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RESUMO

O emprego de enxaguatorios bucais € um recurso importante na manutencdo da saude oral,
uma vez que pode prover as limitagdes da higienizag&o tradicional mecanica, devido ao maior
acesso as bactérias do biofilme dental. A vantagem da utilizacdo de Oleos de plantas
medicinais como emulsdes em produtos € a potencializagdo de uma gama de propriedades
bioldgicas e organolépticas que podem conferir as formulagBes, uma vez que podem atuar
como agentes antimicrobianos, inibidores da produgdo de &cidos e sulfetos volateis por
bactérias  orais, antioxidantes, antiinflamatorios aromatizantes e flavorizantes
simultaneamente. Dessa forma, este trabalho teve por objetivo desenvolver enxaguatério
bucal contento emulsdo de 6leo fixo de licuri, caracterizar através de cromatografia gasosa,
pH, aspectos macroscopicos e microscopico, potencial zeta, reologia, e tamanhos de
goticula,etc), em seguida, avaliar seu potencial bactericida frente bactérias promotoras de
caries e outras afec¢des orais (S. mutans, S. salivarius, L. acidophilus, S. aureus, E. coli, C.
albicans), bem como analisar sua toxicidade sob C. elegans, juntamente com o HET-CAM
(umas das andlises toxicoldgicas para regularizacdo de cosméticos pela ANVISA) e estudo de
interacdo pelo método checkerboard. O enxaguatorio bucal formulado a base 6leo fixo de
licuri apresentou resultados promissores, através do diagrama de fases pseudoternario foram
plotados 99 pontos dos quais 4 apresentaram-se como microemulsdes e 43 como emulsdes
liquidas, as principais formulacBes foram caracterizadas, testadas frente suas estabilidades e
avaliadas por meio da determinacdo de suas concentracdes inibitdrias minimas (CIM) sob
microorganismos envolvidos em patologias orais, onde a concentracdo minima foi entre 15
png/mL. As microemulsdes avaliadas apresentaram-se como sistemas transllcidos e estaveis,
com o pH entre 6,5 e 7, viscosidade entre 33 a 43 mPa.s, j& as emulsBes apresentaram-se
como solugdes liquidas e opacas com coloracdo branca, pH entre 5,5 e 6,5. Os microemulsGes
(MEs) testadas, ap0s as 24h iniciais do experimento ndo apresentaram toxicidade frente C.
elegans, fazendo com que este tempo tivesse efeito quase que imperceptivel inclusive na
maior concentracdo testada. O efeito letal agudo das MEs se tornaram evidente para adulto de
C. elegans obtendo uma CLsg de 6,41% do 6leo de licuri para 72h de experimento. Ja as
emulsdes formuladas, dadas por Enxaguatorio bucal propriamente dito, apresentou maior
estabilidade, ofereceu sinergia (CIF<0,5) com o Oleo essencial de menta (usado como
flavorizante), obteve resultados bastante satisfatorio na atividade antimicrobiana onde
apresentou CIM de 17,5 pg/mL frente S. mutans resistente, 17,5 pg/mL frente S.
salivares,17,5 pg/mL frente L. acidofilos, 15 pg/mL frente S. aureus, 15 pug/mL frente C.
albicans, do qual ndo houve crescimento. No teste agudo frente C. elegans do enxaguatdrio
bucal a base de 6leo de licuri e de um enxaguatério bucal comercial (a base de cloreto
cetilpiridinio), o enxaguato6rio a base de licuri apresentou menor toxicidade em relagdo ao
enxaguatorio comercial, onde a mortalidade foi de 18% contra 90%, respectivamente. Tal
estudo evidenciou o elevado potencial do 6leo de licuri promovendo o desenvolvimento de
novas tecnologias, formacdo e capacitagdo de recursos para uso humano desenvolvendo novas
estratégias no estudo frente afeccdes orais. E neste ambito académico e social que se justifica
tal importéncia do 6leo de licuri.

Palavras-chave: Plantas medicinais. Licuri. Syagrus coronata. C. elegans. microemulséo.



ABSTRACT

The use of mouthwashes is an important resource in the maintenance of oral health, since it
can provide the limitations of traditional mechanical hygiene because of the greater access to
the bacteria of the dental biofilm. A great advantage of the use of medicinal plant oils as
emulsions in products is the potentiation of a range of biological and organoleptic properties
which they can confer to the formulations, since these oils can act as antimicrobial agents,
inhibitors of the production of acids and volatile sulfides by oral bacteria, antioxidants, anti-
inflammatories, flavoring and flavoring simultaneously. Thus, this work aimed to develop
buccal mouthwash containing fixed licuri oil emulsion, characterize by gas chromatography,
pH, macroscopic and microscopic aspects, zeta potential, rheology, and droplet sizes, etc.),
then evaluate (S. mutans, S. salivarius, L. acidophilus, S. aureus, E. coli, C. albicans) as well
as to analyze its acute and nematicidal toxicity under C. elegans , together with HET-CAM
(which refers to one of the minimum toxicological analyzes for regularization of cosmetics by
ANVISA) and a study of interaction by the checkerboard method. The mouthwash formulated
with fixed oil of licuri presented promising results, through the pseudoternary phase diagram
were plotted 81 points of which 7 presented as microemulsions and 43 as liquid emulsions,
the main formulations were characterized, tested against their stabilities and evaluated by
determining their minimum inhibitory concentrations (MIC) under resistant S. mutans, where
the minimum concentration was 10 pg/mL. The microemulsions were presented as translucent
and stable systems with a pH between 6.5 and 7, viscosity between 33 and 43 mPa.s, and the
emulsions presented as liquid and opaque solutions with white coloration, pH between 5, 5
and 6.5. The microemulsions (MESs) tested after the initial 24 hours of the experiment did not
present toxicity to C. elegans, causing this time to have an almost imperceptible effect even in
the highest concentration tested. The acute lethal effect of MEs became evident for adult C.
elegans obtaining a LC50 of 6.41% of the licuri oil for 72h of experiment. On the other hand,
the formulated emulsion, given by Mouthwash proper, presented greater stability, offered
synergy (FIC <0.5) with the essential oil of mint (used as flavoring agent), obtained quite
satisfactory results in the antimicrobial activity where it presented 17.5 pg/mL versus S.
aureus, 15 ug/mL versus S. aureus, 17.5 ug/mL versus S. salivares, 17.5 pg/mL C. albicans,
from which there was no growth. In the acute test against C. elegans from the mouthwash
with a licuri oil base and a commercial mouthwash (Cepacol), the licuri-based mouthwash
showed less toxicity than the commercial mouthwash, where mortality was 18% versus 90 %,
respectively. This study evidenced the high pharmacological value of licuri oil, promoting the
development of new technologies, training and capacity building for human use, developing
new strategies in the study of oral diseases. It is in this academic and social context that such
importance is justified for the licuri oil.

Keyworlds: Medicinal plants. licuri. Syagrus coronata. C. elegans. microemulsion.
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1 INTRODUCAO

O conhecimento das propriedades medicinais das plantas pelo homem se estendeu por
um longo processo evolutivo, durante o qual, o homem foi observando e selecionando as
plantas para garantir sua alimentagdo e atenuar seus males e doencas. Na atualidade, essa
pratica ainda persiste, e aproximadamente 80% da populacgdo a utiliza como Unica ou primeira
opcao de tratamento de doencga ou em associacdo com farmacos sintéticos (SASIDHARAN et
al.,, 2011). No Brasil, o uso da medicina tradicional a base de plantas medicinais e
medicamentos fitoterapicos pelo Sistema Unico de Sadde (SUS) mais que duplicou nos
ultimos anos, especialmente entre 2013 e 2015 e de acordo com o SUS (2016), a procura por
estes tratamentos aumentaram o equivalente a 161%.

A Organizacdo Mundial da Saude reconheceu, em 1976, o potencial dos fitoterapicos e
desde 1977 vem recomendando estudos nessa area (Resolucdo WHA 30.49). Em 1978,
através da Resolucdo WHA 31.33, a organizacdo mundial de saide (OMS) recomendou uma
padronizacdo das plantas medicinais com relacdo a seguranca, eficacia, identificacao,
purificacdo e producdo. Além disso, estimulou investimentos publicos em plantas medicinais,
fato que contribui para a fitoterapia ter um importante papel na salde, especialmente nos
paises em desenvolvimento (WHO, 1978).

A utilizagdo da fitoterapia nos Servicos de Salde e nas Universidades Federais teve
inicio em 1995 pela Resolucdo 8/88 que foi elaborada pela Comissdo Interministerial de
Planejamento (CIPLAN). Os fitoterapicos sdo considerados remédios e sua regulamentacéao
pela ANVISA foi implementada com base nos critérios de regulamentacdo praticados na
Europa. Cerca de 25% dos medicamentos prescritos no mundo séo de origem vegetal, com
inimeras finalidades inclusive com a indicacdo na saude bucal (ANVISA, 2014).

Na odontologia existe uma preocupacdo com o desenvolvimento do biofilme bacteriano
devido ao seu potencial cariogénico, cujo controle é importante ndo apenas para prevencao,
mas por também abranger o tratamento da carie, da doenca periodontal e manter a saude
bucal. Esse controle pode ser efetivado pelos métodos mecanicos, como escovagao e uso de
fio ou fita dental, bem como pelo método quimico utilizando antibi6ticos, compostos
quaternarios de amonio, acetato e gluconato de clorexidina (MARION et al., 2013). Em
relagdo aos meétodos quimicos, existem ainda 0s enxaguatorios bucais que controlam o
biofilme bacteriano. A clorexidina destaca-se como o antisséptico mais eficiente, entretanto,

apresenta efeitos colaterais ndo desejaveis a longo prazo, como respostas inflamatorias,
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genotoxicidade, citotoxicidade e edema (MONFRIN RIBEIRO, 2000; TANOMARU FILHO
et al., 2002; AQUINO et al., 2008; MARION et al., 2013).

O emprego de enxaguatorios bucais estabeleceu-se como recurso para a higienizacédo
oral, principalmente devido a sua facil utilizacdo, refrescancia, palatabilidade e acesso as
bactérias, mesmo em &reas de maior dificuldade, complementando assim as limitacfes da
higiene oral mecénica. Vale salientar que o beneficio adjuvante dos enxaguatérios pode ser
particularmente importante para usuarios com menor destreza ou impossibilidade de realizar
uma escovacao adequada, como criangas, idosos e enfermos (SOUSA, 2014).

Extratos, 6leos de plantas e seus compostos isolados tém apresentado potencial
antibacteriano contra varios patégenos orais (CAETANO, 2014; MACHADO; OLIVEIRA,
2014; SILVA, 2014; MOURA, 2015). Estudo realizado com enxaguatérios bucais contendo
oOleos essenciais apontou eficiéncia na inibicdo da producdo de sulfetos volateis por bactérias
orais, que sdo as substancias de odor desagradavel responsaveis pela halitose (BRITTO et al.,
2009). Muitos 06leos essenciais e fixos compartilham efeitos anti-inflamatorios e antioxidantes
(MIGUEL, 2010), propriedades que podem associar valor terapéutico as formulagoes.

