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RESUMO

Introducdo: A medicina regenerativa tem avaliado os efeitos biolégicos de
polimeros naturais, na tentativa de criar materiais que possam ser usados para
fins de reparo tecidual, como a hemostasia. Dentre estes materiais podemos
destacar a quitosana que tem sido estudado devido sua propriedade
hemostéatica. Objetivo: O presente trabalho teve como objetivo caracterizar
esponjas de blendas constituidas por quitosana (QS) e policaprolactona (PCL)
para possivel utilizagdo como agente hemostético toépico. Material e Métodos:
Foram preparadas solucdes de quitosana em acido acético a 1% e de PCL em
acetona. Estas foram associadas nas seguintes propor¢des volumétricas (v/v):
100:0; 75:25; 50:50; 25:75; 0:100, e entdo congeladas a -80 °C e logo apés
liofilizadas para formar as esponjas, conforme a metodologia freeze-drying. As
amostras foram submetidas a caracterizacbes de Microscopia Eletrbnica de
Varredura (MEV), andlise de espectroscopia na regidao do infravermelho com
transformada de Fourier (FTIR) e uma avaliacdo da interacdo das esponjas
com tecido sanguineo através do ensaio de hemaglutinacdo. Resultados: Foi
possivel observar a formacdo de esponjas de quitosana (QS) e QS/PCL, ja
quando foi utilizada a solugcdo pura do PCL, observou-se que ndo houve a
formacdo da esponja. Nos espectros de FTIR observou-se que ndo houve
mudancas significativas da frequéncia caracteristica dos grupos funcionais
guando analisamos as esponjas de QS/PCL se comparados aos espectros dos
polimeros puros. O aspecto de hemaglutinacdo positiva foi observado nos
pocos que continham as esponjas de quitosana pura e QS75/PCL25. Os
valores de hemodlise foram QS:12,7%; QS50/PCL50: 9,6%; QS75/PCL25:
23,2%; QS25/PCL75: 6,5% e PCL: 3,52%. Concluséao: As blendas de QS/PCL,
desenvolvidas no presente estudo, foram capazes de formar esponjas,
apresentando caracteristicas fisico-quimicas intermediarias entre os materiais,
bem como capacidade hemaglutinante, constituindo assim uma possivel
alternativa de agente hemostatico tdpico para utilizacdo biomédica.

Descritores: Hemostasia, Quitosana, Policaprolactona.
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ABSTRACT

Introduction: Regenerative medicine has analyzed biological effects of natural
polymers, as an attempt to create materials which can be used for tissue repair
purposes, such as hemostasis. Among these materials we can highlight the
chitosan that has been studied because of its hemostatic property. Objective:
This study aimed to characterize sponges made of chitosan (CS) and
polycaprolactone (PCL) blends for possible use as a topical hemostatic agent.
Material e Methods: Chitosan solutions were prepared in 1% acetic acid and
PCL in acetone. These were associated in the following volumetric proportions
(v/v): 100:0; 75:25; 50:50; 25:75; 0:100, then they were frozen at -80°C and
lyophilized to form the sponges by a freeze-drying method. The samples were
subjected to characterizations of Scanning Electron Microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR). It was held also an assessment of the
interaction between sponges and blood tissue through the hemagglutination
assay. Results: It was possible to observe the formation of chitosan sponges
(CS) and CS/PCL, while when the solution of the pure PCL was used, it was
observed that there was no sponge formation. The FTIR spectra revealed that
there were no significant changes in the characteristic frequency of the
functional groups when analyzed CS/PCL sponges when compared to spectra
of pure polymers. The positive aspect hemagglutination was observed in the
wells containing the pure chitosan sponges and CS75/PCL25. The hemolysis
values were CS: 12.7%; CS50/PCL50: 9.6%; CS75/PCL25: 23.2%;
CS25/PCL75: 6.5% e PCL: 3.52%. Conclusion: The blends of CS/PCL
developed in this study were able to form sponges which showed intermediate
chemical-physical characteristics between the materials, as well as
hemagglutinating capacity, thus constituting a feasible alternative topical
hemostatic agent for biomedical use.

