included in the film’s production protocol.

The mentioned adjustments permitted the film to accomplish the in vitro analyses
proposed. These adaptations can serve as a guide for new tests, enabling the modification of

the film as required.

37



References

[11 R. Jayakumar, M. Prabaharan, P.T. Sudheesh Kumar, S.V. Nair, H. Tamura, Biomaterials
based on chitin and chitosan in wound dressing applications, Biotechnol. Adv. 29 (2011)
322-337. https://doi.org/10.1016/j.biotechadv.2011.01.005.

[2] M. Rinaudo, Chitin and chitosan: Properties and applications, Prog. Polym. Sci. 31 (2006)
603-632. https://doi.org/10.1016/j.progpolymsci.2006.06.001.

[3] M.N.V. Ravi Kumar, A review of chitin and chitosan applications, React. Funct. Polym. 46
(2000) 1-27. https://doi.org/10.1016/S1381-5148(00)00038-9.

[4] R.C.F. Cheung, T.B. Ng, J.H. Wong, W.Y. Chan, Chitosan: An Update on Potential
Biomedical and Pharmaceutical Applications, Mar. Drugs. 13 (2015) 5156-5186.
https://doi.org/10.3390/md13085156.

[5] M.LZ. Lionzo, G.C. Lorenzini, J. Tomedi, P. Pranke, N.P. Silveira, Effects of the composite
nanovesicles on the physical properties and cellular adhesion of chitosan films, J. Biomed.
Nanotechnol. 8 (2012) 337-344. https://doi.org/10.1166/jbn.2012.1387.

[6] T.-L. Yang, Chitin-based materials in tissue engineering: applications in soft tissue and
epithelial organ, Int. J. Mol. Sci. 12 (2011) 1936-1963.
https://doi.org/10.3390/ijms12031936.

[71 H. Hamedi, S. Moradi, S.M. Hudson, A.E. Tonelli, Chitosan based hydrogels and their
applications for drug delivery in wound dressings: A review, Carbohydr. Polym. 199 (2018)
445-460. https://doi.org/10.1016/j.carbpol.2018.06.114.

[8] Z. Degim, N. Celebi, C. Alemdaroglu, M. Deveci, S. Oztiirk, C. Ozogul, Evaluation of
chitosan gel containing liposome-loaded epidermal growth factor on burn wound healing,
Int. Wound J. 8 (2011) 343-354. https://doi.org/10.1111/j.1742-481X.2011.00795.x.

[9] N. Bavarsad, M. Kouchak, P. Mohamadipour, B. Sadeghi-Nejad, Preparation and
physicochemical characterization of topical chitosan-based film  containing
griseofulvin-loaded liposomes, J. Adv. Pharm. Technol. Res. 7 (2016) 91-98.
https://doi.org/10.4103/2231-4040.184591.

[10] R.S.M. Machado, M. Tomas, A. Palmeira-de-Oliveira, J. Martinez-de-Oliveira, R.
Palmeira-de-Oliveira, “The vaginal sheet: an innovative form of vaginal film for the
treatment of vaginal infections,” Drug Dev. Ind. Pharm. (2020) 1-40.
https://doi.org/10.1080/03639045.2019.1711386.

[11] L.A. Frank, P.S. Chaves, C.M. D’Amore, R.V. Contri, A.G. Frank, R.C.R. Beck, A.R.
Pohimann, A. Buffon, S.S. Guterres, The use of chitosan as cationic coating or gel vehicle
for polymeric nanocapsules: Increasing penetration and adhesion of imiquimod in vaginal
tissue, Eur. J. Pharm. Biopharm. 114 (2017) 202-212.
https://doi.org/10.1016/j.ejpb.2017.01.021.

[12] M.M.A. Elsayed, O.Y. Abdallah, V.F. Naggar, N.M. Khalafallah, Deformable liposomes and
ethosomes: mechanism of enhanced skin delivery, Int. J. Pharm. 322 (2006) 60—66.
https://doi.org/10.1016/j.ijpharm.2006.05.027.

[13] G. Ren, C. Clancy, T.M. Tamer, B. Schaller, G.M. Walker, M.N. Collins, Cinnamyl O-amine
functionalized chitosan as a new excipient in direct compressed tablets with improved drug
delivery, Int. J. Biol. Macromol. 141 (2019) 936-946.
https://doi.org/10.1016/j.ijbiomac.2019.08.265.

[14] 1.C. Libio, R. Demori, M.F. Ferrao, M.I.Z. Lionzo, N.P. da Silveira, Films based on
neutralized chitosan citrate as innovative composition for cosmetic application, Mater. Sci.
Eng. C Mater. Biol. Appl. 67 (2016) 115-124. https://doi.org/10.1016/j.msec.2016.05.009.

