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RESUMO

O presente trabalho objetivou desenvolver e avaliar comparativamente membranas
porosas de quitosana com diferentes concentracées de Cissus verticillata (L.)
Nicolson & C. E. Jarvis (insulina) para aplicagdo como biomaterial. Foi realizada a
coleta, identificacdo botanica da planta e obtencao do extrato alcodlico bruto (EAB)
da mesma. Utilizou-se a técnica de evaporacao do solvente para obtencao das
membranas de quitosana e quitosana com EAB. As membranas foram neutralizadas
com o hidroxido de amdnio, postas para secar a temperatura ambiente e
armazenadas individualmente. Foram formados trés grupos de membranas: MQ —
Membrana de Quitosana, MQ5 - Membrana de Quitosana com 5% de EAB e MQ20 -
Membrana de Quitosana com 20% de EAB. As membranas foram caracterizadas
através dos Testes de Molhabilidade e do Grau de Intumescimento. O teste de
molhabilidade revelou que todas as membranas apresentaram valores do angulo de
contato menores que 90°, caracterizando um perfil hidrofilico, e que a presenca da
droga vegetal promoveu um aumento na hidrofilicidade das mesmas. A analise de
intumescimento  demonstrou que as médias das massas foram
correspondentemente mais elevadas na forma intumescida do que na condi¢cao
seca, havendo diferengas significativas entre os grupos. Concluiu-se, através das
caracterizacdes realizadas, que as membranas apresentaram caracteristicas
favoraveis e esperadas para a utilizacdo das mesmas como biomaterial.

Palavras-chave: Biomateriais, Membranas,Quitosana.



ABSTRACT

The present work aimed to develop and comparatively evaluate chitosan porous
membranes with different concentrations of Cissus verticillata (L.) Nicolson & C. E.
Jarvis (insulin) to be applied as a biomaterial. The collection, botanic identification of
the plant and obtainment of the crude ethanolic extract (CEE) was carried out. The
solvent evaporation technique was used in order to obtain the chitosan membranes
and membranes with CEE. The membranes were neutralized with ammonium
hydroxide, placed to dry at room temperature and stored individually. Three groups of
membranes were formed: CM — Chitosan membrane, CM5 — Chitosan membrane
with 5% of CEE and CM20 — Chitosan membrane with 20% of CEE. The membranes
were characterized by means of the Wettability and the Swelling Degree Tests. The
wettability test revealed that all the membranes presented contact angle values lower
than 90°, characterizing a hydrophilic profile, and that the presence of the plant drug
promoted an increase in their hydrophilicity. The analysis of the swelling
demonstrated that the averages of the masses were correspondingly higher in the
swollen form than in the dry condition, and there were significant differences between
the groups. It is concluded, by the characterizations carried out, that the membranes
presented favorable and expected characteristics for use as a biomaterial.

Keywords: Biomaterials, Membranes, Chitosan.
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1 INTRODUCAO

Os biomateriais podem ser definidos como materiais ndo vivos que sao
utilizados na area médica ou biomédica, com o objetivo de interagir com o sistema
biolégico (SPIN-NETO et al., 2008). O uso de polimeros naturais para aplicacoes
biomédicas é crescente, isso se deve a diversa capacidade de aplicacdo que
possuem, sobretudo como biomateriais. Estes, por sua vez, podem estar associados
a farmacos e serem utilizados como curativo para reparacao tecidual (TOCCE et al.,
2012). Nesse contexto, os biopolimeros naturais, como a quitosana, oriunda da
desacetilagdo da quitina, obtida particularmente da carapaga de camarao, tém
apresentado um grande potencial de utilizacdo devido as suas caracteristicas
bioldgicas e fungdes terapéuticas (TAVARIA et al., 2013).

A quitosana tem sido considerada um biomaterial acelerador da reparacao
tecidual, com a capacidade de elevar a producdao de matriz extracelular pelo
aumento de producao de fatores de crescimento. Além disso, tem a capacidade de
acelerar a infiltracdo de linfocitos polimorfonucleares nas fases iniciais de
cicatrizacdo melhorando, desta forma, o processo cicatricial (SPIN-NETO et al.,
2008).

Os sistemas de liberagao de farmacos “Drug-delivery systems”, surgidos na
década de oitenta, representam biomateriais usados na industria como moderadores
na transferéncia de drogas sistémicas ou locais, com a capacidade de proporcionar
controladas taxas de liberagdo da droga por um determinado tempo, com o minimo
de efeitos colaterais. Estudos tém demonstrado que a quitosana por ser permeavel,
pode ser usada para a liberacdo de medicamentos, sobretudo quando se requer
uma liberacao lenta e controlada dos mesmos (SPIN-NETO et al., 2008).