Key words: Hemostasis, Chitosan, Polycaprolactone.
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1. Introducéo

A hemostasia € um componente critico para a preservacdo da
estabilidade hemodindmica e Vvisibilidade operatéria durante uma cirurgia.
Inicialmente, ela € obtida através da aplicacdo de uma presséo direta para dar
tempo para a cascata de coagulacdo criar fibrina e o tampao plaquetario.
Outros métodos de primeira linha para hemostasia em cirurgia incluem reparo
ou ligadura do vaso sangrante com suturas, clipes ou grampos e coagulacao
do sitio de sangramento com um dispositivo baseado em energia térmica.
Quando estes métodos sdo insuficientes para proporcionar hemostase
adequada, agentes hemostaticos topicos podem ser usados para aumentar a
criacdo de um coagulo durante a cirurgia (OVERBEY; JONES; ROBINSON,
2014).

Existem varios agentes hemostaticos disponiveis, mas ainda ndo esta
disponivel um agente hemostatico topico e cirurgico ideal para tratamento de
hemorragias subitas. Este agente ideal hemostatico deve possuir mecanismos
de coagulacdo nativos que ndo passem através dos sistemas de filtracdo
residual, deve apresentar baixo custo, tem que ser de facil aplicagédo e exigir o
minimo de superviséo, deve apresentar longa duracdo com baixo risco, devera
ser capaz de conseguir a hemostase dentro do periodo de tempo necessario, e
nao causar reacdes alérgicas (MERCY; HALIM; HUSSEIN, 2012). Dentre os

materiais estudados para uso hemostatico, podemos destacar a quitosana.

A quitosana é um biopolimero derivado da desacetilagdo da quitina, um
polimero natural encontrado no exoesqueleto de crustaceos, insetos e parede
celular de fungos (SALGADO et al, 2012; TAVARIA et al, 2013; ALLAKER;
MEMARZADEH, 2014). Este biomaterial tem sido muito utilizado em diferentes
areas biomédicas devido suas vantagens, como a biocompatibilidade,
biodegradabilidade, hidrofilicidade, n&o-antigenicidade e nao-toxicidade, e
atividade anti-microbiana, bem como bioadeséo e afinidade celular. (WAN et al,
2009).

Este polimero apresenta uma estrutura quimica Unica formando um

polication linear, com alta densidade de carga e de grupos reativos bem como
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inumeras ligacbes de hidrogénio. Estas caracteristicas permitem que esse
biomaterial seja facilmente processado e apresente biocompatibilidade
(TAVARIA et al, 2013; RABEA et al, 2003).

Dentre as propriedades biologicas descritas na literatura para a
quitosana, as mais relevantes sdo: a capacidade antioxidante, antimicrobiana,
anti-inflamatoéria, hemostatica, cicatrizante, analgésica, e coagulante, sendo
apta a parar hemorragias (DIAS et al., 2013; MALHEIRO et al, 2010; SPIN-
NETO et al, 2008; TAVARIA et al, 2013).

Visto que a quitosana consiste em moléculas com multiplas cargas
positivas, este polissacarideo pode interagir com moléculas que possuem
cargas negativas, como o0s glicosaminoglicanos presentes na matriz
extracelular (SALGADO et al, 2012).

Devido a sua natureza catibnica a quitosana pode ser considerada como
um potencial agente hemostéatico. Uma vez que as aminas sdo protonadas ao
pH acido, a carga positiva é transferida para a cadeia da proteina. Como a
maioria das membranas biol6gicas apresenta natureza anidnica, a quitosana
seria capaz de aderir fortemente a elas através de interacdes eletrostaticas. A
hemostasia provocada pela quitosana ndo estd relacionada a cascata de
coagulacdo sanguinea normal, que resulta na formacdo de fibrina. Sendo,
entdo, atribuida a interacao fisica entre a quitosana e as membranas celulares
dos glébulos vermelhos. Acredita-se que eritrocitos ligados a quitosana formam
uma rede local, independentemente de outros agentes hemostéticos (LIMA et
al, 2015; RAO, SHARMA, 1997).

Um estudo avaliou in vitro a capacidade de coagulacdo e adesédo de
plagquetas da quitina, quitosana e seus derivados e observou que a quitosana,
reduziu significativamente o tempo total de coagulagdo do sangue e atribuiu
essa capacidade hemostdtica ao aumento da aglutinacdo de globulos
vermelhos, afirmando que a hemostasia causada pela quitosana ndo seguiu a
cascata de coagulacdo normal, que resulta na formacéao de fibrina. Na verdade,
foi atribuida a interacéo fisica entre a quitosana e as membranas celulares dos

glébulos vermelhos (Janvikul et al., 2006).