A vantagem da utilizacdo do 6leo fixo de licuri é a grande concentracdo do acido
laurico, do qual é bastante conhecido por suas propriedades nutricionais e por seus beneficios
a salude humana, o &cido laurico é encontrado desde o 6leo de coco até o leite materno
(CARVALHO; COELHO, 2009; LIEBERMAN; PREUSS, 2006; MIRANDA, 2011).
Adicionalmente, a utilizacdo de principios ativos de origem organica em formulacdo de
emulsdo e microemulsdo podem aumentar a eficiéncia desses produtos (BASTO et al., 2016).
Desta forma, o uso e desenvolvimento de novas tecnologias frente produtos das regioes

semiaridas promoverdo a valorizacao dessas regides no contexto social e académico.
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1.1 OBJETIVOS

1.1.1 Objetivo Geral

Realizar uma revisdo de literatura enfocando emulsdes como sistemas de liberacao

controlada de farmaco e posteriormente formular um enxaguatorio bucal contendo 6leo de

licuri e testar em ensaios bioldgicos.

1.1.2 Obijetivos Especificos

v

Formular emuls6es e microemulsdes com 6leo de licuri atraves do diagrama de fases
pseudoternario;

Avaliar e selecionar as melhores formulacGes das emulsdes e microemulsdes com o
oleo fixo de licuri através de aspectos macroscopicos e microscopicos;

Testar a estabilidade preliminar das emulsdes e microemulsoes;

Avaliar in vitro a atividade antimicrobiana das emulsdes e microemulsdes frente a
microorganimos da cavidade bucal,

Formular um enxaguatério bucal contendo O6leo de licuri e determinar sua
caracterizagdo fisico-quimica e o seu potencial sinérgico com o 6leo de menta pelo
método checkerboard;

Avaliar a atividade antibacteriana do enxaguatério bucal sobre microorganismos
bucais através da concentracdo inibitoria minima;

Determinar o potencial de irritabilidade e de toxicidade do enxaguatdrio bucal,

comparando-0 com enxaguatorio comercial.
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2 REVISAO DE LITERATURA

2.1 POTENCIAL FARMACOLOGICO DAS PLANTAS MEDICINAIS

Planta medicinal é aquela administrada sob qualquer forma e por alguma via ao homem,
desempenhando algum tipo de acdo farmacoldgica. As plantas podem ser rotuladas de acordo
com sua ordem de importancia, dando inicio pelas plantas utilizadas diretamente na
terapéutica, seguidas das que constituem a matéria-prima para manipulacéo e, por ultimo, das
utilizadas na industria para aquisi¢cdo de principios ativos ou como precursores em semi-
sintese. As plantas medicinais tém sido tradicionalmente empregadas no tratamento de varias
enfermidades e sua aplicacdo abrange desde o combate ao cancer até aos microrganismos
patogénicos (DAGLIA, 2012).

Além do uso na medicina popular com intuitos terapéuticos, as plantas medicinais tém
colaborado, ao longo dos anos, para a obtencdo de varios farmacos vastamente utilizados na
clinica, como a emetina, a vincristina, a colchicina e a rutina. A todo momento sdo
relacionadas na literatura novas moléculas, algumas de acentuada acdo farmacoldgica
(COSTA-LOTUFO et al., 2010). Até meados do século XX, as plantas medicinais e seus
derivados formavam a base da terapéutica medicamentosa, contudo, a sintese quimica,
iniciada somente no final do século XI1X promoveu uma impetuosa fase de desenvolvimento,
afetando drasticamente a procura por tratamentos tradicionais. Cerca de 50% dos
medicamentos sdo de origem sintética e em torno de 25% sao de origem vegetal isolados ou
produzidos por semi-sintese (CALIXTO, 2000; MONTANARI; BOLZANI, 2001).

Embora o grande aumento da sintese quimica e dos processos biotecnoldgicos,
aproximadamente 25 % dos medicamentos prescritos nos paises industrializados sdo oriundos
das plantas. Os farmacos de origem natural presentes no mercado, sdo na grande maioria,
provenientes das pesquisas cientificas de paises orientais (ANTONIO; TESSER; MORETTI-
PIRES, 2013).

As plantas medicinais tém sido uma inestimavel fonte para obtencdo de moléculas para
serem utilizadas terapeuticamente. Inimeras substancias isoladas de plantas permanecem
sendo fontes de medicamentos como, por exemplo, os glicosideos cardiotdnicos obtidos da
Digitalis, usados para insuficiéncia cardiaca (FARDIN et al., 2016).

Projetos financiados por orgédos publicos e privados vém sendo instituidos com maior
frequéncia e interesse nos Ultimos anos. Nos anos 70, nenhuma das grandes companhias
farmacéuticas mundiais mantinha programas nesta linha, todavia, atualmente isto tem sido

prioridade na maioria delas. Entre os elementos que tém contribuido para o crescente interesse
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nas pesquisas estd a comprovada eficicia de substancias originadas de espécies vegetais,
como os alcaldides da vinca que apresenta atividade antileucémica, ou do jaborandi, com
atividade antiglaucoma, sendo consideradas infaliveis no tratamento (FOGLIO et al., 2006;
FARDELONE; BRANCHI, 2016).

2.2 CAATINGA

A Caatinga, bioma tipico do sertdo do Nordeste brasileiro, distribui-se, de modo geral,
numa regido de clima semiarido, que exibe insolacdo e temperatura elevada e baixa
nebulosidade. Essa regido apresenta duas estacdes do ano bem definidas, sendo uma seca com
periodos alongados e uma com chuvas, encurtada, permanecendo desta forma toda a regido
propensa a grandes periodos de estiagem que reproduzem diretamente nas condi¢bes de
constancia de determinadas populacGes enraizadas. Em decorréncia de todas essas condicdes,
esse territdrio foi demarcado pelo Conselho Nacional de Geografia em 1949 e denominada de
Poligono das Secas (DUQUE, 1980). Os impactos dessas circunstancias ecoldgicas
repercutem na cobertura vegetal e no solo, que normalmente é pouco friavel e desgastado.

Localizada entre os paralelos de 2°54°S e 17°21°W (PRADO, 2003), a Caatinga ocupa
uma area com cerca de 844.453 kme, o equivalente a 11% do territdrio nacional. Essa regido
apresenta uma das areas de maior biodiversidade do mundo e se destaca por sua riqueza
ambiental, tanto de fauna quanto de flora, com muitas espécies ocorrendo somente neste
bioma (AVANCINI; TEGA, 2013). Além disso, a Caatinga apresenta grande heterogeneidade
vegetacional caracterizada por diferentes fisionomias e elevado endemismo (AVANCINI;
TEGA, 2013).

Com sua vegetacdo bastante diversificada é representada por cerca de 4.547 espécies,
159 familias e 1.141 géneros (FORZZA et al.,, 2013) e 318 espécies sdo consideradas
endémicas (PRADO, 2003; TABARELLI; SILVA, 2003; GIULIETTI et al., 2004). Estudos
realizados em diferentes estados do Nordeste evidenciam que a vegetacdo da Caatinga possui
grande potencial, além de apresentarem uma grande importancia ecoldgica. Essa formacao
vegetacional abriga um consideravel potencial econémico, com espécies que podem ser
utilizadas tanto como forrageiras quanto como frutiferas, madeireiras e de vasto uso medicinal
(ALBUQUERQUE, 2000; MAIA, 2004).

Sendo um dos principais biomas brasileiros, a Caatinga exibe inimeras espécies que sao
utilizadas de modo amplo pela populacéo local nas mais variadas atividades, consistindo desta
forma, uma realidade continua ao longo de décadas na regido. Esse cenario tem se tornado

inquietante, j& que além da insuficiente realizacdo de trabalhos analogos a catalogagédo da
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flora nativa, este bioma encontra-se entre 0os mais modificados e ameacados pela acdo do
homem. Em raz&o disso, tem sido classificado como o bioma brasileiro mais critico no que se
refere a conservacdo (SOUZA, 2013). O estudo e a conservacdo da biodiversidade da
Caatinga constituem-se num dos maiores desafios do conhecimento cientifico brasileiro pelo
fato da Caatinga ser limitada ao territorio nacional e também por ser, proporcionalmente, a
regido menos estudada e menos protegida, onde apenas 1% do seu territério encontra-se em
unidades de conservacdo (TROVAO et al., 2007; ARCOVERDE et al., 2014). Dessa forma, a
Caatinga tem sido vitimada por um longo processo de perturbacéo e deterioracdo ambiental
provocada pelo uso insustentavel de seus recursos (TROVAO et al., 2007; AVANCINI;
TEGA, 2013).

2.3 Syagrus coronata (LICURI)

O oleo fixo de licuri é extraido da améndoa da espécie Syagruscoronata(Martius)
Beccari. (Figura 1) pertencente & familia Arecaceae, subfamilia Arecoideae, tribo Cocoeae,
subtribo Butineae (NOBLICK, 1991). Essa subfamilia € a maior entre as Arecoideae,
reunindo atualmente 115 géneros e 1500 a 2800 espécies em todo o mundo (UHL;
DRANSFIELD, 1987; HENDERSON et al., 2000). O licuri € uma palmeira nativa das regioes
secas e aridas encontrada em todo Nordeste do Brasil e sua cultura € importante para o
desenvolvimento socioecondémico das comunidades da regido. Como existem limitacGes do
solo e do clima para a agricultura, a exploragdo do licuri pode ser uma boa fonte de geracao
de renda (BELVISO et al., 2013).

Figura 1. Infrutescéncia do Licuri Fonte: Belviso et
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O Oleo de licuri é extraido da améndoa presente no fruto do licurizeiro, o qual é
vastamente conhecido por seu valor nutricional, por conter nutrientes como cobre, ferro,
manganés, zinco, calcio e magnésio, além de ser rico em betacaroteno. Ja a améndoa contém
ferro, manganés e selénio (CREPALDI et al., 2001). Tais propriedades garantem um bom
funcionamento dos sistemas nervoso e imunoldgico, previnem a osteoporose e fortalece os
0ssos, além de prevenir aterosclerose, problemas cardiacos, artrite reumatdide, infeccdes,
hipoglicemia, inflamagdes, lupus, além de outros problemas (GELEIINSE, 1994; HITOSHI et
al., 1995; ANJO, 2004; KONOFAL et al., 2004; MORAES; COLLA, 2006).

O 6leo do licuri pode ser também usado para producdo de biodiesel, na industria
farmacéutica e na industria de cosméticos. Esse 0leo ja é considerado o melhor do Brasil para
a producdo de sabdo, no entanto, outras propriedades sdo raramente exploradas em virtude dos
poucos estudos realizados (LEAL et al., 2013).

Sua composic¢do de &cidos graxos é similar a do 6leo de coco, razdo pela qual possuem
beneficios similares. Com propriedade emoliente, o 6leo do licuri promove boa
espalhabilidade e alta penetracdo na pele para emulsbes, além de também agir na prevencao
de feridas e melhorar a elasticidade dérmica. Adicionalmente, apresenta baixa acidez e alta
estabilidade, garantindo ampla aplicabilidade. O referido 6leo pode ser usado na preparacao
de emulsGes e formulagdes cosméticas, como aerossois, cremes, locdes, batons, entre outros e
ainda ser utilizado diretamente na pele ou nos cabelos (LEAL et al., 2013).