Diante da capacidade de estimulo a cicatrizacdo associado a terapia através
da liberacdo controlada de farmacos, a quitosana configura-se em uma opgao
terapéutica pra diferentes doencas, como por exemplo o diabetes melito, que é
definido como uma patologia em que os niveis de glicose plasmatica apresentam-se
anormais, com elevagdes constantes, o que resulta da deficiéncia total ou parcial de
insulina e prevaléncia excessiva total ou parcial do glucagon (MARTINS, 2001).

Por outro lado, muitas espécies vegetais tém sido utilizadas
etnofarmacologicamente ou experimentalmente para tratar os sintomas da diabetes

melito, devido a atividade hipoglicemiante que possuem (BRAGA, 2008). Essa
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atividade farmacoldgica estd muitas vezes relacionada aos flavondides constituintes
das plantas, que atuam no aumento da liberagédo de insulina e estimulam os efeitos
da insulina nas células (HAVSTEEN, 2002). A Cissus verticillata (L.) conhecida como
“‘insulina vegetal” é um exemplo dessas plantas, sendo citado na literatura o uso do
cha das suas folhas na medicina caseira em diversas regides do pais, motivando
assim estudos botanicos, quimicos e farmacoldgicos no Brasil e no exterior (LINO,
2008).

Mediante a aprovacdo da Politica Nacional de Praticas Integrativas e
Complementares, prevendo o tratamento com plantas medicinais e fitoterapicos no
Sistema Unico de Satide — SUS, conforme disposto na Portaria 971 de 3 de Maio de
2006 do Ministério da Saude; e da Politica Nacional de Plantas Medicinais e
Fitoterapicos atraveés do Decreto n° 5.813, de 22 de Junho de 2006, este trabalho se
propbs a obtencdo de membranas porosas de quitosana com diferentes
concentracdes de Cissus verticillata (L.) Nicolson & C. E. Jarvis, a fim de avaliar sua
possivel aplicagdo como biomaterial em pacientes portadores de diabetes melito tipo
2.
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2 REVISAO DE LITERATURA
2.1 DIABETES MELITO
2.1.1 Conceito e epidemiologia

O diabetes melito (DM) é uma doenga cronica que ocorre quando 0 corpo nao
produz insulina ou ndo consegue empregar de maneira adequada a insulina que
produz. A insulina é o horménio que regula a quantidade de glicose obtida pelo
organismo através da alimentacdo como fonte de energia. O diabético ndo produz
insulina ou ndo consegue utilizar a glicose adequadamente. Com isso, 0 nivel de
glicose sanguinea se eleva (hiperglicemia) e se o quadro permanecer por muito
tempo podem haver danos em érgaos, vasos sanguineos e nervos (SBD, 2018).

O Brasil esta em 4° lugar no ranking mundial de ocorréncia da doenga, atras
apenas dos Estados Unidos, China e india. A Federagao Internacional de Diabetes
(FID) estima que o numero de pessoas com diabetes no Brasil pode alcancar 19,2
milhdes de pessoas em 2035 (FID, 2016).

2.1.2 Classificacao e etiologia

A classificacado do diabetes melito inclui quatro classes clinicas: diabetes tipo
1, diabetes tipo 2, outros tipos especificos de diabetes e diabetes gestacional (WHO,
2012). O diabetes tipo 1 representa 10% dos diabéticos (HOSSAIN, KATAR, EL
NAHAS, 2007). Embora menos comum esse tipo de diabetes é o mais agressivo,
estando sua etiologia diretamente relacionada a destruicdo das células beta do
pancreas (NEIVA, 2005).

O diabetes tipo 2 é o tipo adulto, isto €, o inicio geralmente ocorre apds os
45 anos, representando 80% dos casos; embora ja se tenha descrito que o diabetes
tipo 2 esta se manifestando mais precocemente, até mesmo na adolescéncia (ADA,
2000). A etiologia do tipo 2 de diabetes ndo esta claramente estabelecida, mas a
destruicao auto-imune do pancreas nao esta envolvida (ERBERLY et al., 2003).
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A categoria outros tipos de diabetes melito contém varias formas de DM
decorrentes de defeitos genéticos associados com outras doengas ou com 0 uso de
farmacos diabetogénicos (OLIVEIRA, MILECH, 2004).