Ao avaliar os efeitos de um curativo hemostatico de quitosana sobre a
perda de sangue apos a lesdo hepatica grave em suinos, verificou-se que a
perda de sangue poés-tratamento foi reduzida no grupo da quitosana e que o
mesmo foi capaz de controlar a hemorragia venosa melhorando a hemostasia
(Pusateri et al, 2003).

A policaprolactona (PCL) € um polimero sintético, que é um poliéster
alifatico de cadeia linear com carater semicristalino derivado da sintese quimica
do petrdleo. E um biomaterial biodegradavel e biocompativel, amplamente
utilizado em aplicacbes biomédicas, em particular na area de engenharia de
tecidos (FERNANDES, 2011; WAN et al, 2009). O PCL é um material
termoplastico que pode ser facilmente transformado em complexo
tridimensional (scaffolds) utilizando tecnologias convencionais devido ao seu
baixo ponto de fusdo, e baixa viscosidade. Além disso, suas propriedades
mecanicas e mecanismo de degradacdo podem ser alterados quimicamente
(CRUZ et al, 2009).

E um material aprovado pela Food and Drug Administration (FDA), e tem
sido utilizado para diversos fins clinicos como reconstrucdo de tecidos como o
0sso, a pele, tecido nervoso, retina, entre outros. Para além destas aplicacdes
este polimero também tem sido usado noutras aplicacbes biomédicas como
fios de sutura e na liberacédo controlada de farmacos. A principal desvantagem
deste polimero é a sua hidrofobicidade, sendo insolivel em qualquer tipo de
solugdo aquosa, o que dificulta a adesao celular, bem como interacdes
biolégicas com o meio (FERNANDES, 2011; MARTINS, 2011). Além disso,
PCL tem uma taxa de degradacdo lenta em comparagcdo com outros
poliésteres alifaticos, devido a sua alta cristalinidade. Vérios esforcos tém,
portanto, sido dirigidos para superar estas desvantagens, sendo a estratégia
mais comum a mistura de PCL com outros polimeros sintéticos ou naturais

(WAN et al, 2009).
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A associacdo entre dois polimeros €& uma abordagem para o
desenvolvimento de novos biomateriais exibindo combinac¢des de propriedades

que ndo podiam ser obtidas por polimeros individuais. Blendas feitas de



polimeros sintéticos e naturais podem absorver uma vasta gama de
propriedades fisico-quimicas e de técnicas de processamento de polimeros
sintéticos, bem como a biocompatibilidade e as interagBes biolégicas dos
polimeros naturais. Com base no que foi descrito, as respectivas
caracteristicas da quitosana e da policaprolactona (PCL) associadas resultam
na formagdo de um biomaterial superior, onde podemos observar a presenca
de propriedades mutuamente complementares. E, por conseguinte, razoavel
esperar que suas deficiéncias individuais possam ser superadas a partir da
formacdo de blendas entre eles (SARASAM; MADIHALLY, 2005; WAN et al,
2009).

Esta pesquisa teve como objetivo caracterizar esponjas de blendas
poliméricas constituidas de quitosana e PCL para possivel utilizacdo como

agente hemostatico topico.
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ABSTRACT

This study aimed to characterize sponges made of chitosan (CS) and
polycaprolactone (PCL) blends for possible use as a topical hemostatic agent.
Chitosan solutions and PCL nanoparticles were associated in the following
volumetric proportions (v/v): 100:0; 75:25; 50:50; 25:75; 0:100, then the freeze-
dried. The samples were subjected to characterizations of Scanning Electron
Microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and
hemagglutination assay. It was possible to observe the formation of CS/PCL
sponges with interconnected porous morphology. The blends were able to form
sponges which showed intermediate chemical-physical characteristics between
the polymers, as well as hemagglutinating capacity.



Keywords: Hemostasis, Chitosan, Polycaprolactone

1 INTRODUCTION
Hemostasis is a critical component for the preservation of
hemodynamic stability and operative visibility during surgery. Initially, it is
obtained by applying direct pressure, offering time to the coagulation cascade
create fibrin and platelet clot. When this method are insufficient, topical

hemostatic agents can be used [1].

Chitosan (CS) is a polymer derived from the deacetylation of chitin, a
natural polymer found in the exoskeleton of crustaceans and insects and cell
walls of fungi [2]. This material has been used in many biomedical areas as
consequence of their advantages such as biocompatibility, biodegradability,
hydrophilicity, non-toxicity and non-antigenicity, and anti-microbial activity as

well as cell bioadhesion and cell affinity [3].