O Gleo de licuri apresenta diversos beneficios a satde devido aos &cidos graxos (AG) de
cadeia média nele presentes. Segundo Segall et al. (2004) os trés principais acidos graxos
presentes no 6leo sdo o acido laurico (36%), o acido caprilico (24%) e o &cido caprico (14%).
Esses &cidos podem ser também utilizados como suplementos alimentares j& que auxiliam na
reducdo do acumulo de gordura. Promovem saciedade, liberam energia e auxiliam no
funcionamento do metabolismo, razdo pela qual podem atuar no processo de perda de peso
(BELVISO et al., 2013).

Sabe-se que o 6leo fixo de licuri apresenta capacidade antioxidante (BELVISO et al.,
2013), no entanto, existem poucos relatos na literatura, especialmente sobre os dleos de
plantas da familia Arecaceae. Apenas Belviso et al. (2013) e Silva Bessa et al. (2016)
estudaram os 6leos volateis dos frutos do licuri. As atividades biologicas registradas para as
especies de Syagrus sdo raras, sendo S. coronata e S. oleraceae as espéecies mais estudadas
(SILVEIRA et al., 2005; HUGHES et al., 2013).

Estudos utilizando acidos graxos e éleos essenciais extraidos da améndoa de Syagrus

coronata mostraram forte atividade contra cepas de Staphylococcus aureus isolados de
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material clinico (SILVA BESSA et al., 2016). A atividade antimicrobiana do extrato etanélico
do epicarpo/mesocarpo dos frutos e do extrato hexanico das améndoas frentes as bactérias
Staphylococcus aureus, Enterococcus faecalis, Pseudomonas aeruginosa e Escherichia coli,
foi evidenciada por Silveira et al. (2005). Esses autores ainda relataram que a atividade
antibacteriana aumenta com a diminuicdo da polaridade dos extratos, exceto frente ao S.
aureus, no qual o extrato etanodlico apresentou inibicdo superior ao microorganismo em
comparacdo com a particdo em acetato de etila. Devido a isso foi sugerido que substancias
presentes nos extratos hexanicos sao, provavelmente, as principais responsaveis pela atividade

antimicrobiana de S. oleracea.

2.4 ACIDOS GRAXOS

Os acidos graxos sdo conhecidos como &cidos monocarboxilicos alifaticos e
vulgarmente conhecidos como 6leos gordos ou 0leos fixos, sendo vastamente distribuidos
entre os vegetais e comumente permanecem ligados a agucares, glicerol e grupos fosfatos para
formar lipidios (DESBOIS et al., 2010; RUIZ-RODRIGUEZ et al., 2010; LIMA et al., 2011).

O numero de atomos de carbonos dos acidos graxos variam entre 4 e 28, sendo que
aqueles com cadeias contendo numero inferior a oito carbonos sao referidos como éacidos
graxos de cadeia curta e acima de 16 carbonos sdo designados como de cadeia longa.
Independentemente do &cidos graxos eles apresentam em uma de suas extremidades um grupo
carboxila e na outra um grupo metila (DESBOIS; SMITH, 2010).

Os é&cidos graxos sdo distribuidos de acordo com o tipo de ligagcdes entre atomos de
carbono. Quando possuem apenas ligacOes simples séo referidos como saturados, no entanto
se tiverem ligacGes duplas sdo designados de acordo com o nimero delas. Sao classificados
como monoinsaturados os que apresentam uma ligacdo dupla em toda a molécula e poli-
insaturados, quando apresentam mais de uma ligacdo dupla (DESBOIS; SMITH, 2010;
RUIZ-RODRIGUEZ et al., 2010).

Os é&cidos graxos apresentam varias atividades bioldgicas, incluindo antimicrobiana,
citotoxica, antioxidante e de sinalizacdo (DESBOIS; SMITH, 2010; MEZNI et al., 2012). A
atividade antibacteriana de cada acido graxo é influenciada por sua estrutura e forma,
ressaltando-se que o comprimento da cadeia a presenca, 0 nimero, a posicao e a orientacdo
das ligacOes duplas interferem em sua atividade (DESBOIS; SMITH, 2010).
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2.5 EMULSOES

Sao dispersdes nas quais a fase dispersa é constituida por pequenas goticulas de liquido
distribuidas em um veiculo no qual séo imisciveis e podem formar macroemulsées (tamanho
das goticulas varia de 100 a 100.000 nm) ou microemulsdes (tamanho das goticulas varia de
10 a 100 nm e apresentam transparéncia). As emulsdes podem ter variadas viscosidades e sua
consisténcia varia de liquida a semi-sélida (TEH et al., 2008).

EmulsGes apresentam-se como um sistema termodinamicamente instavel, portanto, ndo
se formam espontaneamente, sendo necessario fornecer energia para forma-las através de
agitacdo, de homogeneizadores ou de processos de spray. De acordo com a hidrofilia ou
lipofilia da fase dispersante, esses sistemas séo classificados como 6leo em agua (O/A) ou
agua em oleo (A/O) conforme descrito por Teh et al. (2008).

As emulsdes sdo sistemas estabilizados cineticamente pela acdo de agentes tensoativos
ou emulsificantes também denominados de surfactantes, que sdo substancias capazes de
diminuir a tenséo interfacial do sistema e formar um filme, ao redor dos glébulos da fase
dispersa com propriedades estéricas e eletrostaticas, estabilizando o sistema. Um exemplo de
alimento emulsionado é a maionese, na qual a gema de ovo contém o fosfolipideo lecitina que
estabiliza a emulsdo do azeite na agua (TEH et al., 2008).

Os tensoativos sdo compostos por moléculas anfifilicas que se fixam na interface, entre
a fase dispersa e a dispersante, tendo a dupla funcdo de reduzir a tensdo interfacial e
estabilizar o sistema postergando fendmenos de instabilidade que poderdo causar a separacao
das fases do sistema. Os principais fendmenos de instabilidade observados em emuls@es sdo
floculacéo, cremeacéo e coalescéncia (SCHUELLER; ROMANOWSKI, 1998).

Devido ao pequeno tamanho de particulas, caracterizam-se como macroscopicamente
transparentes ou transltcidas (ZANIN et al., 2002; JAFARI et al., 2008). Alguns aspectos
fisico-quimicos desses sistemas coloidais sdo determinantes para a estabilidade, que se mostra
superior aos sistemas macroemulsionados. Microemulsfes sdo cineticamente mais estaveis
(SOLANS et al., 2005).

As microemulsdes podem ser formadas por processos de alta energia (dispersdo) que
fazem uso da energia mecénica ou mecanismos de baixa energia de emulsificacdo
(condensacdo) que fazem uso da energia quimica armazenada no sistema. Nos métodos de
alta energia de emulsificacéo, essa € alcancada através de homogeneizadores de alta pressao
ou geradores de ultrassom, para promover o cisalhamento capaz de deformar a particula. A

aplicacdo de alta energia gera forgas que podem romper as gotas da fase dispersa, de forma
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que a diferenca entre as pressoes, interna e externa da gota, sejam superadas (SOLANS et al.,
2005).

Segundo Thadros et al. (2004) as vantagens das microemulsées como produtos
cosmeticos ou farmacéuticos sdo: cobrir extensa &rea cutinea, devido ao tamanho das
particulas, sendo indicados como sistemas para liberacdo de ativos na pele; podem penetrar
através da superficie aspera de peles ressecadas; 0 pequeno didmetro das particulas permite a
deposicdo uniforme nos substratos; a molhabilidade, espalhabilidade e penetracdo podem ser
aumentadas como resultado da baixa tensdo superficial do sistema e da baixa tensdo
interfacial das goticulas O/A; aspectos fisicos, como transparéncia e fluidez, e auséncia de
espessantes podem garantir excelente aspecto estético e sensorial na pele e podem ser
substitutas de lipossomas e vesiculas que sdo menos estaveis, permitindo em alguns casos a

formacédo de fases cristalinas lamelares ao redor das goticulas da microemulsao.

2.6 BIOFILME E A MICROBIOTA ORAL

Nos ultimos dois milhdes de anos, 0s seres humanos e seus microorganismos comensais
evoluiram em conjunto e se tornaram gradativamente dependentes uns dos outros (LEY et al.,
2008). No comeco da década de 90, pesquisadores e cientistas acreditavam que o
sequenciamento do genoma humano seria o suficiente para compreender as bases e 0s
mecanismos de funcionamento do nosso organismo. Entretanto, atualmente é entendido que a
analise do genoma humano é apenas uma parcela a composicdo genética de nossos corpos, em
funcdo do vasto microbioma que nos habita (AVILA et al., 2009).

Registros fdsseis contribuiram para a conclusdo de que 0s microorganismos se
organizavam em comunidades espacialmente organizadas ha aproximadamente 3,25 bilhGes
de anos (ALLWOOD et al., 2006). Essas comunidades, também denominadas biofilmes,
iniciam-se com a adesdo de colonizadores primarios a uma superficie bi6tica ou abidtica, a
partir de sinais especificos como a disponibilidade de nutrientes do meio, temperatura,
osmolaridade, pH e concentracGes de ferro e oxigénio (O'TOOLE et al., 2000; MARSH,
2010).

A organizacao inicial é essencialmente controlada por interacdes i6nicas e hidrofobicas
entre a parede celular do colonizador e as moléculas adsorvidas na superficie (MILLEZI,
2012). Apos a colonizagdo primaria, ocorre a agregacdo de colonizadores secundarios
(interacdo célula-célula) através da liberacdo de proteinas de adesdo e polissacarideos pelas
células aderidas e em seguida pela deposicdo de multicamadas microbianas (VON SOHSTEN
MARINHO; SILVA ARAUJO, 2008). O passo seguinte é caracterizado pelo aumento da
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densidade celular e espessura do biofilme devido tanto a multiplicacdo dos microorganismos
aderidos quanto pela adesdo de novos microorganismos. Por fim, atingida a etapa de
maturacdo desse complexo dindmico e tridimensional, a massa bacteriana € liberada e 0s
microorganismos desprendidos podem colonizar novos ambientes (MILLEZI, 2012).

Os biofilmes ndo incluem somente microorganismos, uma vez que sdo constituidos
principalmente de &gua e matéria organica, a qual corresponde todo material extracelular
produzido, bem como qualquer material aprisionado dentro da matriz resultante, como
particulas de proteinas, lipideos, fosfolipideos, carboidratos, sais minerais e vitaminas
(MACEDO, 2000).

A transicdo de células plancténicas (livres) para células organizadas em comunidades
aderidas a uma superficie gera diversas mudancas e adaptagdes como a expressdo de grandes
guantidades de exopolissacarideos para formacdo da matriz extracelular, alteracdo da
expressdo génica e inducdo de um fenotipo do biofilme, resposta a condi¢cdes de estresse e
comunicagdo com o hospedeiro (MARSH et al., 2011).