2.1.3 Tratamento e Custos Globais com o Diabetes

A insulinoterapia constitui o item principal no tratamento do diabetes melito
tipo 1, sendo essencial para a vida desses pacientes, mas pode vir a ser necessaria,
também, para o tratamento do diabetes melito tipo 2 (MATHEUS, AHMED, VILLAR,
2001).

Quanto ao tratamento do diabetes melito tipo 2, a prevencao primaria, no
que se refere aos fatores de risco, se faz com um regime alimentar saudavel e
atividade fisica regular. Essas acbes preventivas reduzem ou adiam as
necessidades de atencdo a doenca. A prevencado secundaria inclui diagnéstico
precoce e tratamento apropriado (OPAS, 2003).

Os custos do DM afetam o individuo, a familia e a sociedade, porém néo sao
apenas econémicos. Os custos intangiveis (p. ex., dor, ansiedade, inconveniéncia, e
perda de qualidade de vida) também apresentam grande impacto na vida das
pessoas com diabetes e seus familiares, o que é dificil de quantificar (SBD, 2015).

O uso de terapias menos onerosas para o tratamento de enfermidades
cronico-degenerativas representa ganho importante nos investimentos humanos e
financeiros empregados na area de saude no Brasil. Assim, os fitoterapicos podem
atuar como forma opcional de terapéutica levando em consideracdo o menor custo,
e cujos beneficios adicionam-se aos da terapia convencional (BORGES, BAUTISTA,
GUILERA, 2008).

2.2 FITOTERAPIA

As plantas sdo uma fonte de medicamentos para os seres humanos desde
tempos imemoriais (RIZVI, MISHRA, 2013). O consumo de medicamentos de origem
vegetal decorre, basicamente, do fato desses produtos representarem terapias de
menor custo em relacdo aquelas normalmente oferecidas pela industria
farmacéutica. Atualmente, pode-se verificar um aumento do uso de fitoterapicos

como recurso medicinal, isso devido ao alto custo dos medicamentos sintéticos, ao
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dificil acesso a assisténcia médica e a cultura do uso de produtos naturais ja
estabelecida na sociedade (BEDAK et al., 2012).

2.2.1 Plantas utilizadas no tratamento do diabetes melito / Cissus verticillata
(L.) Nicolson & C. E. Jarvis

Muitas espécies de plantas tém sido usadas etnofarmacologicamente ou
experimentalmente para tratar os sintomas do diabetes melito. Cissus verticillata (L.)
Nicolson & C. E. Jarvis é uma planta originaria da Republica Dominicana. O género
Cissus € o maior da familia Vitaceae, sendo constituido de cerca de 350 a 400
espécies de trepadeiras, com uma distribuicdo pantropical (CANO, VOLPATO,
2004).

Na medicina popular, o cha das partes aéreas do Cissus verticillata (L.)
Nicolson & C. E. Jarvis é utilizado como antiinflamatério, antiepiléptico,
antihipertensivo, antitérmico, antireumaticoe antidiabético (SILVA, AKISUE, OGA,
1996).

No norte do Parana, a Cissus verticillata (L.) Nicolson & C. E. Jarvis é
conhecida como ‘“insulina vegetal” e o cha das partes aéreas é utilizado no
tratamento do diabetes melito tipo 2. O uso popular da Cissus verticillata (L.)
Nicolson & C. E. Jarvis ocorre concomitantemente ou em substituicdo ao tratamento
médico convencional (BELTRAME et al., 2001).

Rosendo (2009), analisando a eficacia da planta Cissus verticillata (L.)
Nicolson & C. E. Jarvis, em pacientes com diagnéstico de diabetes melito tipo 2,
através da concentracéo de glicose na saliva e no sangue, constatou que o infuso da
Cissus verticillata (L.), foi capaz de produzir um efeito hipoglicemiante quando

administrado por um periodo de oito semanas.