38


http://paperpile.com/b/TPywIs/gGvH5
http://paperpile.com/b/TPywIs/gGvH5
http://paperpile.com/b/TPywIs/gGvH5
http://dx.doi.org/10.1016/j.biotechadv.2011.01.005.
http://paperpile.com/b/TPywIs/MCUqQ
http://paperpile.com/b/TPywIs/MCUqQ
http://dx.doi.org/10.1016/j.progpolymsci.2006.06.001.
http://paperpile.com/b/TPywIs/i6c4R
http://paperpile.com/b/TPywIs/i6c4R
http://dx.doi.org/10.1016/S1381-5148(00)00038-9.
http://paperpile.com/b/TPywIs/NkiXb
http://paperpile.com/b/TPywIs/NkiXb
http://paperpile.com/b/TPywIs/NkiXb
http://dx.doi.org/10.3390/md13085156.
http://paperpile.com/b/TPywIs/Cn92k
http://paperpile.com/b/TPywIs/Cn92k
http://paperpile.com/b/TPywIs/Cn92k
http://dx.doi.org/10.1166/jbn.2012.1387.
http://paperpile.com/b/TPywIs/QT4DW
http://paperpile.com/b/TPywIs/QT4DW
http://paperpile.com/b/TPywIs/QT4DW
http://dx.doi.org/10.3390/ijms12031936.
http://paperpile.com/b/TPywIs/cWgX4
http://paperpile.com/b/TPywIs/cWgX4
http://paperpile.com/b/TPywIs/cWgX4
http://dx.doi.org/10.1016/j.carbpol.2018.06.114.
http://paperpile.com/b/TPywIs/U5zG0
http://paperpile.com/b/TPywIs/U5zG0
http://paperpile.com/b/TPywIs/U5zG0
http://dx.doi.org/10.1111/j.1742-481X.2011.00795.x.
http://paperpile.com/b/TPywIs/gZf51
http://paperpile.com/b/TPywIs/gZf51
http://paperpile.com/b/TPywIs/gZf51
http://paperpile.com/b/TPywIs/gZf51
http://dx.doi.org/10.4103/2231-4040.184591.
http://paperpile.com/b/TPywIs/b8tR9
http://paperpile.com/b/TPywIs/b8tR9
http://paperpile.com/b/TPywIs/b8tR9
http://paperpile.com/b/TPywIs/b8tR9
http://dx.doi.org/10.1080/03639045.2019.1711386.
http://paperpile.com/b/TPywIs/GOnnb
http://paperpile.com/b/TPywIs/GOnnb
http://paperpile.com/b/TPywIs/GOnnb
http://paperpile.com/b/TPywIs/GOnnb
http://paperpile.com/b/TPywIs/GOnnb
http://dx.doi.org/10.1016/j.ejpb.2017.01.021.
http://paperpile.com/b/TPywIs/kKIPQ
http://paperpile.com/b/TPywIs/kKIPQ
http://paperpile.com/b/TPywIs/kKIPQ
http://dx.doi.org/10.1016/j.ijpharm.2006.05.027.
http://paperpile.com/b/TPywIs/I3e1M
http://paperpile.com/b/TPywIs/I3e1M
http://paperpile.com/b/TPywIs/I3e1M
http://paperpile.com/b/TPywIs/I3e1M
http://dx.doi.org/10.1016/j.ijbiomac.2019.08.265.
http://paperpile.com/b/TPywIs/O6M93
http://paperpile.com/b/TPywIs/O6M93
http://paperpile.com/b/TPywIs/O6M93
http://dx.doi.org/10.1016/j.msec.2016.05.009.

[15] C. Qiao, X. Ma, J. Zhang, J. Yao, Molecular interactions in gelatin/chitosan composite films,
Food Chem. 235 (2017) 45-50. https://doi.org/10.1016/j.foodchem.2017.05.045.

[16] R.A. Perez, H.-W. Kim, M.-P. Ginebra, Polymeric additives to enhance the functional
properties of calcium phosphate cements, J. Tissue Eng. 3 (2012) 2041731412439555.
https://doi.org/10.1177/2041731412439555.

[17] G. Suarato, R. Bertorelli, A. Athanassiou, Borrowing From Nature: Biopolymers and
Biocomposites as Smart Wound Care Materials, Front Bioeng Biotechnol. 6 (2018) 137.
https://doi.org/10.3389/fbioe.2018.00137.

[18] S. Rivero, M.A. Garcia, A. Pinotti, Composite and bi-layer films based on gelatin and
chitosan, J. Food Eng. 90 (2009) 531-539. https://doi.org/10.1016/j.jfoodeng.2008.07.021.