O funcionamento e a integridade do biofilme microbiano sdo determinados pela
estruturas dos exopolissacarideos, 0s quais agem como adesivos e barreira de protecédo,
protegendo as células para que ndo sejam destacadas pelo fluxo de substancias (KIVES et al.,
2006). Assim, os polissacarideos extracelulares podem cooperar para a patogenicidade do
biofilme por aumentar em acumulo de células sobre sua superficie, promoverem sua
estabilizacdo estrutural, facilitarem a difusdo de nutrientes entre oS microrganismos e
dificultarem a penetracdo de agentes antimicrobianos (BOWEN, 2002; KOO et al., 2009).

Experimentos ja demonstraram que microrganismos em biofilmes sdo menos suscetiveis
aos tratamentos convencionais do que microrganismos planctonicos e, na maioria dos casos,
células de um biofilme podem se tornar 10 a 1.000 vezes mais resistentes aos efeitos dos
agentes antimicrobianos (MAH; O'TOOLE, 2001). Segundo Ren et al. (2005), 40% das
proteinas da parede celular de microrganismos em biofilme diferem das proteinas de células
planctonicas, resultando na modificacdo de possiveis sitios especificos de ligacdo aos
antibiéticos (MILLEZI, 2012).

Uma das organiza¢fes microbianas mais complexas do corpo humano é a microbiota
oral, constituida por aproximadamente 700 espécies bacterianas (AAS et al., 2005) e, em
menor quantidade, virus, micoplasmas, fungos e protozoarios (MARSH et al., 2011). Na
cavidade oral, a qual é quente e umida, existem diversas superficies propicias a formacédo de

um biofilme, tais como o esmalte dental, as préprias células epiteliais, os colonizadores
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primarios ou as superficies de materiais ortodénticos presentes na cavidade (JENKINSON;
LAMONT, 2005).

Essas superficies possuem macromoléculas hidrofébicas adsorvidas, como proteinas e
glicoproteinas salivares, formando um filme condicionante denominado de pelicula adquirida,
o qual é propicio a adesdo bacteriana (ZANATTA; ROSING, 2007). Cerca de 80% dos
colonizadores priméarios da cavidade oral sdo do género Streptococcus (MARSH, 2010).

Apesar da cavidade oral ser aerObica, 0 oxigénio presente € rapidamente consumido
pelos colonizadores primarios aerobicos (por exemplo, Neisseria sp.) ou anaerdbicos
facultativos (por exemplo, Streptococcus e Actinomycess sp.). Logo, em biofilmes de alta
densidade celular como a placa dental, as condi¢cGes também sdo favoraveis para colonizacao
de microrganismos anaerobios, resultando em uma organizacgdo espacial precisa de interacdes
bacterianas (AMBROSIO et al., 2008; MARSH et al., 2011).

Com isso, nas camadas mais superficiais do biofilme estdo presentes microrganismos
aerobios. Nas zonas de transicdo prevalecem bactérias facultativas tolerantes a oxigénio,
como fermentadoras e desnitrificantes, enquanto que nas partes mais profundas e com
potencial redox mais baixo, localizam-se bactérias estritamente anaerobias, como as sulfato-
redutoras e metanogénicas (DAMGAARD et al., 2001; AQUINO et al., 2008).

Vale observar a importancia do controle do volume e da complexidade do biofilme oral,
uma vez que esses aspectos estdo relacionados com doencas periodontais como gengivite
crbnica e periodontites, halitose, infec¢bes endodonticas, actinomicose e até mesmo a
endocardite bacteriana (CHAMBRONE et al., 2009).

2.7 CARIE DENTAL E Streptococcus mutans

Na presenca de equilibrio, a coloniza¢do microbiana dos dentes é benéfica, uma vez que
sdo instituidas relacBes de simbiose com o hospedeiro e a microbiota atua como uma defesa
natural da cavidade bucal contra a instalagio de microrganismos patogénicos. Porém,
perturbacdes no habitat microbiano podem gerar relacbes de patogenicidade através da
mudanca da composicao quimica do biofilme dental (MARSH; BRADSHAW, 1997).

Em situaces de alteracGes bruscas de pH, baixo fluxo salivar e excesso de nutrientes
disponiveis, determinadas espécies como Streptococcus mutans podem se utilizar de
mecanismos bioquimicos sofisticados que levam sua selecdo natural em detrimento das
demais espécies microbianas residentes (LEMOS et al., 2005).

Os carboidratos derivados da dieta alimentar, sobretudo sacarose e glucose, estabelecem

a principal fonte energética para S. mutans, e a metabolizacdo destes substratos geram a
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formacdo de compostos acidos capazes de reduzir o pH do biofilme até valores abaixo do pH
critico (5,5) de solubilizacdo de hidroxiapatita, principal mineral constituinte do esmalte
dental. Este processo tem como consequéncia a desmineralizacdo da superficie do dente e
proliferacdo bacteriana sobre o tecido lesado, iniciando a instalacdo da carie dental (SILVA
LEITAO et al., 2004). No entanto, é importante notar que o processo cariogénico depende da
interacdo de quatro fatores principais, como o hospedeiro (especialmente a saliva e os dentes),
a microbiota, o substrato ou dieta e, ndo menos importante, o tempo (NEWBRUN, 1988).

O processo da lesdo cariosa principiada por S. mutans pode ocorrer aderéncia inicial a
superficie dos dentes por meio de glicoproteinas de adesdo, seguida da sintese de
polissacarideos extracelulares insoltveis, por meio de enzimas glucosil transferases, que
promovem o acumulo e permanéncia do microrganismo nas superficies dos dentes. A alta
capacidade para catabolizar carboidratos e produzir acidos que desmineralizam o esmalte
dental e a habilidade para crescer e dar continuidade & metabolizacdo de carboidratos em
baixo pH (BURNE, 1998; KURAMITSU, 2003, BANAS, 2004).

Dessa forma, a habilidade de S. mutans em sintetizar acidos organicos como produto
final da glicolise, sobreviver e proliferar em condi¢des de baixo pH e ainda sintetizar grandes
quantidades de polissacarideos extracelulares de adesdo sao considerados fatores de viruléncia
e desempenham um papel critico no desenvolvimento de sua cariogenicidade (LOESCHE,
1986).

2.8 ENXAGUATORIOS BUCAIS

Os mecanismos de acdo dos agentes quimicos utilizados na saide bucal sdo diversos,
podendo interferir na adesdo bacteriana a superficie do dente, prevenir a proliferacdo
microbiana, remover o biofilme pré-existente, ou ainda, alterar a sintese de polissacarideos
extracelulares insolGveis, a qual € um mecanismo particularmente importante na aderéncia
bacteriana (TORRES et al., 2010).

O emprego de enxaguatérios bucais vem se solidificando como recurso especialmente
importante na higienizagdo oral, sobretudo devido a alguns beneficios como facil utilizacéo,
refrescancia, palatabilidade e acesso as bactérias, mesmo em areas de maior dificuldade,
integrando assim as limitagdes da higiene oral mecéanica. Vale ressaltar que o beneficio
adjuvante dos enxaguatérios pode ser particularmente importante para criancas e idosos,
usuarios que, de forma geral, apresentam menor destreza ou impossibilidade de realizar uma
escovacdo adequada (ASADOORIAN, 2006).
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O controle quimico do biofilme dental bacteriano pelo uso de enxaguatdrios bucais
ocorrer pela incorporacdo de substancias quimicas ativas em sua formulagdo. Essas
substancias devem inibir o estagio de adesdo da colonizacdo bacteriana no biofilme dental,
comprometendo o crescimento e a atividade metabdlica dos microrganismos do biofilme sem,
entretanto, intervir em qualquer outro processo biologico (LEITE, 2009). Além disso, a
toxicidade de um enxaguatorio deve ser baixa, uma vez que tais solugdes podem ser
eventualmente ingeridas (GUIMARAES et al., 2006).

Varios agentes quimicos com propriedades antimicrobianas e anticariogénicas podem
ser encontrados no enxaguatério bucal disponiveis no mercado, como a clorexidina, o cloreto
de cetilpiridineo e o fluoreto de sodio. Dentre esses, a clorexidina é considerada o padrdo ouro
no controle do biofilme dental (FARDIN et al., 2011). Devido sua natureza catidnica, a
clorexidina é rapidamente atraida pela carga negativa da superficie bacteriana e adsorvida a
membrana celular por interacdes eletrostaticas que causam precipitagdo e coagulacdo das
proteinas citoplasmaticas para promover a morte celular (ZANATTA; ROSING, 2007).

Entretanto, a utilizacdo da clorexidina por mais de 14 dias esta associada a sérios efeitos
colaterais, como manchas acastanhadas nos dentes, em restauracdes ou no dorso da lingua,
descamacéo e perda da sensibilidade oral, gosto amargo e interferéncia na sensagéo gustativa
(FARDIN et al., 2011).

O cloreto de cetilpiridineo € um composto de amdnio quaterndrio que se liga
espontaneamente aos tecidos orais e pode interagir com a membrana celular bacteriana,
decorrendo na perda de componentes celulares, perturbacdo do metabolismo, inibicdo do
crescimento celular e consequente morte bacteriana (ALVES et al., 2012). No entanto,
existem relatos de que seu uso prolongado esta relacionado com o surgimento de manchas nos
dentes e sensacdo de ardéncia (ELEY, 1999).

O fluoreto é uma substancia reconhecida mundialmente como agente preventivo da
carie dental, sendo encontrado em diversas formulagBes de enxaguatorios disponiveis no
mercado. Substancias capazes de inibir a producdo de acidos por microrganismos bucais
podem ter seus efeitos anticariogénicos potencializados na presencga de fluoreto (TRAHAN,
1995), uma vez que esse interfere fisico-quimicamente no desenvolvimento da cérie, reduza
desmineralizagdo e aumentando a remineralizardo do esmalte dental (DAWES; TEN CATE,
1990).

Outras substancias tradicionalmente utilizadas em enxaguatérios bucais sdo 0s
componentes dos Gleos essenciais, como mentol, timol, eucaliptol e salicilato de metila.

Segundo a Associacdo dos Higienistas Dentais do Canada, a combinacdo fixa desses
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derivados de oOleos essenciais demonstrou reducdo de placa e de inflamagdo gengival
(ASADOORIAN, 2006). Seu uso como enxaguatorio bucal foi recomendado pelo Food and

Drug Administration (FDA, 2003) como agente antiplaca e antigengivite.
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3 RESULTADOS

Os resultados da pesquisa sdo apresentados em forma de artigos.

3.1 ARTIGO 1 (Publicado)
Medicina Veterinaria (UFRPE), v. 10, n. 1-4, p. 25-33, 2016.

Emulsdo e microemulsédo: novos sistemas de liberacéo controlada
de farmacos no tratamento veterinario

[Emulsion and microemulsion: new controlled release systems of veterinary drugs]

Sarah Romini de Lima Basto:*, José Carlos Ferreira-Silvaz, FLA Silva:, GAS Aleixo:;, TCM
Stamford:, MV Silva:, MTS Correia:

Centro de Ciéncias Bioldgicas, Universidade Federal de Pernambuco (UFPE), Recife-PE, Brasil.
:Departamento de Medicina Veterinaria, Universidade Federal Rural de Pernambuco (UFRPE), Recife-PE, Brasil.
sDepartamento de Biotecnologia, Universidade Federal de Pernambuco (UFPE), Recife-PE, Brasil.
sDepartamento de Nutri¢do, Universidade Federal de Pernambuco (UFPE), Recife-PE, Brasil.