2.3 QUITOSANA

A quitosana é um biopolimero hidrofilico, de baixo custo, renovavel e
biodegradavel, de grande importancia econémica e ambiental (SPIN-NETO et al.,
2008). Segundo Bruce (2006), trata-se de um polissacarideo natural, derivado do
processo de desacetilagao da quitina, composta de unidades 3-(1—4) D-glicosamina
e B-(1—4) N-acetil-D-glicosamina.
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A quitosana tem propriedades interessantes para aplicacdo em engenharia
de tecido tais como biocompatibilidade, biodegradabilidade, acelera a recuperagéo
de lesbes, tem acdo analgésica, reduz o nivel do colesterol sanguineo auxiliando na
redugdo do peso, estimula os efeitos do sistema imunologico, além de ter se
mostrado um composto bacteriostatico e fungistatico. Além disso, os resultados de
sua degradacdao em organismos Vvivos que sado as glicosaminas representam
substancias nao téxicas (BERGER et al., 2004).

A quitosana possui ainda propriedade imunomoduladora, o que se deve a
sua capacidade de ativar quase que exclusivamente os macrofagos. Isto explica nao
s6 o papel da quitosana na aceleracao da cicatrizacdo de lesdes, mas também a
degradacdao desse polimero no organismo (FERNANDES, 2009). Sendo assim,
varios estudos sobre a quitosana com aplicagdo em implantes, reconstituicdo de
tecidos e liberacdo controlada de farmacos demonstraram o uso promissor desse
material (LIMA, 2010).
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The present work aimed to develop and comparatively evaluate chitosan
porous membranes with different concentrations of Cissus verticillata (L.)
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Nicolson & C. E. Jarvis (insulin) to be applied as a biomaterial. The
collection, botanic identification of the plant and obtainment of the crude
ethanolic extract (CEE) was carried out. The solvent evaporation technique
was used in order to obtain the chitosan membranes and membranes with
CEE. The membranes were neutralized with ammonium hydroxide, placed
to dry at room temperature and stored individually. Three groups of
membranes were formed: CM — Chitosan membrane, CM5 — Chitosan
membrane with 5% of CEE and CM20 — Chitosan membrane with 20% of
CEE. The membranes were characterized by means of the Wettability and
the Swelling DegreeTests. The wettability test revealed that all the
membranes presented contact angle values lower than 90°, characterizing a
hydrophilic profile, and that the presence of the plant drug promoted an
increase in their hydrophilicity. The analysis of the swelling demonstrated
that the averages of the masses were correspondingly higher in the swollen
form than in the dry condition, and there were significant differences
between the groups. concluded, by the characterizations carried out, that
the membranes presented favorable and expected characteristics for use as

Keywords: Biomaterials, Chitosan, Membranes.

1. Introduction

Biomaterials can be defined as non-living materials that are used in the medical or
biomedical field, with the objective of having interactions with the biological system (SPIN-
NETO et al., 2008).Among the biomaterials, the polymers are highlighted, whose biomedical
applications have been increasing, due to the diverse applications they possess. Biomaterials
may be associated with drugs and be used as a curative for tissue repair (TOCCE, et al; 2012).
In this context, natural biopolymers, such as Chitosan, derived from the deacetylation of the
chitin, obtained particularly from the shell of shrimp, have presented a great potential for use

due to their biological characteristics and therapeutic functions (TAVARIA et al., 2013).

Biomaterials have been employed in drug release systems as moderators in the
transfer of systemic or local drugs, with the ability to provide controlled drug release rates for
a given time, with minimal side effects. Studies have shown that chitosan, because it is
permeable, can be used for the release of medicines, especially when it requires a slow and
controlled release of the same (SPIN-NETO et al., 2008).

Many plant species have been used experimentally to treat the symptoms of mellitus
diabetes due to their hypoglycemic activities (BRAGA, 2008). This pharmacological activity
is often related to plant constituent flavonoids, which act to increase insulin release and

stimulate the effects of insulin on cells (HAVSTEEN, 2002). The Cissus verticillata (L.),
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known as "vegetable insulin", is an example of these plants, being cited in the literature
through the use of the tea of its leaves in home medicine in various regions of the country,
motivating botanical, chemical and pharmacological studies in Brazil and abroad (LINO,

2008).

Mellitus Diabetes (DM) is a chronic disease that occurs when the body does not
produce insulin or when it can not properly use the insulin it produces. Insulin is the hormone
that regulates the amount of glucose obtained by the body through food as a source of energy.
Diabetic patients does not produce this hormone or can not use the glucose properly. In this
way, the blood glucose level rises (hyperglycemia) and if the frame remains for a long time

there may be damage to organs, blood vessels and nerves (SBD, 2018).