[19] O. Mertins, M.B. Cardoso, A.R. Pohimann, N.P. da Silveira, Structural Evaluation of
Phospholipidic  Nanovesicles Containing Small Amounts of Chitosan, (2006).
https://doi.org/10.1166/jnn.2006.521.

[20] L.I.S. Naasani, A.F.D. Souza, C. Rodrigues, S. Vedovatto, J.G. Azevedo, A.P.S. Bertoni, M.
Da Cruz Fernandes, S. Buchner, M.R. Wink, Decellularized human amniotic membrane
associated with adipose derived mesenchymal stromal cells as a bioscaffold: Physical,
histological and molecular analysis, Biochemical Engineering Journal. 152 (2019) 107366.
https://doi.org/10.1016/j.bej.2019.107366.

[21] C. Rodrigues, L.I.S. Naasani, C. Zanatelli, T.C. Paim, J.G. Azevedo, J.C. de Lima, M. da
Cruz Fernandes, S. Buchner, M.R. Wink, Bioglass 45S5: Structural characterization of short
range order and analysis of biocompatibility with adipose-derived mesenchymal stromal
cells in vitro and in vivo, Mater. Sci. Eng. C Mater. Biol. Appl. 103 (2019) 109781.
https://doi.org/10.1016/j.msec.2019.109781.

[22] L.I.S. Naasani, C. Rodrigues, R.P. de Campos, L.R. Beckenkamp, I.C. Iser, A.P.S. Bertoni,
M.R. Wink, Extracellular Nucleotide Hydrolysis in Dermal and Limbal Mesenchymal Stem
Cells: A Source of Adenosine Production, J. Cell. Biochem. 118 (2017) 2430-2442.
https://doi.org/10.1002/jcb.25909.

[23] L.R. Beckenkamp, L.E.B. Souza, F.U.F. Melo, C.H. Thomé, D.A.R. Magalhaes, P.V.B.
Palma, D.T. Covas, Comparative characterization of CD271 + and CD271 - subpopulations
of CD34 + human adipose-derived stromal cells, J. Cell. Biochem. 119 (2018) 3873-3884.
https://doi.org/10.1002/jcb.26496.

[24] H. Kaczmarek, B. Krélikowski, E. Klimiec, J. Kowalonek, New piezoelectric composites
based on isotactic polypropylene filled with silicate, J. Mater. Sci.: Mater. Electron. 28
(2017) 6435-6447. https://doi.org/10.1007/s10854-016-6329-9.

[25] M. Mucha, A. Pawlak, Thermal analysis of chitosan and its blends, Thermochim. Acta. 427
(2005) 69-76. https://doi.org/10.1016/j.tca.2004.08.014.

[26] J. Bonilla, A.M.Q.B. Bittante, P.J.A. Sobral, Thermal analysis of gelatin—chitosan edible film
mixed with plant ethanolic extracts, J. Therm. Anal. Calorim. 130 (2017) 1221-1227.
https://doi.org/10.1007/s10973-017-6472-4.

[27] D.l. Zeugolis, M. Raghunath, The physiological relevance of wet versus dry differential
scanning calorimetry for biomaterial evaluation: a technical note, Polym. Int. 59 (2010)
1403-1407. https://doi.org/10.1002/pi.2882.

[28] Q. Zhang, L. Liu, L. Ren, F. Wang, Preparation and characterization of collagen-chitosan
composites, Journal of Applied Polymer Science. 64 (1997) 2127-2130.
https://doi.org/3.0.c0;2-1.">10.1002/(sici)1097-4628(19970613)64:11<2127::aid-app8>3.0.c
0;2-l.

[29] D. Chapman, R.M. Wiliams, B.D. Ladbrooke, Physical studies of phospholipids. VI.
Thermotropic and lyotropic mesomorphism of some 1,2-diacyl-phosphatidylcholines