*Corresponding author: biologist.sarah@gmail.com

RESUMO

A utilizacdo de forma indiscriminada dos medicamentos veterinarios ndo compromete apenas
a eficiéncia, mas também elevam os custos dos tratamentos, independente da espécie animal.
Diante da importancia da industria farmacéutica veterinaria para a economia brasileira
visando contribuir diretamente para manutencdo da saude e da produtividade animal, com
essa revisdo objetivou-se abordar sobre novos sistemas de liberagdo controlada de farmacos,
especialmente as emulses e microemulsdes utilizadas no tratamento veterinario. As emulsdes
sdo misturas uniformes de pequenas particulas de uma substancia num determinado fluido, no
qual ndo é soluvel. Essas emulsfes sdo dispersdes coloidais formadas pelas fases dispersa e
dispersante, além do agente emulsivo que contribui para estabilizar a emulsdo. As
microemulsdes sdo sistemas homogéneos pouco Vviscosos e termodinamicamente estaveis.
Apresentam dimensdes variando entre a escala micrométrica e nanométrica, transparéncia
Otica, capacidade de veicular farmacos hidrofilicos e lipofilicos, além de serem formadas
facilmente pela mistura de seus componentes. Nos sistemas de liberacdo controlada de
farmacos, mesmo utilizando pequenas quantidades de principios ativos, ocorre uma
otimizagdo da acdo do farmaco com consequente melhoria de sua biodisponibilidade e
diminuigéo de sua toxicidade, além de facilitar sua administrag&o. Finalizando, os sistemas de
liberacdo controlada de farmacos, como as emulsBes e as microemulsdes, podem contribuir
significativamente para a evolucdo da terapéutica veterindria por proporcionar o0
desenvolvimento de farmacos mais eficientes e atender as necessidades da inddstria animal
moderna.

Palavras chave: Animal, farmacologia, terapéutica.
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ABSTRACT

The indiscriminate use of veterinary medicine products compromises not only its efficiency,
but also increases treatment costs regardless of animal species. Given the importance of
veterinary pharmaceutical industry for brazilian economy and with a view to contribute
directly to maintenance of animal health and productivity, the objective of this review was to
analyze new controlled drug release systems, especially emulsions and microemulsions, used
for veterinary treatments. Emulsions are uniform mixtures of small particles contained in a
particular fluid in which it is not soluble. Such emulsions are colloidal dispersions formed by
dispersed and dispersing phases, in addition to the emulsifying agent which contributes to
stabilize the emulsion. Microemulsions are homogeneous, non-viscous and
thermodynamically stable systems. They exhibit dimensions varying between micrometric
and nanometric scale, optical transparency, the ability to transport hydrophilic and lipophilic
drugs, besides its ease to be obtained by mixing their components. In controlled drug delivery
systems, even using small amounts of active principles, there is an optimized activity of the
drug with consequent improvement of its bioavailability and decrease toxicity, thus
facilitating its administration. Finally, controlled drug delivery systems, such as emulsions
and microemulsions, may contribute significantly to evolution of veterinary therapy by
providing more efficient drugs, which meets the needs of modern animal industry.

Keywords: Animal, pharmacology, therapeutics

1. INTRODUCAO
A agropecudria é um setor importante para a economia brasileira e somente em 2011 foi

responsavel por 22,74% do Produto Interno Bruto (IBGE, 2011). Dentre os segmentos que
compdem esse setor, a industria farmacéutica veterinaria merece destaque tendo em vista que
é diretamente responsavel, tanto pela manutencdo da salde e da produtividade dos diversos
rebanhos, quanto pela seguranca e a abundancia do alimento produzidos pelos animais
(OMOTE; SLUSZZ, 2013).

O Brasil é um dos cinco maiores mercados de produtos veterinarios do mundo e, de um
modo geral, esse crescimento tem sido influenciado pelo aumento das exportacbes de
produtos agrope-cudrios, pela maior fiscalizacdo sanitaria, pelos critérios cada vez mais
exigentes para a comercializagcdo, bem como pela maior conscientizagdo dos criadores da
necessidade de manter a sanidade dos rebanhos (CAPANEMA et al., 2007).

Apesar da eficiéncia dos medicamentos veterindrios, a sua utilizacdo de forma
indiscriminada compromete ndo apenas a eficiéncia, mas também elevam 0s custos dos
tratamentos, independente da espécie animal. No entanto, nos animais de producdo, esse
cuidado deve ser intensificado, especialmente porque essas substancias podem ser acumuladas
nos tecidos desses animais comprometendo o seu consumo (FREITAS FILHO et al., 2012).
Esse fato pode promover desde simples reagdes alérgicas a quadros graves de intoxicagoes,

além da ingestédo de alimentos com residuos de antibioticos favorecer o desen-volvimento de
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resisténcia bacteriana a deter-minados farmacos (VAN DEN BOGAARD; STOBBERINGH,
2000).

Nos altimos anos, a industria animal moderna tem sido fortemente influenciada por
novas exigéncias de mercado, especialmente no que concerne a qualidade dos produtos e ao
bem-estar dos animais (MARTIN; KADOKAWA, 2006; SALLES, 2008). Assim é
importante aperfeicoar os farmacos existentes e desenvolver novas biotécnicas farmacéuticas,
como as emulsbes e microemulsdes, que permitam melhorar a eficiéncia dos tratamentos
farmacolégicos.

As emulsdes e microemulsdes surgem como importantes ferramentas para potencializar
o efeito dos farmacos tendo em vista que, mesmo utilizando pequenas quantidades de
principios ativos, os mecanismos de liberacdo controlada desses farmacos promovem a
otimizacdo da entrega do mesmo no local de acdo, melhoram sua biodisponibilidade,
diminuem o risco de toxicidade e facilitam sua administragdo (FREITAS FILHO et al., 2012).
Adicionalmente, a utilizacdo de principios ativos de origem organica na formulacdo das
emulsdes e microemulsbes podem aumentar a eficiéncia desses produtos.

Diante do exposto, objetivou-se abordar sobre novos sistemas de liberacdo controlada

de farmacos, especialmente as emulsdes e microemulsdes utilizadas no tratamento veterinario.

2. REVISAO DE LITERATURA
2.1  Sistemas de liberacéo controlada de farmacos

Os novos sistemas de liberacdo controlada de farmacos tém exercido papel importante
na expansdo da industria farmacéutica de saude animal (RATHBONE; MARTINEZ, 2004).
As razBes fundamentais para o desenvolvimento desses sistemas para uso veterinario sdo
devido a possibilidade de diminuir o stress animal, os custos de producdo, bem como
minimizar a concentracdo de principios ativos na formulacdo e, dessa forma, tornar os
medicamentos mais eficientes por proporcionar o conhecimento da quantidade de substancia
ativa administrada e ainda reduzir a exposicdo humana a produtos veterinarios (ROTHEN-
WEINHOLD et al., 2000).

Nos tratamentos terapéuticos convencionais, pouco tempo apés a administragdo do
farmaco, sua concentragcdo aumenta, atinge o climax e logo depois € reduzida. Dessa forma,
cada substancia ativa obtém uma faixa de agdo terapéutica que entremeia um maximo e um

minimo e fora dessa faixa se torna toxica ou ineficiente. O principal objetivo dos sistemas de
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liberagdo controlada de farmacos é manter a concentracdo do medicamento entre estes dois

niveis por um tempo prolongado, utilizando uma Unica administracdo (Figura 1).
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Figura 1. Influéncia do sistema de liberacdo controlada de farmacos sobre a sua concentracdo. Fonte:
adaptada de Liberal (2008).

2.2 Emulstes

EmulsGes sdo misturas uniformes de pequenas particulas de uma substancia num
determinado fluido, no qual ndo é solGvel. Essas emulsBes sdo dispersdes coloidais formadas
por uma fase fracionada denominada de interna, dispersa ou descontinua e por outra que
circunda as goticulas designada de externa, dispersante ou continua. Além desses dois
componentes existe também o agente emulsivo que contribui para estabilizar a emulsao
(SANTOS, 2011). Esse agente, que compde a interfase, € inserido entre as fases dispersa e
dispersante para diminuir a separacdo (PRISTA et al., 1995).

De acordo com a absor¢do ou aversao a agua da fase dispersante, esses sistemas podem
ser classificados como 6leo em agua (O/A) ou &gua em 6leo (A/O), sendo também possivel
preparar emulsées multiplas do tipo agua/éleo/agua (A/O/A) ou OGleo/agua/dleo (O/A/O),
conforme descrito na Figura 2 (PRISTA et al., 1995).
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Figura 2. Diferentes tipos de emulsdes. Fonte: Santos (2011).

Microemulséo

As microemulsdes sdo sistemas homo-géneos, pouco viscosos e termodinamicamente
estaveis. Apresentam dimensdes variando entre a escala micrométrica e nanométrica,
transparéncia otica, capacidade de veicular farmacos hidrofilicos e lipofilicos, alem de serem
formadas facilmente pela mistura de seus componentes (ABOOFAZELI et al.,, 1994,
CONSTANTINIDES et al., 1994; CONSTANTINIDES; Y1V, 1995; VAN DEN BOGAARD;
TOBBERINGH, 2000), sendo considerados sistemas liquidos ideais para a liberagdo de
farmacos (HO et al., 1996).

Esses sistemas sdo formados basicamente por 6leo, 4gua, tensoativo e cotensoativos em
proporcbes que podem ser definidas através da construcdo de um diagrama de fases,
classificado de acordo com o tipo e o numero de componentes utilizados, podendo ser
pseudoternario, ternario ou quaternario. A preparacdo do diagrama definira as microemulsdes
gue podem ser preparadas com o0s principios ativos previamente escolhidos (EL
MAGHRABY, 2008).

As microemulsfes podem ser administradas por diversas vias, sendo a oral, parenteral,
topica, ocular e nasal as mais frequentes. Atualmente também tem sido estudada a
administracdo desse tipo de formulagdo através de vias mais modernas como pulmonar,
transdérmica e intratecal (KOGAN; GARTI, 2006; ROSSI et al., 2007; TALEGAONKAR et
al., 2008).

Emulsdo e microemulsdo no tratamento veterinario

O tratamento farmacol6gico vem sendo aperfeicoado de maneira exponencial nos
ultimos anos com o objetivo de atender tanto o desenvolvimento racional da produc¢do animal,
quanto a especificidade farmacologica das diferentes espécies, assim como o0 bem-estar
animal (GORNIAK, 2005). Dessa forma, substancias ou principios ativos ja utilizados ha
décadas como medicamentos, tém sido estudadas para minimizar os efeitos colaterais e
potencializar seu mecanismo de acdo com menor dano fisico, quimico, biolégico e ecoldgico
(RATHBONE; MARTINEZ, 2004).

O propofol foi introduzido na rotina clinica como agente de inducdo e manutencao
anestésica como alternativa aos barbitdricos, € comercializado na concentragdo de 10%. Esse

farmaco consisti de uma emulsdo fina composta por 6leo de soja, fosfolipidios de ovo
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purificado e glicerol que apresenta aspecto leitoso com pH entre 7 e 8,5 (YUAN et al., 2006;
WHITE, 2008; TAMANHO et al., 2013).