In view of the approval of the National Policy of Integral and Complementary
Practices, providing for the treatment with medicinal plants and herbal remedies in the Single
Health System — SUS, as laid down in the 971 of May 3, 2006 of the Ministry of Health; and
the National Policy of Medicinal and Herbal Plants through Decree n ° 5,813, of June 22,
2006, this work aimed at obtaining porous membranes of chitosan with different
concentrations of Cissus verticillata (L.) Nicolson & C. E. Jarvis, in order to assess its

possible application as biomaterial in patients with diabetes mellitus type 2.

2. Materials and Methods

2.1 Research Type

It is a laboratory research, in vitro and quantitative.

2.2 Local
The research was developed at CERTBIO, located in the Academic Unit of Materials

Engineering, at the Federal University of Campina Grande/UFCG.

2.3 Materials
e Chitosan of medium molecular mass, with a degree of deacetylation around 90% and
crystallinity degree of approximately 50%; Produced in CERTBIO — UFCG.
e Glacial Acetic AcidP.A., Sigma Aldrich®.
e Ammonium hydroxide 28-30% P.A.-molar mass 35.05 g/mol, Neon.
e Phosphate Buffered Saline (PBS) - Sigma Aldrich®.

e Alcoholic extract of Cissus verticillata (L.) Nicolson & C. E. Jarvis.
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2.4 Vegetable Material

Cissus verticillata (L.) Nicolson & C. E. Jarvis.

2.4.1 Plant collection and identification

The vegetable drug was extracted from the plant Cissus verticillata (L.) Nicolson & C.
E. Jarvis, obtained in the Medicinal Plant Nursery of the Institute of Pharmaceutical and Drug
Research (IPeFarM) of the Federal University of Paraiba (UFPB), where the plant is
cultivated. Air parts (leaves and fruits) of fresh adult plants were pressed and then placed for
drying in a handmade kiln for 72 hours, for the preparation of exsiccates (Figure 1). The
botanical identification of the plant was carried out, and representative samples of the
exsiccates were deposited in the Herbarium of the CSTR, located at the Rural Health and
Technology Center (CSTR/UFCG), under the tipping number — CSTR 5170.

Figure 1. (a) presentation of the leaves and fruits of Cissus verticillata (L.) Nicolson & C. E.
Jarvis; (b) press used (1) and image of the plant species before the drying process in the
handmade greenhouse (2).
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Source: ROSENDO, 2016.

2.4.2 Obtaining the plant extract

. Drying Process
The leaves were dehydrated in greenhouse with circulating air, at 38 °C, for 72 hours,

and crushed in a Harley-like mill, following the methodology of Vasconcelos (2004).

o Preparation of the vegetable extract
The alcohol Extract (EA) of the dust from the leaves of Cissus verticillata (L.)

Nicolson & C. E. Jarvis was prepared through the method of re-maceration. The dry leaf
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powder was extracted with alcohol at 95% at room temperature (26 ° C), in a stainless steel
percolator, and left at rest for 72 hours. This method was chosen to obtain the exhaustive

extraction of the constituents of the plant (Figure 2).

Figure 2. (a) Powder of the leaves of the plant Cissus verticillata (L.) Nicolson & C. E. Jarvis;

(b) Stainless steel percolator with the powder of the leaves of Cissus verticillata (L..) Nicolson

e - SN

Source: ROSENDQO, 2016.
Then the material was filtered and subjected to a new extraction for 48 hours. Thus, this
procedure was repeated for exhaustive extraction of the plant material. The PH of the filtrate
obtained was measured and then placed in a rotating evaporator R-210 Buchi at the pressure
of 64 Bar with temperature of 40 °C, for a period of 48 hours. In the end, it was obtained a
dark material, hygroscopic, called crude alcoholic extract (EAB), in an amount of 85.8 g

(Figure 3).
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Figure 3. (a) Rotary evaporator R-210 BUCHI; (b) Crude alcoholic extract of Cissus
verticillata (L.) Nicolson & C.E. Jarvis.

i

Source: ROSENDO, 2016.

2.4.3 Methodology of the preparation of the porous membranes of chitosan without

and with the incorporation of the vegetable drug.

The Chitosan solution was prepared by the dissolution of 30g of chitosan in 1, 51 of a
1% (V/V) solution of glacial acetic acid under mechanical agitation for 24 h to 430 rpm
(Figure 4). 20 mL of the solution was added in acrylic Petri dishes with diameters of
55x13mm. The chitosan of medium molecular mass, produced by CERTBIO, was employed
for the preparation of the solution and the glacial acetic acid P. A. was employed as a solvent

for the chitosan.
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Figure 4. (a) 30 g of chitosan; (b) 15 ML of glacial acetic acid for preparation of 1% solution;

(c) 1,5l of 1% (V/V) glacial acetic acid solution; (d) Chitosan solution with glacial acetic acid

under mechanical agitation.