PCL is a synthetic polymer which is a linear aliphatic polyester with
semicrystalline character derived from petroleum chemical synthesis. It is a
biodegradable and biocompatible biomaterial, widely used in biomedical

applications [3].

So, in this work, we adopted the blending strategy by combining CS

with poly([J-caprolactone) (PCL), to improve the application of these materials.

In this context, here we develop CS-PCL sponges for possible use as a

topical hemostatic agent.



2 EXPERIMENTAL
2.1 Ethical considerations
This study was conducted with the approval of the Research Ethics
Committee, Health Science Center, Federal University of Paraiba (CAAE:

45844615.6.0000.5188).

2.2Sponge Preparation
221 PCL Nanoparticles synthesis
PCL nanoparticles were made by the emulsification and solvent
evaporation methods with some modifications [4,5]. Was diluted 100 mg of PCL
(50.000 g.mol™, Capa™ 6500, Perstorp, Sweden) in 27 mL of acetone (Quimica
Moderna, Sao Paulo, Brazil) under magnetic stirring (Fisatom, Brazil) at 37 °C.
Then, 72 pL of polysorbate 80 (Tween® 80) (surfactant) (Sigma Aldrich, Brazil)
was added and the solution remained under stirring at room temperature for 15
minutes. This organic phase was dropped (Pump 11, Harvard Aparattus, USA)
into 53 mL of distilled water with a drip rate of 330 pL.min™. The solution was
stirred up to complete acetone evaporation (24 hours) and the lost volume was

completed with distilled water.

2.2.2 Chitosan solution
For CS solution preparation, it was used 250 mg of CS (Sigma Aldrich,
Brazil), 0.5 mL of acetic acid (Quimica Moderna, Sdo Paulo, Brazil) and 49.5
mL of distilled water which were left on the magnetic stirrer at room temperature

for 24 hours until complete solubilization occur.



2.2.3 Sponge preparation
Chitosan solutions and PCL nanoparticles were associated in the
following volumetric proportions (v/v): 100:0; 75:25; 50:50; 25:75; 0:100, whose
nomenclature was 100CS, 75CS, 50CS, 25CS and 100PCL. These solutions
were stored in a 45 mL Falcon tube and were frozen at -10 °C and packed in a
freeze-dryer equipment (Terroni brand, model Enterprise IlI) for 36 hours

meaning the sponge formation.

2.3Morphological characterization
The sponge morphologies were analyzed using a Scanning Electron
Microscopy (SEM) (FEI Quanta 450, Hillsboro, USA). Previously, they were
fixed in stubs with carbon tape and metallized with gold layers, 90 seconds to

each overlay, in a sputter coater (K550X, Emitech, United Kingdom).

2.4Chemical analysis
Chemical analysis of the sponges was performed with Fourier
Transformation Infrared (FTIR) Spectroscopy (IRPrestige-21, Shimadzu, Kyoto,
Japan). The spectra obtained contemplated wavelength ranging from 4000 to
600 cm™ with a resolution of 4 cm™ and 20 scans.
2.5Tests on erythrocytes
The collection and preparation of erythrocytes was made as described

by Lima et al. [6].

For the hemagglutination assay, the sponges were cut into 3 mm
diameter disks. As control groups, sterile saline 0.9% (w/v) NaCl (negative), and

distilled water (positive) were used.



The hemagglutination tests were performed in accordance with
immunological assay protocol of Banerjee et al. [7]. The visual observation and
photography were taken 1 hour after inoculation to verify the formation of

erythrocytes buttons or the presence of hemagglutination.

The hemolytic activity of the above reagents was investigated according
to the Singhal and Ray [8] method. According to the index recommended by
Hartmann et al. [9], a percentage below 5% was interpreted as acceptable

hemolysis.

3 RESULTS AND DISCUSSION
3.1Synthesis of sponges
It was possible to observe that the CS and CS-PCL sponges are
homogenous, white and without phase separation solid. The solution 100PCL
did not sponge, only powder was left, once this method is to obtain
nanoparticles and it is in the dried form. During the lyophilization, the
mechanism responsible for the formation of the pores is phase separation of
water and solid polymer. After freezing, this phase forms ice crystals that
undergo sublimation during the lyophilization, leaving behind a porous network

in the polymeric phase [10,11].

Sarasam and Madihally [10] also produced CS-PCL scaffolds by freeze-
drying methods and obtained similar porous structures to the present study,

however, less stable due to the use of higher concentration of acetic acid.