39


http://paperpile.com/b/TPywIs/0ytT5
http://paperpile.com/b/TPywIs/0ytT5
http://dx.doi.org/10.1016/j.foodchem.2017.05.045.
http://paperpile.com/b/TPywIs/8l0Om
http://paperpile.com/b/TPywIs/8l0Om
http://paperpile.com/b/TPywIs/8l0Om
http://dx.doi.org/10.1177/2041731412439555.
http://paperpile.com/b/TPywIs/4L6E4
http://paperpile.com/b/TPywIs/4L6E4
http://paperpile.com/b/TPywIs/4L6E4
http://dx.doi.org/10.3389/fbioe.2018.00137.
http://paperpile.com/b/TPywIs/4wBaV
http://paperpile.com/b/TPywIs/4wBaV
http://dx.doi.org/10.1016/j.jfoodeng.2008.07.021.
http://paperpile.com/b/TPywIs/AjHHh
http://paperpile.com/b/TPywIs/AjHHh
http://paperpile.com/b/TPywIs/AjHHh
http://dx.doi.org/10.1166/jnn.2006.521.
http://paperpile.com/b/TPywIs/Q3hGv
http://paperpile.com/b/TPywIs/Q3hGv
http://paperpile.com/b/TPywIs/Q3hGv
http://paperpile.com/b/TPywIs/Q3hGv
http://paperpile.com/b/TPywIs/Q3hGv
http://dx.doi.org/10.1016/j.bej.2019.107366.
http://paperpile.com/b/TPywIs/0Hrr3
http://paperpile.com/b/TPywIs/0Hrr3
http://paperpile.com/b/TPywIs/0Hrr3
http://paperpile.com/b/TPywIs/0Hrr3
http://paperpile.com/b/TPywIs/0Hrr3
http://dx.doi.org/10.1016/j.msec.2019.109781.
http://paperpile.com/b/TPywIs/YArZ
http://paperpile.com/b/TPywIs/YArZ
http://paperpile.com/b/TPywIs/YArZ
http://paperpile.com/b/TPywIs/YArZ
http://dx.doi.org/10.1002/jcb.25909.
http://paperpile.com/b/TPywIs/haqoF
http://paperpile.com/b/TPywIs/haqoF
http://paperpile.com/b/TPywIs/haqoF
http://paperpile.com/b/TPywIs/haqoF
http://dx.doi.org/10.1002/jcb.26496.
http://paperpile.com/b/TPywIs/7aEjY
http://paperpile.com/b/TPywIs/7aEjY
http://paperpile.com/b/TPywIs/7aEjY
http://dx.doi.org/10.1007/s10854-016-6329-9.
http://paperpile.com/b/TPywIs/pMugN
http://paperpile.com/b/TPywIs/pMugN
http://dx.doi.org/10.1016/j.tca.2004.08.014.
http://paperpile.com/b/TPywIs/jAgQh
http://paperpile.com/b/TPywIs/jAgQh
http://paperpile.com/b/TPywIs/jAgQh
http://dx.doi.org/10.1007/s10973-017-6472-4.
http://paperpile.com/b/TPywIs/uxsjv
http://paperpile.com/b/TPywIs/uxsjv
http://paperpile.com/b/TPywIs/uxsjv
http://dx.doi.org/10.1002/pi.2882.
http://paperpile.com/b/TPywIs/sYXzm
http://paperpile.com/b/TPywIs/sYXzm
http://paperpile.com/b/TPywIs/sYXzm
http://paperpile.com/b/TPywIs/sYXzm
http://paperpile.com/b/TPywIs/FmGOb
http://paperpile.com/b/TPywIs/FmGOb

(lecithins), Chemistry and Physics of Lipids. 1 (1967) 445-475.
https://doi.org/10.1016/0009-3084(67)90023-0.

[30] S. Meruva, A.B. Singaraju, B.K. Gowdampally, B.P. Vinjamuri, W.C. Stagner,
Dipalmitoylphosphatidylcholine (DPPC): Annealing Strategy to Mitigate Variability in
Thermotropic and Moisture Sorption Behavior, J. Pharm. Sci. 107 (2018) 2635-2642.
https://doi.org/10.1016/j.xphs.2018.06.006.

[31] R.L. Biltonen, D. Lichtenberg, The use of differential scanning calorimetry as a tool to
characterize liposome preparations, Chemistry and Physics of Lipids. 64 (1993) 129-142.
https://doi.org/10.1016/0009-3084(93)90062-8.

[32] Definition of Terms Related to Polymer Blends, Composites, and Multiphase Polymeric
Materials (IUPAC Recommendations 2004), Chemistry International -- Newsmagazine for
IUPAC. 27 (2005). https://doi.org/10.1515/ci.2005.27.2.24a.

[33] H. Liu, R. Adhikari, Q. Guo, B. Adhikari, Preparation and characterization of glycerol
plasticized (high-amylose) starch—chitosan films, J. Food Eng. 116 (2013) 588-597.
https://doi.org/10.1016/j.jffoodeng.2012.12.037.

[34] X. Ma, C. Qiao, X. Wang, J. Yao, J. Xu, Structural characterization and properties of polyols
plasticized chitosan films, Int. J. Biol. Macromol. 135 (2019) 240-245.
https://doi.org/10.1016/j.ijbiomac.2019.05.158.