A presenca de produtos organicos sob a forma de emulsdo lipidica e a auséncia de
antimicrobianos torna essa solucdo mais predisposta a contaminacdo. Em virtude desse fato, a
utilizacdo do propofol como uma microemulséo, constituida pelo sistema Oleo/agua pronto
para uso, mostrou-se estavel. Nessa formulacdo, as particulas hidrofobicas dispersas
apresentam tamanho reduzido (1-50nm) com aspecto transparente e viscosidade comparavel a
de uma solucdo aquosa (TAMANHO et al., 2013).

Estudo comparativo das respostas cardiacas e metabolicas em felinos, comparando o
propofol comercial com a microemulsdo de propofol, evidencia efeitos clinicos semelhantes
entre as formulacGes, contudo, os animais submetidos a microemulsdo apresentam maior
estabilidade cardiorrespiratoria durante a inducdo e a manutencdo anestésica (TAMANHO et
al., 2013).

Em cées submetidos a mesma avaliagdo, a farmacocinética ndo apresenta diferenca
entre as formulacdes (CORREA et al., 2013), sendo ainda constatado que, devido ao tamanho
reduzido de suas particulas, é possivel empregar a microemulsdo de propofol em regime de
infusdo continua (KIM et al., 2007). Além disso, esse farmaco sob a forma de microemulsdo
apresenta menor afinidade lipidica e menor volume de distribuicdo, que gera maiores
concentragfes, quando comparada a emulsdo lipidica (JUNG et al., 2010). Esse fato é
sugestivo de que essa microemulsdo proporciona maior poténcia anestésica quando

administrada nas mesmas concentra¢fes do farmaco comercial (GEHRCKE et al., 2012).

O metimazol € uma droga utilizada para o tratamento do hipertiroidismos em gatos com
idade superior a seis anos (HILL et al., 2011). Na formulacdo comercial, recomenda-se que
seja utilizado duas vezes ao dia por via oral, todavia, além da dificuldade em se administrar
comprimidos aos felinos, provoca efeitos adversos, como problemas gastrointestinais, renais e
hepatopatias (PETERSON et al., 1988; BECKER et al., 2000; LANGSTON; REINE, 2006;
WILLIAMS et al., 2010).

Ao contrario do que ocorre quando o tratamento € realizado com a formulagéo
comercial do metimazol, a grande maioria dos felinos tratados com essa substancia na forma
de microemulséo apresenta maior tolerancia ao tratamento. De um modo geral, quando
utilizado na forma de microemulsdo lipidica, administrada diariamente por via transdérmica, é
eficaz tanto para reduzir, quanto para normalizar a concentracéo de tiroxina total por até dois
anos (HILL et al., 2011).
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A Ciclosporina, farmaco também avaliado sob a forma de microemulsdo, € um
imunomodulador utilizado no tratamento de um nimero crescente de doengas em caninos e
contra a rejeicdo de Orgdos transplantados em cédes e gatos (BERNSTEEN et al., 2003;
KADAR et al., 2005; ALLENSPACH et al., 2006; GNIRS, 2006). A ciclosporina se encontra
disponivel em duas formulagcbes orais, sendo uma composta de 6éleo original e a outra na
forma de microemulsdo. A formulacdo em microemulséo é mais utilizada porque melhora a
absorcéo e mantem a concentracdo plasmatica dessa substancia por maior periodo (ARCHER
et al., 2014). A microemulsdo de ciclosporina apresenta melhores resultados no tratamento da
furunculose anal quando comparada a formulagdo comercial (O’NEILL et al., 2004).

Mesmo sendo escassos, 0s relatos da utilizacdo de nanoestruturas nas areas de producao
e sanidade animal, um estudo experimental demonstrou maior eficiéncia da estreptomicina e
da doxiciclina quando foram incorporadas a nanoestruturas e testadas frente a isolados de
Brucella melitensis (TRONCARELLLI et al., 2013). Outros pesquisadores verificaram ainda
que os farmacos comerciais sao menos eficientes do que as nanocépsulas para reduzir a carga
bacteriana presente no figado e no baco de Mus musculus infectados (SELEEM et al., 2009).

Estudos preliminares tém mostrado que a utilizacdo de nanocarreadores poliméricos de
iodo no tratamento da mastite em ovelhas pode ser uma alternativa ao tratamento
convencional (SANTANA et al., 2016). O processo de encapsulamento melhora a
estabilidade do dleo, promove a liberagdo controlada do principio ativo, reduz a dosagem e
aumenta a eficiéncia dos tratamentos anti-helminticos (MESQUITA et al., 2013). Anti-
helminticos sob a forma de nanoemulsdes ou nanoparticulas poliméricas melhoraram a
biodisponibilidade dos antiparasitarios, como praziquantel e ivermectina (XIE et al., 2011;
ALl et al., 2013).

Emulsdo e microemulséo de produtos naturais no tratamento veterinario

O desenvolvimento dos sistemas de liberagdo controlada de farmacos tem por objetivo
melhorar a eficicia dos tratamentos veterinrios e minimizar o risco e o custo dos tratamentos.
Além disso, a industria animal moderna requer produtos mais eficientes e ecologicamente
correto (MARTIN; KADOKAWA, 2006).

Diante do exposto, existe um crescente interesse nos estudos relativos ao uso de
produtos derivados de plantas medicinais de importancia veterinaria. Sistemas coloidais como
as nanocapsulas, nanoesferas, nanoemulsGes ou microemulsGes e outros sistemas
nanoestruturados séo objetos de pesquisas sobre novas configuracdes de carrear e liberar
farmacos para locais especificos (SCHAFFAZICK et al., 2003).
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A selecdo de uma planta medicinal a ser analisada cientificamente é realizada a partir de
um estudo etnofarmacoldgico, no qual a escolha ocorre de acordo com 0 uso terapéutico
demonstrado por um determinado grupo étnico, fato que também ocorre na etnoveterinaria
(MACIEL et al., 2002; KONE; ATINDEHOU, 2008).

Como descrito anteriormente, as microemulsfes sao dispersdes de 6leo em &gua com as
goticulas do principio ativo estabilizadas por tensoativos e/ou cotesoativos (ANTON et al.,
2008). As microemulsfes possuem, na sua composicao, a presenca de um nucleo ou principio
ativo circundado por um dispersante (VAUTHIER; BOUCHEMAL, 2009). Esses sistemas
submicro-métricos sdo capazes de promover a diminui¢cdo de efeitos toxicos e aumentar a
eficiéncia terapéutica dos farmacos (SCHAFFAZICK et al., 2003).

A rodococose equina, doenca que acomete o trato respiratorio de potros, tem como
agente etioldgico a bactéria Rhodococcus equi (RIBEIRO et al., 2005; MUSCATELLO et al.,
2007). O tratamento com antimicrobianos macrolideos associados com a rifampicina sdo as
principais formas de controle da doenga, no entanto, a existéncia de isolados de Rhodococcus
equi resistentes a esses compostos vem sendo descrita (GIGUERE et al., 2002). Por esse
motivo, estudos acerca de novas terapias utilizando plantas medicinais e seus compostos tém
sido implementados com a finalidade de obtengdo de novos farmacos com acdo
antimicrobiana (BERTINI et al., 2005).

As microemulsdes e as hanocépsulas do 6leo essencial de Melaleuca alternifélia inibem
o crescimento dos isolados do solo e das fezes de Rhodococcus equi. Adicionalmente, o uso
das nanoestruturas contendo 6leo essencial dessa planta em comparacdo com o 6leo essencial
puro ndao nanoestruturado aumenta consideravelmente sua capacidade inibitéria (SAGAVE et
al., 2015).

O reduzido tamanho dos farmacos, quando associados aos sistemas nanoestruturados,
aumentam a eficiéncia terapéutica. Em suinos, a atividade antimicrobiana da clorexidina
associada a nanocapsulas apresenta maior atividade sobre o Staphylococcus epidermidis do
que os farmacos comerciais (LBOUTOUNNE et al., 2002).

A atividade antifingica de nanoparticulas contendo anfotericina B é superior a do
farmaco comercial (PAULO et al., 2010). O aumento da atividade inibit6ria do 6leo essencial
de Melaleuca alternifélia, quando associado a microestruturas em comparacao a atividade do
o6leo puro ndo nanoestruturado foi igualmente demonstrado (FLORES et al., 2013).

Multiplos protocolos terapéuticos tém sido instituidos para controlar a sarna psoroptica
em coelhos, tanto através do tratamento sisttmico com ivermectina ou moxidectina
(FERRERO et al. 1994; WAGNER; WENDLBERGER, 2000), quanto por meio dos
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tratamentos tdpicos utilizando piretroides ou organofosforados (MELO et al., 2008). Apesar
da eficiéncia dos tratamentos sisttmicos com esses produtos, faz-se necessario levar em
consideracdo seus efeitos adversos nos animais e nos seres humanos em consequéncia de
residuos presentes nos produtos de origem animal (O’BRIEN, 1999; HANSEN et al. 2005;
NERO et al. 2007).

Emulsdo formulada com 10% do 6leo de nem (Azadirachta indica) no controle de
Psoroptes ovis em coelhos naturalmente infestados é bastante eficaz, especialmente, quando
comparada ao tratamento convencional (FERNANDES et al., 2012). Resultados semelhantes
séo descritos por Dakshinkar et al. (1992) ao utilizarem emuls6es formuladas com nem, fruta-
do-conde (Annona squamosa) e alho (Allium sativum) para o controle desses parasitas.

A ivermectina com uma formulacdo contendo extratos de nem, Cedro do Himalaia
(Cedrus deodara) e Vidanga ou falsa pimenta-negra (Embelia ribes) no controle do Psoroptes
ovis em coelhos naturalmente infestados € maior do que o emprego da ivermectina (MASKE;
KOLTE, 1999).

A emulsdo formulada com o 6leo essencial de orégano (Origanum vulgare) e alecrim
(Rosmarinus officinalis labiatae) para controle dos sinais clinicos da diarréia neonatal de
leitdes, apresenta eficiéncia similar em relacdo a enrofloxacina, que é o antibiotico de elei¢do
para o tratamento dessa enfermidade (ROSSI et al., 2015). A enrofloxacina inibe, de forma
irreversivel, a enzima bacteriana girase em curto periodo de tempo e o efeito antimicrobiano
dos Oleos essenciais esta relacionado a sensibiliza¢do da bicamada fosfolipidica da membrana

celular do microrganismo (SINGH et al., 2002).

Considerac0es Finais

Os farmacos produzidos atraves de emulsdes ou microemulsfes apresentam menor risco
de proliferacdo microbiana devido a auséncia de substdncias de origem animal na sua
composigdo e maior tempo de armazenamento em consequéncia da maior estabilidade
termodindmica de sua formulagéo.

Nos sistemas de liberagdo controlada de farmacos, mesmo utilizando pequenas
quantidades de principios ativos, ocorre uma otimizacéo da acao do farmaco com consequente
melhoria de sua biodisponibilidade e diminui¢cdo de sua toxicidade, alem de facilitar sua
administrago.