Source: MORAI, 2017.

The preparation of the porous membranes containing the vegetable drug was
performed by dissolving in 100 ML of the chitosan solution, 5% and 20% of the plant drug, in
proportion to the concentration of chitosan employed. These solutions were also placed in the
mechanical agitator for 2 h to 550 rpm, until the plant drug was dissolved homogeneously
(Figure 5). The concentrations of the vegetable drug were selected based on the studies
developed by Rosendo (2009) which used 1.0 gram of powder of the leaves of Cissus
verticillata (L.) in patients, being this dosage considered ideal to be employed by the
population as therapeutic.

Similarly, 20 ML of each of the solutions obtained in acrylic Petri plates were shed.
The plates were then packed in bacteriological greenhouse at 37°C for 7 days for acid
evaporation and membrane formation (Figure 6). After the drying of the porous membranes of
chitosan without and with the incorporation of the vegetable drug, in the concentrations of 5%

and 20%, they were removed from the greenhouse for the neutralization.
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Figure 5. (a) Weighing of the plant drug; (b) solution and drug plant in concentrations of 5%
and 20%; (C) Mechanical agitation for the dissolution of the plant drug in chitosan solution.

Source: MORAIS, 2017.

Figure 6. (a) 20 ML deposition of each solution obtained in Petri plates; (b) Chitosan solution
in Petri plates, packed in bacteriological greenhouse to 37°C.

Source: MORALIS, 2017.

2.4.4 Neutralization process with Ammonium Hydroxide
In the preparation of the ammonium hydroxide solution, 500 mL of distilled water

were dispensed in a flask for gas exhaustion of SPLabor in a volumetric flask, and 50 mL of
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ammonium was added, completing with distilled water until the final volume of 1000 mL was
reached .The porous membranes were neutralized with the ammonium hydroxide solution,
remaining the samples under the atmosphere of this solution, with the exhaust chapel
connected, for a period of 72 hours. The samples were then placed to dry at room temperature

(23 ° C) and then identified and stored individually in plastic bags (Figure 7).

Figure 7. (a) Ammonium hydroxide used in the preparation of the solution; (b) porous
membranes under the atmosphere in the exhaust chapel; (c¢) samples after drying at room

temperature; (d) individually stored samples.

e -

Source: MORAIS, 2017.

2.5 Characterization

The porous chitosan membranes developed were characterized by the Test of
Wettability and the Degree of Swelling with Phosphate buffered saline (PBS). The analyses
were performed at CERTBIO/UFCG.

2.5.1 Watering test

The angle of contact is defined as the angle between a plane tangent to a drop of the
liquid and a plane containing the surface where the liquid is deposited. The measurement of
the contact angle is an indicator of the wet action of every substance tested. A low contact
angle value indicates that the liquid wets well, understanding that a high value indicates a
worse wetting. From this, it has been reported that if the value of the contact angle is less than
90°, the liquid wets the surface; If it is greater than 90 ° no watering happens; and a contact

angle equal to zero represents complete wetting (LUZ, RIBEIRO e PANDOLFELLLI, 2008).
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For the performance of the assay, the porous membranes were cut into a dimension
of approximately 25 x 5 mm, employing a goniometer developed by some researchers of the
CERTBIO, three samples being obtained from each group of membranes. An undefined
volume of distilled water has been placed in the pipette, leaving a drop dripping on the
material to be evaluated. This procedure was repeated in triplicate for each variable, with
photographic images being carried out in sequence. Then they were sent to the Angle
Calculator program, which calculated the angle of the drop formed, checking whether the

material is hydrophilic or hydrophobic (figure 8).

Figure 8. (a) Goniometer; (b) Drop of distilled water under the surface of the sample.

Source: MORALIS, 2017.
2.5.2 Degree of swelling

This test was intended to evaluate the behavior of the material when immersed in a
solution with similar characteristics to the internal environment of the body. This is an great
importance experiment, since the absorption of liquid by the material can be an important
factor in the release of the drugs (CRUZ, 2015).