[35] L. da S. Meirelles, L. da Silva Meirelles, Methodology, biology and clinical applications of
mesenchymal stem cells, Frontiers in Bioscience. Volume (2009) 4281.
https://doi.org/10.2741/3528.

[36] S. Patel, S. Srivastava, M.R. Singh, D. Singh, Preparation and optimization of
chitosan-gelatin films for sustained delivery of lupeol for wound healing, Int. J. Biol.
Macromol. 107 (2018) 1888—1897. https://doi.org/10.1016/j.ijbiomac.2017.10.056.

[37] T.B. Cahu, R.A. Silva, R.P.F. Silva, M.M. Silva, I.R.S. Arruda, J.F. Silva, R.M.P.B. Costa,
S.D. Santos, H.B. Nader, R.S. Bezerra, Evaluation of Chitosan-Based Films Containing
Gelatin, Chondroitin 4-Sulfate and ZnO for Wound Healing, Appl. Biochem. Biotechnol. 183
(2017) 765—777. https://doi.org/10.1007/s12010-017-2462-z.

[38] I. Garcia-Orue, E. Santos-Vizcaino, A. Etxabide, J. Uranga, A. Bayat, P. Guerrero, M.
Igartua, K. de la Caba, R.M. Hernandez, Development of Bioinspired Gelatin and
Gelatin/Chitosan Bilayer Hydrofilms for Wound Healing, Pharmaceutics. 11 (2019).
https://doi.org/10.3390/pharmaceutics11070314.

[39] P. Taheri, R. Jahanmardi, M. Koosha, S. Abdi, Physical, mechanical and wound healing
properties of chitosan/gelatin blend films containing tannic acid and/or bacterial
nanocellulose, Int. J. Biol. Macromol. 154 (2020) 421-432.
https://doi.org/10.1016/j.ijbiomac.2020.03.114.

[40] H.S. Kim, X. Sun, J.-H. Lee, H.-W. Kim, X. Fu, KW. Leong, Advanced drug delivery
systems and artificial skin grafts for skin wound healing, Advanced Drug Delivery Reviews.
146 (2019) 209-239. https://doi.org/10.1016/j.addr.2018.12.014.

[41] B.C. Ciobanu, A.N. Cadinoiu, M. Popa, J. Desbriéres, C.A. Peptu, Modulated release from
liposomes entrapped in chitosan/gelatin hydrogels, Mater. Sci. Eng. C Mater. Biol. Appl. 43
(2014) 383—391. https://doi.org/10.1016/j.msec.2014.07.036.

[42] C. Alemdaroglu, Z. Degim, N. Celebi, M. Sengezer, M. Aldmeroglu, A. Nacar, Investigation
of epidermal growth factor containing liposome formulation effects on burn wound healing,
J. Biomed. Mater. Res. A. 85 (2008) 271-283. https://doi.org/10.1002/jbm.a.31588.

[43] C. Alemdaroglu, Z. Degim, N. Celebi, F. Zor, S. Ozturk, D. Erdogan, An investigation on
burn wound healing in rats with chitosan gel formulation containing epidermal growth factor,
Burns. 32 (2006) 319-327. https://doi.org/10.1016/j.burns.2005.10.015.