Finalizando, os sistemas de liberagdo controlada de farmacos, como as emulsdes e as

microemulsdes, podem contribuir significativamente para a evolugdo da terapéutica
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veterinaria por proporcionarem o desenvolvimento de farmacos mais eficientes e atender as

necessidades da industria animal moderna.
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ABSTRACT

In Brazil the estimated value spent on phytotherapics is millions of dollars and with
exponential growth, due to the change in society's behavior in search of the less synthesized
products and with a "Green, Clean and Ethical" trajectory. Syagrus coronata popularly known
as licuri, is a palm commonly found in dry and arid regions of the Caatinga and has great
social and economic importance for the region. Recent studies have shown that the extracts or
fractions of this plant have anti-Leishmania, antimicrobial and antioxidant properties in
addition to potential for use as biodiesel and topical emulsion as a moisturizer. In this study a
microemulsion of the licuri oil was formulated through the pseudoternary phase diagram and
for the microemulsion the concentration of the fixed oil of licuri was around 40%, presenting
stability for a period greater than 90 days, the microemulsion was tested for acute toxic and
lethal activity against C. elegans, which at low concentrations were stable, but at
concentrations higher than 27% at a time of exposure of 72h showed a toxicity between
6.41%, already in activity resistant S. mutans showed inhibitory activity among 10uL/mL. All
activities evaluated had promising potential for licuri based products.

Keyworlds: Medicinal plants, licuri, Syagrus coronata, C. elegans, microemulsion.

RESUMO

No Brasil, o valor estimado gasto em fitoterapicos é de milhdes de dolares e com crescimento
exponencial, devido a mudanca no comportamento da sociedade em busca dos produtos
menos sintetizados e com uma trajetéria "verde, limpa e ética". Syagrus coronata
popularmente conhecida como licuri, € uma palmeira comumente encontrada em regides
secas e aridas da Caatinga e tem grande importancia social e econémica para a regido.
Estudos recentes demonstraram que 0s extratos ou as fracOes desta planta possuem
propriedades anti-Leishmania, antimicrobianas e antioxidantes além do potencial de uso como
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biodiesel e emulsdo topica como hidratante. Neste estudo, uma microemulsdo do o6leo de
licuri foi formulada através do diagrama de fase pseudoternério e, para a microemulsdo, a
concentracdo do oleo fixo de licuri foi de cerca de 40%, apresentando estabilidade por um
periodo superior a 90 dias, a microemulsdo foi testada quanto a sua toxicidade aguda e
atividade letal contra C. elegans, que em baixas concentracdes foram estaveis, mas em
concentragcdes superiores a 27% em um momento de exposicdo de 72h mostrou uma
toxicidade entre 6,41%, ja a atividade bactericida para cepas de S. mutans resistente mostrou
atividade inibitoria entre 10 pL / mL. Todas as atividades avaliadas apresentaram potencial
promissor para produtos a base do 6leo fixo de licuri.

Palavras-chave: Plantas medicinais, licuri, Syagrus coronata, C. elegans, microemulséo.

1. INTRODUCTION
The immense Brazilian biodiversity has promoted to phytotherapeutics an important

part in the market and also a possibility for the diversification and potentization of the
pharmaceutical and cosmetic industry, being an area of priority interest for investments in
public and private initiatives (RODRIGUES et al., 2006). Even with the advancement of
globalization, industry, and the use of industrialized, medicinal plants products still hold a
sizable share of world trade, which is around $ 14 billion. In Brazil the use of traditional
medicine with base medicinal plants by the Unified Health System has doubled in recent
years, between 2013 and 2015 the demand for these treatments has increased by 161%
(SANTOS et al., 2016), and with exponential growth, due to the change in society's behavior
in search of less synthesized products with a "Green, Clean and Ethical" trajectory (MARTIN
and KADOKAWA, 2006; FERREIRA-SILVA et al., 2017).

Syagrus coronata (Mart.) Becc. is popularly known as; licuri, ouricuri, aricuri, etc., this
palm is commonly found in dry and arid regions of the Caatinga, occupying the eastern and
central part of Bahia to the south of Pernambuco, northern Minas Gerais and areas of Alagoas
and Sergipe (CREPALDI et al., 2001; BELVISO et al., 2013). Licuri has great social and
economic importance for the region since it involves local community participation in fruit
harvesting and seed processing, which can be consumed raw, cooked or toasted or used to
obtain oil that is consumed by the local cookery and others (BELVISO et al., 2013). The
leaves are used to feed cattle, birds and wild animals (DRUMOND, 2007). In addition, licuri
seeds have a high nutritional value (49.2% lipids, 9.7% Carbohydrates, 11.5% proteins,
2.6x106 J / 100g) (CREPALDI et al., 2001; BELVISO et al., 2013).

However, few scientific reports had been published on the pharmacological potential of
S. coronata, some of which have shown that extracts or fractions of this plant have anti-

Leishmania amazonensis properties (RODRIGUES et al., 2011), antimicrobial activity
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(HUGHES et al., 2013; SILVA BESSA et al., 2016) and antioxidants (BELVISO et al.,
2013). Specifically, S. coronata dried fruits oils were evaluated for use as biodiesel (DE LA et
al., 2010) and topical emulsion (LEAL et al., 2013) presenting good results in both.

Microemulsions (MEs) are homogeneous systems, can be viscous and are
thermodynamically stable. These systems have dimensions varying between the micrometric
to nanometric scale, optical transparency, and ability to deliver hydrophilic and lipophilic
drugs (ABOOFAZELI et al., 1994; CONSTANTINIDES et al., 1994; CONSTANTINIDES
and Y1V, 1995; VAN DEN BOGAARD and STOBBERINGH, 2000), has being considered
ideal liquid systems for the release of drugs (HO et al., 1996). They are formed basically by
oil, water, surfactant and cosurfactants, and such proportions can be defined by the
construction of a phase diagram. The preparation of the diagram will define the
microemulsions which can be prepared with the previously chosen active compounds. MEs
may be administered by various routes where the most common are oral, parenteral, topical,
ocular and nasal routes (EL MAGHRABY, 2008; BASTO et al., 2016).

The objective of this study was to determine the pseudoternary phase diagram of the
licuri oil to obtain the best formulation of the microemulsion, to evaluate its stability,
characterization, to examine toxic activity and acute lethal effect against C. elegans and to test
its antibacterial potential on resistant S. mutans for future formulation of an oral septic

product.

2. MATERIAL AND METHODS
2.1 Plant material
The fixed oil from licuri was commercialized by Licuri Brasil
(www.licuribrasil.com.br) located in Bahia, the characterization analysis of the fatty acids
present in the oil was made by gas chromatography (GC and CG / MS) after de-esterification.
The constituents were identified by comparison of their retention indices with those of the
literature. The retention indices were determined in relation to a homologous series of n-
alkanes (C8-C32) under the same operating conditions. Component relative percentages were
calculated based on GC peak areas without using correction factors (AYAZ et al., 2017).
2.2 Pseudoternary phase diagram formulation
The diagram was obtained by visual inspection of the blends with the polyoxyethylene
20 mono-oleate desorbitan (Surfactant) and (Z)-sorbitan Mono-9-octadecanoate
(Cotensoactive) in the ratio 40% and 60% respectively and, to this mixture, was (oil phase)
was added in the ratios of 1: 9, 2: 8, 3: 7, 4: 6, 5: 5, 6: 4, 7: 3, 8: 2 and 9: 1, simultaneously.
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The titrations were made with distilled water, using an automatic pipette adjusted to the
appropriate concentrations, adding dropwise at room temperature. During titration the mixture
was homogenized by ultra-turrax stirrer for 1 min, and then the mixture was potentiated at the
ultrasonicator for 3 min, the procedure was repeated and after 5 min rest the visual appearance
changes were observed. (DJORDJEVIC et al., 2004; SINTOV and SHAPIRO, 2004; KE et
al., 2005; FORMARIZ et al., 2005, 2006, 2007).

2.2.1 Formulation selection (Microemulsion)

After constructing the diagram, the liquid microemulsion formulations were obtained in
distinct regions, from these regions a average was performed and then selected a formulation
(liquid microemulsion/gel) from which it was prepared by simple solubilization of the
components under stirring in the homogenizer after heating (OKUMA et al., 2015). The
formulations were prepared 48 hours before the characterization tests for thermodynamic
stabilization of the system at room temperature (SILVA et al., 2009b).

2.3 Preliminary stability control
2.3.1 Macroscopic aspects

The macroscopic aspect of the microemulsion was measured for probable changes in
overall appearance, including color, consistency, presence or absence of visible indicators of

instability, such as phase separation, sedimentation, and mass formation (BRASIL, 2004).

2.3.2 Measurement of pH
The pH of the microemulsion was measured using a digital pH meter equipped with a
glass electrode and temperature sensor, previously calibrated at pH 4.0 and 7.0 at + 25 ° C.
2.3.2 Phases
The microemulsion (2 mL) was dissolved with equal amount of distilled water in a test
tube. In cases where the water was incorporated into the microemulsion, the microemulsion
was considered to be of the O/W type. Likewise, 2 mL of the microemulsion was dissolved in
the same volume of oil, and if the incorporation was good, it was classified as type W/O
(SILVA, 1997).

2.3.4. Viscosity
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For all samples the parallel plate measuring geometry of 50 millimeters in diameter was
used. All tests were done at 25 °C. With this type of test it is possible to verify the behavior of
the viscosity of the sample according to the variation of the shear rate. The assay was
performed considering a rate variation of 10 to 100s-. It was used the rheometer MCR 72 with
PP50.

2.3.5 Centrifugation
Sedimentation was performed with 5mL of the microemulsion at 3500 rpm for 20 min

using a Centribio centrifuge.

2.3.6 Evaluation of additional macroscopic characteristics
For the evaluation of temperature stability 24h after the preparation, 5ml of each
microemulsion were placed in glass tubes and incubated at high temperatures (45 = 2 °C) and
low (5 £ 2°C).

2.4 Toxicity activity and acute lethal effect on C. elegans

Three different concentrations were used plus control of the microemulsion in triplicate,
from which it was diluted in autoclaved water reaching concentrations of 27%, 18% and 9%
of the licuri oil. The experiment was carried out in 24-well plates, for each replicate with 10
adult nematodes per well the different concentrations of ME were exposed in a methodology
adapted from MONTEIRO et al. (2014). The solutions present in the wells of the plates were
poured in a 38-mm sieve and washed 3 to 5 times, to achieve adequate visualization, counting
and definition of lethality of the nematodes under stereomicroscope. Mortality was evaluated
every 24 hours destructively for three subsequent days, dead nematodes were considered only
as organisms without pharyngeal pulsation and inability to respond to the touch of a tungsten
needle. Data were transformed to percent mortality, then a mortality and mortality curve plot
for 72 hours of exposure were calculated using a sigmoidal regression model using sigmaplot

program 12.5.

2.5 Determination of minimum inhibitory concentration (MIC) on resistant S. mutans
The MIC was determined by the microdilution method (FERRARO, 2008). The

microdilution was done in triplicate. A solution containing microemulsion and Mueller

Hinton Broth medium (MHB) were added 100 pl (approximately 1.5 x 109 CFU / ml) of

bacterial suspension. The samples were incubated for 24h at 37 °C. For read the test was used
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7-hydroxy-3H-phenoxazine-3-on-10-oxide or resazurin (0.01%) that it’s a color-oxide-
reducing indicator compound which in the presence of viable cells has a pink coloration. The

lowest concentration at which no color change occurred is considered as MIC.