For the performance of the test, the porous membranes were cut with the aid of
scissors in the dimension of 1.0 x 1.0 cm, obtaining five samples from each group. Then the
samples were placed in the microprocessed greenhouse for STERILIFER bacteriological
culture at a temperature of 50° C for a period of 30 minutes in order to reduce the moisture of
the samples. Each sample was then properly weighed, dry, in precision analytical balance

BEL ENGINEERING, under the number: 11.05.03, before immersion in PBS solution.
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The PBS employed was that of Sigma Aldrich, the solution being prepared by
dissolving in 600 mL of distilled water and 3 tablets of PBS until complete homogenization.
Each sample will be immersed in 6mL of the PBS solution for a period of 24 h (Figure 9). In
sequence, the samples were removed from the solutions, and then were slightly dried on
absorbent paper to eliminate the excess of the solution, and the damp weight of each fragment

was measured on the same scale.

Figure 9. (a) Porous membranes; (b) Microprocessed greenhouse; (c) Dry weighing of
samples; (d) Samples immersed in PBS solution.

B

Source: MORAIS, 2017.

The calculation of the degree of swelling will be carried out according to the
following equation:
Gl = Mf- MO0 /MO
Where: GI - Degree of swelling
Mf - Final Mass (tumescent)
MO —Dry Mass

2.6 Statistical analysis

After the characterization, the results of the survey will be tabulated and presented in a
quantitative and qualitative way. The data generated will be transferred to EXCEL, where the
tensions for flexion in Mpa will be calculated. The software Origin® (Origin Lab Corporation,
Northampton, Maryland, USA), version 8.0, will also be employed in the construction of

some graphics.
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The Shapiro-Wilk tests were used to verify the normality of the data. The Anova
analysis was then used, comparing the means between the three groups, and this test was
significant. The Tukey test was still used with a significance level of 5%. Data analysis was

done in the BioEstat 5.0 Program.
2.7 Ethical considerations

This research had a laboratory character and no procedures were included in
patients/animals, nor the use of human teeth. Because of this, there will be no need for

evaluation by the Ethics Committee.

3. Results and Discussions

Twelve samples of chitosan membranes, identified as MQ (Chitosan membranes),
MQS5 (chitosan membranes with 5% of the vegetable drug extract) and MQ20 (chitosan

membranes with 20% of the vegetable drug extract) were obtained.

The samples presented a smooth, flat, homogeneous and flexible aspect, with lighter
color in the membranes of pure chitosan, which is associated with the absence of the Cissus
verticillata (L.) vegetable extract, an intermediate color (light green) in the membranes with
5% of the Extract of the vegetable drug, and a darker green color on the membranes with 20%
of the vegetable drug extract, thus demonstrating, the gradual increase of the extract is

associated with the darkening of the tonality of the samples.

3.1 Watering test results

The results of the watering test revealed that all membranes showed contact angle
values smaller than 90 °, indicating that the liquid wets the surface. The presence of the
vegetable drug interfered directly in the hydrophilic profile of the samples, promoting the

increase of the hydrophilic character of the same (Table 1).
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Table 1. Average wetting angles membrane group.

Groups Average
MQ 62,58°
MQ5 54,19°

MQ20 51,06°

Macédo (2009), evaluating the modification of plasma chitosan membranes, under the
atmosphere of different gases for biological use, it was found that the treatment of the
samples, in most gaseous spheres, promoted the increase of wettability, compared with the
membranes untreated. This increase was related to the chemical changes caused by the

treatment of samples.

Fernandes (2009) observed in his studies that the membranes of pure chitosan,
immersed in water, presented less swelling when compared with membranes of chitosan with
chondroitin sulfate. The study reveals that the angle of contact between chitosan membranes
and water tends to decrease with the increase in the degree of deacetylation of the chitosan,
and that the affinity with the water is related to the presence of free amino groups, which are

reduced by the addition of the sulphate of chondroitin.

In carrying out watering analysis in scaffolds with different concentrations of the
Cissus verticillata (L.), Rosendo (2016) observed that all samples presented a measure of
contact angle less than 90 °, revealing the hydrophilic profile of them. In addition, the study
demonstrated that the presence of the vegetable drug has interfered in a positive manner in

the hydrophilic character of these scaffolds. This data corroborates the present study.