40


http://paperpile.com/b/TPywIs/FmGOb
http://paperpile.com/b/TPywIs/FmGOb
http://dx.doi.org/10.1016/0009-3084(67)90023-0.
http://paperpile.com/b/TPywIs/R8Pb7
http://paperpile.com/b/TPywIs/R8Pb7
http://paperpile.com/b/TPywIs/R8Pb7
http://paperpile.com/b/TPywIs/R8Pb7
http://dx.doi.org/10.1016/j.xphs.2018.06.006.
http://paperpile.com/b/TPywIs/rtcxg
http://paperpile.com/b/TPywIs/rtcxg
http://paperpile.com/b/TPywIs/rtcxg
http://dx.doi.org/10.1016/0009-3084(93)90062-8.
http://paperpile.com/b/TPywIs/4pFZQ
http://paperpile.com/b/TPywIs/4pFZQ
http://paperpile.com/b/TPywIs/4pFZQ
http://dx.doi.org/10.1515/ci.2005.27.2.24a.
http://paperpile.com/b/TPywIs/s32Es
http://paperpile.com/b/TPywIs/s32Es
http://paperpile.com/b/TPywIs/s32Es
http://dx.doi.org/10.1016/j.jfoodeng.2012.12.037.
http://paperpile.com/b/TPywIs/0x4XR
http://paperpile.com/b/TPywIs/0x4XR
http://paperpile.com/b/TPywIs/0x4XR
http://dx.doi.org/10.1016/j.ijbiomac.2019.05.158.
http://paperpile.com/b/TPywIs/jQw4u
http://paperpile.com/b/TPywIs/jQw4u
http://paperpile.com/b/TPywIs/jQw4u
http://dx.doi.org/10.2741/3528.
http://paperpile.com/b/TPywIs/EfXpb
http://paperpile.com/b/TPywIs/EfXpb
http://paperpile.com/b/TPywIs/EfXpb
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.056.
http://paperpile.com/b/TPywIs/kxMLF
http://paperpile.com/b/TPywIs/kxMLF
http://paperpile.com/b/TPywIs/kxMLF
http://paperpile.com/b/TPywIs/kxMLF
http://dx.doi.org/10.1007/s12010-017-2462-z.
http://paperpile.com/b/TPywIs/lpp61
http://paperpile.com/b/TPywIs/lpp61
http://paperpile.com/b/TPywIs/lpp61
http://paperpile.com/b/TPywIs/lpp61
http://dx.doi.org/10.3390/pharmaceutics11070314.
http://paperpile.com/b/TPywIs/Ogjun
http://paperpile.com/b/TPywIs/Ogjun
http://paperpile.com/b/TPywIs/Ogjun
http://paperpile.com/b/TPywIs/Ogjun
http://dx.doi.org/10.1016/j.ijbiomac.2020.03.114.
http://paperpile.com/b/TPywIs/aMzfa
http://paperpile.com/b/TPywIs/aMzfa
http://paperpile.com/b/TPywIs/aMzfa
http://dx.doi.org/10.1016/j.addr.2018.12.014.
http://paperpile.com/b/TPywIs/ExLKU
http://paperpile.com/b/TPywIs/ExLKU
http://paperpile.com/b/TPywIs/ExLKU
http://dx.doi.org/10.1016/j.msec.2014.07.036.
http://paperpile.com/b/TPywIs/TaNl2
http://paperpile.com/b/TPywIs/TaNl2
http://paperpile.com/b/TPywIs/TaNl2
http://dx.doi.org/10.1002/jbm.a.31588.
http://paperpile.com/b/TPywIs/uu0Tc
http://paperpile.com/b/TPywIs/uu0Tc
http://paperpile.com/b/TPywIs/uu0Tc
http://dx.doi.org/10.1016/j.burns.2005.10.015.

[44] G. Dolete, Politehnica University of Bucharest, Faculty of Applied Chemistry and Materials
Science, Department of Science and Engineering of Oxidic Materials and Nanomaterials,
Bucharest, Romania, B.M. Tihauan, C.M. Kamerzan, O. Tutunaru, |.-C. Mocanu, C. Balas,
I.L. Ardelean, S.S. Maier, Development and sequential analysis of a collagen-chitosan
wound management biomaterial, ROMANIAN BIOTECHNOLOGICAL LETTERS. 24 (2019)
108-117. https://doi.org/10.25083/rbl/24.1/108.117.

[45] N. Sakthiguru, M.A. Sithique, Fabrication of bioinspired chitosan/gelatin/allantoin
biocomposite film for wound dressing application, Int. J. Biol. Macromol. 152 (2020)
873-883. https://doi.org/10.1016/j.ijbiomac.2020.02.289.

[46] F.F. Abd El-Malek, A.S. Yousef, S.A. El-Assar, Hydrogel film loaded with new formula from
manuka honey for treatment of chronic wound infections, J Glob Antimicrob Resist. 11
(2017) 171-176. https://doi.org/10.1016/j.jgar.2017.08.007.

41


http://paperpile.com/b/TPywIs/POhp5
http://paperpile.com/b/TPywIs/POhp5
http://paperpile.com/b/TPywIs/POhp5
http://paperpile.com/b/TPywIs/POhp5
http://paperpile.com/b/TPywIs/POhp5
http://paperpile.com/b/TPywIs/POhp5
http://dx.doi.org/10.25083/rbl/24.1/108.117.
http://paperpile.com/b/TPywIs/iDnG2
http://paperpile.com/b/TPywIs/iDnG2
http://paperpile.com/b/TPywIs/iDnG2
http://dx.doi.org/10.1016/j.ijbiomac.2020.02.289.
http://paperpile.com/b/TPywIs/ak1Zk
http://paperpile.com/b/TPywIs/ak1Zk
http://paperpile.com/b/TPywIs/ak1Zk
http://dx.doi.org/10.1016/j.jgar.2017.08.007.