3.2Morphological characterization

Fig. 1 shows SEM images of neat and blend sponge surfaces. The
addition of PCL nanoparticles in CS solution influenced their external
morphology. Pure chitosan solutions formed a highly interconnected porous
network with variable pore sizes (Fig. 1a-b). The interconnection of the 75CS
(Fig. 1c) foam was maintained, like 100CS, even though the surfaces were
rough (Fig. 1d), the pores were larger and randomly distributed. 50CS tended to
have holes (Fig. 1e) and lamellar layers (Fig. 1f) in the sponge structure. 25CS
showed leaf form (Fig. 1g) with few holes and increased rough attributed to the
beginning of nanoparticle formation (Fig. 1h). While in 100PCL, we obtained

agglomerates of PCL nanopatrticle (Fig.li-)).

10



Fig. 1. SEM microphotographs of the sponge surfaces (a-b) 100CS, (c-d) 75CS,

(e-f) 50CS, (g-h) 25CS and (i-j) 100PCL
This increment in roughness when PCL concentration increases also
was reported by Neves et al. [12] and Malheiro [13] in their CS-PCL blends
studies. Neves et al. [12] and Wang et al. [14] show that the less PCL the

scaffold had, more was its organization, repetition and orientation in short

11



distances, but the increase in PCL concentration led to higher porosities and
pore sizes in large distances. In relation to PCL particles, its size and shape are

in agreement with those found by Fessi et al. [4] and Badri et al. [5].

3.3Chemical analysis
Characteristic peaks of the blends show that 75CS and 50CS were
closer to CS profile due to the two N-H vibrations, whereas 25CS represented

better PCL behavior because of carbonyl (C=0) ester stretching (Fig. 2).

There was no carbonyl stretch in 1725-1630 cm™ that could confirm any
reaction between amine group of CS and carbonyl group of PCL to form amide
bond. Then, it results that there was no detectable chemical bonding between
these polymers and indicates that occurred just the physical mixture. This

finding corroborate earlier studies [11, 13].

IOOCW

7SCW
SOCW

ZSCW
IOOPW

3000 2000 1000
Wavenumber, cm’

Fig. 2. FTIR spectra of the CS-PCL sponges
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3.4Hemagglutination Assay
A positive hemagglutination was interpreted as a homogeneous reddish
appearance in the well bottom, as described by Lima et al. [6]. This aspect was
observed in wells containing 100CS, 75CS and 50CS sponges (Fig. 3). The
other samples 25CS and PCL nanoparticles (5mg/ml) diluted solution showed
the precipitation of erythrocytes button in the center of the well, corresponding

to the absence of hemagglutination.

Fig. 3. Macroscopic aspect of hemagglutination test. Wells containing the

samples a) 100CS, b) 75CS and c¢) 50CS d) 25 CS and e) 100PCL.

Several studies have analyzed the interaction of chitosan with blood

cells, and even using different methodologies, their results end up agreeing with

13



the present study, the chitosan has hemagglutinating capacity independent of

its concentration [6,15,16].

The hemolysis percentage of the samples were: 100CS=12,7%;
75CS=23,2%; 50CS=9,6%; 25CS=6,5%; 100PCL=3,5%. Only the pure PCL
sample presented a value lower than 5%, however, its value was acceptable
according to Hartmann et al. [9]. The increases the proportion of PCL in the
samples, the percentage of hemolysis decreases, suggesting that this material
interferes positively associated to chitosan in the reduction this undesired event

to the living organism.

4 CONCLUSION

It was possible to form sponges from blends of CS and PCL
nanoparticles using an aqueous medium and freeze-drying method. The
sponges were uniform and had porous appearance. The scaffolds with 50 and
75% of CS performed similarly as CS and that with 25% CS with PCL. Sponges
with up to 50% CS showed hemagglutinating capacity, demonstrating the

potential use these as topical hemostatic agents.
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4. Conclusao

Neste estudo, foi possivel a formacédo de esponjas a partir de blendas
entre quitosana e policaprolactona (PCL) através do método freeze-drying. As
esponjas apresentaram-se homogéneas e com aspecto poroso. Como se pode
esperar das blendas, a mistura que ocorreu entre os polimeros foi apenas fisica
e nao interferiu nas caracteristicas fisico-quimicas dos materiais utilizados. As
esponjas com quitosana produzidas neste estudo apresentaram capacidade
hemaglutinante, demonstrando o potencial uso futuro das mesmas como

agentes hemostaticos topicos para uso biomédico.
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