The results of this analysis also corroborate those of Lima (2010) which, analyzing
chitosan membranes and formulations of chitosan with the incorporation of insulin, verified a
general tendency of reduction of the contact angle in the samples that possessed 50 IU of
artificial insulin,, compared to those that did not have insulin, indicating a greater hydrophilic

character of this material.
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3.2 Swelling test Results

The swelling test revealed that the samples presented the averages of the
correspondingly higher masses in the tumescent form than in the dry condition. The
difference between these averages ranged from 0.0176 to 0.0351 grams. The chitosan has in
its structure groupings amine (NH) and hydroxyl (OH) that give a hydrophilic character to the
membrane (MACI:ZDO, 2009). In this way, it was evident that the samples presented a high
absorption/retention capacity of the PBS solution, observing that the samples absorbed on

average more solution than their own weights (Table 2).

Table 2. Swelling per group of membranes

Groups Starting Weight Final Weight Swelling
MQ 0,02046¢g 0,04468¢ 0,02422¢
MQ5 0,02012¢g 0,04514¢ 0,02502¢g
MQ20 0,0271g 0,0605¢g 0,0334¢g

Assis e Silva (2003), performing the characterization of the structure and capacity of
water absorption in fine membranes of chitosan processed in various concentrations, by
immersing in distilled water (PH 5.6) of these samples at room temperature, they observed, by
the measured values, a considerable water absorption, and that the resulting mass gain is
related to the concentration of chitosan in the samples presenting, in this way, an exponential

type behavior.

Macédo (2009) analyzing plasma-Modified chitosan membranes for biological use,
found that: in samples treated with air, H2, N2, O2 and immersed in distilled water at room
temperature for 24 hours there was an increase in the degree of swelling; while in methane-
treated membranes there has been a decrease in these indices, conferring hydrophobic

character to these samples.

Studies of Llanos (2014) on the physical properties of chitosan films doped as ionic
conductors, the swelling of membranes was observed neutralized with NaOH solution in three

different concentrations, immersed in buffer solution phosphate with pH 5 and 9 and
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compared with untreated membranes. After an initial and increasing mass gain due to water
absorption, the membranes tended to weight stability and then there was a loss of mass for the
solution, which was related to the pH of the immersion solution, and also to the concentration

and type of base used for neutralization.

The results of this study corroborate those of Sampaio et al. (2012), which developed
and characterized scaffolds of chitosan and chitosan reticulate with genipina in different
concentrations, keeping them in contact with the PBS solution for 24 hours and Presenting, at

the end of the analysis, a high capacity of swelling in all compositions.

4. Conclusions

o The process used to obtain the membranes of chitosan and chitosan/Cissus
verticillata (L.) Nicolson & C. E. and Jarvis proved effective.

° The surface of the chitosan and chitosan / Cissus verticillata (L.) Nicolson & C.
E. Jarvis membranes presented himself in a smooth, flat, and uniform manner.

o The degree of swelling evidenced that the averages of the masses of the chitosan
and Chitosan/Cissus verticillata (L.) Nicolson and C. E. and Jarvis membranes were
correspondingly higher in the tumescent form than in the dry condition.

. The wetting test demonstrated that all samples presented a hydrophilic profile and
that the presence of the vegetable drug promoted an increase in the hidrofilicidade of the
membranes.

. In this way, after the characterisations, one can also conclude that the chitosan and
chitosan/Cissus verticillata (L.) Nicolson & C. E. and Jarvis membranes, presented favorable
and expected characteristics for the use of them as biomaterial in patients carrying diabetes

mellitus type 2.
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4 CONSIDERACOES FINAIS

o O processo utilizado para a obtencdo das membranas de quitosana e de
quitosana / Cissusverticillata (L.) Nicolson& C.E.Jarvis mostrou-se eficaz.

o A superficie das membranas de quitosana e de quitosana / Cissusverticillata
(L.) Nicolson& C.E.Jarvis apresentou-se de maneira lisa, plana e uniforme.

o O grau de intumescimento evidenciou que as médias das massas das
membranas de quitosana e de quitosana / Cissusverticillata (L.) Nicolson& C.E.Jarvis
foram correspondentemente mais elevadas na forma intumescida do que na
condigao seca.

o O teste de molhabilidade demonstrou que todas as amostras apresentaram um
perfil hidrofilico e que, a presengca da droga vegetal, promoveu um aumento na
hidrofilicidade das membranas.

o Desta forma, ap6s as caracterizacbes, pode-se ainda concluir que as
membranas de quitosana e de quitosana / Cissusverticillata (L.) Nicolson&
C.E.Jarvis, apresentaram caracteristicas favoraveis e esperadas para a utilizagéo
das mesmas como biomaterial em pacientes portadores de diabetes melito tipo 2.
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