5 PERSPECTIVAS

O filme de quitosana, colageno e lipossomas proposto possibilita o carreamento
de moléculas bioativas vesiculadas, oferecendo uma camada fisica protetiva que pode
servir como sistema de liberagdo controlada. Visando a aplicagao do filme compdsito
para o tratamento de lesbes da pele, pretendemos associar ao material o fator de
crescimento epidermal (EGF). O EGF é conhecido por estimular a proliferagao celular
devido a indugdo de respostas mitogénicas (CARPENTER; COHEN, 1990). Uma
formulacdo de quitosana preparada com lipossomas carregadas com EGF foi
desenvolvida por Degim et al., 2011, demonstrando crescimento significativo da
proliferagdo celular e aceleragdo da epitelizagdo. A proposta de Degim e
colaboradores, porém, era da aplicagdo do material como hidrogel, portanto
necessitando de reaplicacdo diaria (DEGIM et al., 2011). Com o objetivo de utilizar o
filme desenvolvido neste trabalho para a liberagao controlada de EGF, evitando assim
a necessidade de reaplicagao, temos como perspectivas o encapsulamento do EGF no
material, apds reformulagdo com maior propor¢do de colageno para melhor
destacamento dos componentes emaranhados no filme. Para tanto, prevé-se somar as
analises anteriores os testes de eficiéncia de encapsulamento e de taxa de liberacéo

ao longo do tempo.
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6 CONCLUSAO

Foi formulado, apdés adequacgdes, um filme de quitosana e colageno com
lipossomas que apresentou caracteristicas fisico quimicas de um material homogéneo
e resistente, adequado para a transposicdo as analises in vitro. Sua analise fisico
quimica indicou uma estrutura miscivel com baixo grau de inchamento. Foram
verificadas propriedades biocompativeis que possibilitaram o aporte de células,
demonstrando adesao e viabilidade celular nos testes com o material sem modificar
significativamente a morfologia celular, o que permite sugerir a continuidade de sua
analise em modelos preé-clinicos para posterior uso na terapia de reparo tecidual da

pele.
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Manuseio Material | biologico.pdf 15:48:11

Situacao do Parecer:

Aprovado

MNecessita Apreciacdo da CONEP:

MNao

PORTO ALEGRE, 29 de Novernbro de 2019

Assinado por:

Claudio Marcel Berdin Stadnik

(Coordenador(a))

Enderego: FR. Prof® Annes Dias 285 Hosp.Dom Vicente Scherer

Bairro: &% andar - Centro CEP: gp.020-0090
UF: RS Municipio:
Telefone: [51)3214-8571

PORTO ALEGRE

Fax: (51)3214-8571 E-mail: cep@santacasa.tche.br
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ANEXO Il

UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

Elaborado pela Institui¢do Coparticipante
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Isolamento de celulas a partir de material de descarle humano para estudos em
medicina regenerativa
Pesquisador: Marcia Rosangela Wink
Area Tematica:
Versdo: 1
CAAE: 98290318.5.3001.5345
Instituicdo Proponente: Universidade Federal de Ciéncias da Salde de Porto Alegre
Patrocinador Principal: Fundacdo de Amparo a Pesquisa do Estado do Rio Grande do Sul

DADOS DO PARECER

Mumero do Parecer: 3.214.091

Apresentagdo do Projeto:

Projeto de pesquisa a ser realizado em parceria com o Laboratdrio de Biologia Celular da Universidade
Federal de Ciéncias da Salde de Porto Alegre e as Unidades de Obstetricia, Oftalmologia e Cirurgia
Plastica da Santa Casa de Porlo Alegre, utilizando material de descarte hospitalar como lipoaspirado, pele,
limbo esclero-cormeal, membrana amnidtica e cordao umbilical, serdo extraidos diferentes tipos celulares
humanos (queratindcitos, melanocitos, células estromais mesenquimais e células endoteliais) para o
desenvolvimento de novas terapias celulares para medicina regenerativa, como a aplicagdo de celulas
estromais mesengquimais em sitios lesionados e també&m para a verificag8o da biocompatibilidade de
malteriais propostos para uso clinico, tais como filmes de quitosana e colageno, stents cardiacos de ferro e
geopolimeros.

Objetivo da Pesquisa:

Objetivo Primario:

Isolar células de tecidos humanos, gue seriam descartados, para estudos gue gerem novas lerapias com
potencial uso em medicina regenerativa.

Objetivo Secundario:

-lsolar e caracterizar celulas estromais mesenguimais de tecidos humanos de descarte: pele, cordao
umbilical, gordura e limbo esclerocorneal para serem estudadas e testadas em biomateriais

Enderego: Rua Sammentio Leite 245

Bairro: Sarmmento CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3303-2804 E-mail: cep@ufcspa.edu.br
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utilizados em regeneragio tecidual;-lsolar e caracterizar queratinocitos e melanocitos de pele humana e
limbo esclerocorneal, para aplicagdo em biomateriais;

-Isolar e caracterizar Células Endoteliais da Veia Umbilical Humana (HUVEC) obtidas de corddo umbilical
(proveniente de partos a termo) para avaliar a biocompatibilidade in vitro de amostras de ferro, micro
moldado por injegdo, para uso em stents cardiacos,

-Estudar in vitro a biocompatibilidade de metais biocorrosivels com células estromais mesenguimais
humanas (MSCs);

-Avaliar a biocompatibilidade da membrana amnidtica humana e de uma matriz compdsita de guitosana e
colageno com celulas estromais mesenguimais

humanas.

Avaliagio dos Riscos e Beneficios:

Riscos: O Unico risco ao doador de material de descarte & ndo ser respeitada a confidencialidade das suas
informagoes pessoais, para prevencdo deste problema os pesquisadores assinarfo a declaragio de
compromisso para utilizagio de dados de material bioldgico & a declaragio de confidencialidade do sujeito
no estudo.

Beneficios:

Provavelmente ndo havera beneficio imediato para o paciente doador. A doagio dos materiais podera vir a
beneficiar futuramente a populagio como um todo gerando novas opgdes de tratamento para a medicina
regenerativa.

Comentdrios e Consideragdes sobre a Pesquisa:

O projeto foi iniciado conforme parecer emitido anteriormente.

Consideragtes sobre os Termos de apresentagdo obrigatoria:

Todos os termos apresentados.

Recomendagoes:

A entrega do relatdrio final esta prevista para margo/2019.no entanto esta dala devera ser corrigida pois o
projeto esta sendo aprovado neste mesmo més/ano.

Lembramos que o projeto deve iniclar apenas apos a aprovagao do CEP.

Conclusdes ou Pendéncias e Lista de Inadequagoes:

Projeto em andamento.

Aprovar

Enderego: Rua Sammento Leite 245

Bairro: Sarmento CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3303-2504 E-mail: cep@ufcspa.edu.br
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Consideragbes Finais a critério do CEP:
De acordo com o parecer do Relator.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informacbes Basicas|PB_INFORMAGOES_BASICAS DO _P | 1501/2019 Aceilo
do Projeto ROJETO 1261653.pdf 16:57:14
Outros termo.pdf 15/01/2019 |Marcia Rosangela Aceito

16:51:23 | Wink
Projeto Detalhado / | FPROJETO_MATERIAIS_DE_DESCART| 12/11/2018 [Samlai Vedovatto Aceito
Brochura E.pdf 16:50:59
|Investigador
TCLE / Termos de | TCLEs_materiais_descarte_e_justificativ] 12/09/2018 |THAIS Aceito
Assentimento / as. pdf 17:57:45 |CASAGRAMDE
Justificativa de PAIM
Auséncia
Outros Formulario_Cadastro_Projetos_Unidade | 16/08/2018 |Samlai Vedovatlo Aceito
Pesquisa.pdf 16:02:38
Qutros Declaracao_de_autorizacac_da_chefia_| 16/08/2018 |Samlai Vedovatto Aceito
responsavel pdf 15:56:09
Dutros Formulario_Inscricao_Projetos_pesquisa| 16/08/2018 [Samlai Vedovatlo Aceito
pdf 15:52-48
Declaragao de Declaracac_ulilizacac_dados_material _ | 18/08/2018 |Samlai Vedovatto Aceito
Manuseio Material | biologico. pdf 15:48:11
Biologico /
Biorepositdrio |
Biobanco

Situagdo do Parecer:

Aprovado

MNecessita Apreciacio da CONEP:

MNao

PORTO ALEGRE, 21 de Margo de 2019

Assinado por:

Fernanda Bordignon Nunes

(Coordenador(a))

Enderego: Rua Sammento Leite 245

Bairro: Sarmento
UF: RS
Telefone:

Municipio:
(51)3303-8804

CEP: 90.050-170
PORTO ALEGRE

E-mail:

capi@ufcspa. edu.br
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ANEXO Il

Normas da Revista

Seguindo as recomendagbes da coordenagdo do PPG - Ciéncias da Saude,
optou-se por inserir apenas o link para as normas online da revista (Guia para Autores).

International Journal of Biological Macromolecules

https://www.elsevier.com/journals/international-journal-of-biological-macromolecules/01
41-8130/guide-for-authors

55


https://www.elsevier.com/journals/international-journal-of-biological-macromolecules/0141-8130/guide-for-authors
https://www.elsevier.com/journals/international-journal-of-biological-macromolecules/0141-8130/guide-for-authors