3. RESULTS
3.1 Fatty acid composition (GC and GC/MS analyses)

The composition of the fatty acids presents in the licuri fixed oil are listed in table I, the
distribution of the fatty acids was defined as: 71.6% saturated, 24.6% monounsaturated and
3.8% polyunsaturated; in a total of 19 fatty acids detected. Traces of some fatty acids with
odd-numbered carbon atoms have been detected, which are not usually reported in oils in the
literature, such as: Heptanoic acid, Nonanoic acid, Undecanoic acid, Tridecanoic acid,
Pentadecanoic acid, Heptadecanoic acid. The major saturated acid was C., lauric acid
(42.5%), then C.. (10.8%), C. (8.34%), C, (7.53%), C. (5,45%) and C. (4.34%) were also

present in considerable concentrations.

Table 1. Fatty acid composition (Mean = SD) of S. coronata oils.

Fatty Acid % of the total fatty acids
Saturated fatty acids 74.68

Caproic acid Ce:0 Tr
Enanthic acid Cro Tr
Caprylic acid Cso0 6.53+0.06
Pelargonic acid Ca0 Tr
Capric acid C100 4.45+0.10
Undecanoic acid Ci10 Tr
Lauric acid C120 41.5+0.20
Tridecanoic acid Ci30 Tr
Myristic acid Cu0 9.8+0.05
Pentadecanoic acid Cis0 Tr
Palmitic acid Cis0 7.34+0.10
Margaric acid Ci70 Tr
Stearic acid Ciso0 4.3+£0.10
Eicosanoic acid C20:0 0.31+0.002
Behenic acid C220 0.35+0.03
Lignoceric acid Casa:0 0.10+0.04
Monounsaturated fatty acids 22.54
9-octadecenoic acid Cis:1 22.39+£0.45
11-eicosenoic acid C20:1 0.15+0.02
Polyunsaturated fatty acids 2.78

9,12-octadecadienoic acid Cus2 2.78+0.10
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3.2 Microemulsion phase diagram

For the characterization of the ME regions the construction of the phase diagram is of
fundamental importance since its interpretation will describe the present structures and in
what proportions they are presented with greater stability, being able to with that be
determined the region by which the viscosity is more appropriate for the active principle to be
incorporated (SILVA et al., 2009a). The diagram was constructed in three dimensions from
data obtained by titration and by the preparation of a large number of samples in different
proportions.

After the construction of the diagram, liquid and gel microemulsion formulations were
obtained in close regions, in the proportions of 27% to 54% of licuri oil, presented as a
homogeneous system, without phase separation, viscous yellowish and translucent, with pH
between 6.5 and 7.0 and stability after 24h, 15 days and 30 days (Figure 1). According to the
classification of Winsor (1948), the Winsor IV type system occurs when there is no excess of
aqueous or oily phase, forming a homogenous and monophasic system (WINSOR, 1948).

. Phases separation

. Emulsion

. Microemulsion

Cream

% (Licuri Oil)

Figure 1. Pseudoternary phase diagram for the Licuri oil, tween 80, span 80 and water
system.

Table 2 represents the characterization of the stable microemulsions formulated in the

pseudoternary phase diagram, of which without presenting in a small portion of the triangle,
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the licuri oil presents great emulsifying capacity, thus accentuating the formation of emulsions
and/or creams. The microemulsion systems plotted in the diagram, were stable maintained as

good viscosity systems, with low variations during the period evaluated.

Table 2. Caracterization of Microemulsion (24h, 15 days e 30 days).

% 24 hours 15 days 30 days

O/T S80/T80 MA pH °C Ph MA pH VvV ° C Ph MA  pH \Y °C C Ph

27/63 18/44 Tv 65 + WO Tin 65 33 + + WO TN 65 335 + + WO
36/54 16/37 Tv 69 + WO TN 67 34 + + WO TV 65 347 + + WO
45/45 13/31 Tv 66 + WO TN 65 41 + + WO Tiv 65 414 + + W/O
54/36 10/25 Tv 70 + WO TN 65 43 + - WO TN 65 435 + - W/O

MA = macroscopic aspects; A = water, (+) = stable, (-) = Unstable, T = translucent, v = viscous, L = H = lipophilic / hydrophilic

3.3 Toxic activity and acute lethal effect on C. elegans

At the beginning of the experiment the effects of liquor oil on the nematodes were
almost imperceptible even at the highest concentrations of 27% of ME (Figure 2A). In this
way, the effect of the oil only occurred in an active way when the nematode fed and ingested,

increasing its effect after 48 h (Figure 2B) and after 72 h (Figure 2C).

-l | s | — linear regression — G
04 | e . L] 14
- by ¢ Mortality rate . ! {_r__,.—————

§0 8 " ®

% Mortality
% Mortality
% Mortality

Contrd E] [ @ ¢ 1 I i 0 § 10 % 2 ] 0 ¥

Licuri oil Licuri oil

Figure 2. Effect of toxicity on C. elegans (A), linear regression (B) and acute lethal effect (C)

3.4 Streptococcus mutans resistant activity (MIC)

The microemulsion formulated with the licuri oil showed strong activity against newly
isolated strains of resistant S. mutans. CIM values against S. mutans ranged from 15uL/mL to
10pL/mL.



52

4. DISCUSSION

In the present study, we examined some toxicological and pharmacological parameters
of dried fruit oil extract of licuri (Syagrus coronata) and we formulated a pseudoternary
phases diagram to produce in a future an oral septic product. We observed that the majority
compound fatty acid was the Lauric acid, then was detected in almond oils from three species
of the same Licuri family, two of the same genus (COIMBRA and JORGE, 2011; SILVA
BESSA et al., 2016), this same fatty acid is a striking feature in species of the palm family,
such as the seeds of palm and coconut, and therefore studies refer to the licuri oil the same
benefits that coconut oil promotes (LAURELES et al., 2002; BORA and MOREIRA, 2003).
In this way, most oils rich in lauric acid have antibacterial activity, inhibit protozoa, reduce
methane production and ammonia concentration (YABUUCHI et al., 2006).

About the results showed in chemistry profile plus the phases diagram we can observe
that formulations with 10%, 15% and 20% licuri oil presented as liquid and opaque solutions
with white coloration, pH between 5.5 and 6.5, and as phase separation after 24h, where the
oil phase deposited, thus, it was determined that concentrations with 5% of surfactants made
the system unstable, previous studies with the same oil for formulation of emulsions with
humectants purpose, presented similar results, indicating that the surfactants at these
concentrations are insufficient to maintain the stability of the system (LEAL et al., 2013).

Concentrations of 10%, 15% and 20% of surfactants liquid presented opaque systems
with white color, but with great stability after 24h, 15 days and 30 days, presented good
results for emulsified systems, with low viscosity, pH between 5 and 6, similar results were
showed at these same concentrations (LEAL et al., 2013), where the stability of the system
was maintained in the long term, around 180 days. The viscosity evaluation assists in
determining whether or not the evaluated product has adequate consistency or flow, thereby
helping to predict the long-term behavior of the product (BRASIL, 2004).

During the evaluated period the MEs did not present significant changes in pH,
remaining slightly acidic, with values between 6.5 and 7.0. PH is one of the most important
gradients for a system as it will ensure the stability of the ingredients of a formulation
promoting effectiveness and safety. Higher stabilities are achieved with minimal pH
variations (FRANGE and GARCIA, 2010).

There are no studies reporting S. coronata dried fruit oil toxicity therefore there are a
number of experimental attributes that make C. elegans a very successful animal model with a
growing number of publications in developmental biology, genetics, aging, toxicity and

ecotoxicology (DIOGO and MOTA, 2001) its short life cycle of approximately 21 days,
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allowing the accomplishment of studies in a time space practically impracticable in classic
mammalian models; many possibilities related to genetics, since about 60% of the genes of C.
elegans have homologues in mammals (KALETTA and HENGARTER, 2006).

Toxicity tests with nematodes are a promising way to identify the pharmacological
effects of medicinal plants (AN and BLACKWELL, 2003) from which it is assessed through
behavioral responses to exposure. In addition, sublethal parameters help assess the pollutant
effects of exposed populations by helping to unravel their mechanisms and effects (BOYD et
al., 2003; HOSS and WILLIAM, 2009; WEBER and TRAUNSPURGER, 2012).

Although C. elegans is a fast metabolic nematode with high reproductive capacity and
short life cycle (BYERLY et al., 1976), it was noted that its semipermeable cuticle served as a
barrier (CHISHOLM e XU, 2012) and did not absorb the licuri oil in the initial 24 hours of
the experiment, causing this time to have an almost imperceptible effect even at the highest
concentration (27% of the oil) tested.

Thus, the effect of licuri oil occurred actively during the nematode feeding attempt
(AVERY and SHTONDA, 2003) and with the ingestion of the oil, its effect increased after
the second 48h count (graph 1). The lethal effect of the licuri oil became evident for adult C.
elegans obtaining a LC50 of 6.41% of the licuri oil for 72h of experiment (graph 2), while
maintaining the inhibitory expectations studies showed that when evaluated the effects of the
essential oil of Ocimum gratissimum (PESSOA et al., 2002) the oil and its major compound,
eugenol, showed similar effect to the licuri oil.

Studies with the oil extracted from the fruit of Pterodon emarginatus front C. elegans
that were exposed to different concentrations of the oil for 30 min and evaluated the extreme
parameters of stress, antioxidant activity, survival tests, life time and lipid accumulation. Fruit
oil Pterodon emarginatus (0.2, 0.5, 1.0 mg / mL) increased the longevity of the nematodes
without affecting their reproduction, under the conditions of oxidative stress the oil provided
protection against pro-oxidants, decreased production of the reactive oxygen and inducing the
increase of levels of antioxidant enzymes, in addition, observed that the oil reduced the
accumulation of lipids and triglycerides. Thus, low concentrations and exposed for short
intervals of time of Pterodon emarginatus oil exhibited an antioxidant capacity, promoting
increased longevity without affecting the reproductive capacity of C. elegans (DAL FORNO
et al., 2016).

S. mutans is routinely associated with as a cause of dental caries (CARLSSON, 1968).
Studies have been able to identify and prove that Strepetococcus transmitted dental infections
in rodent models (FITZGERALD, 1968) and dental degeneration (LOESCHE et al., 1984;
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LOESCHE, 1986). The microemulsion formulated with the licuri oil showed strong activity
against newly isolated strains of resistant S. mutans. CIM values against S. mutans ranged
from 15uL/mL to 10uL/mL. Studies with the antimicrobial potential of pure licuri oil were
observed against standard strains and freshly isolated strains of S. aureus, which the MIC
values of pure and fixed oil varied from 2uL/mL to 8uL/mL (SILVA BESSA et al., 2016).
The analysis of the data indicates that the fatty acids of the liqueur oil present in ME
presented significant results when compared with the control and with previous studies of the
pure oil. This potential is due to the presence of the bioactive constituents, such as compounds
of saturated fatty acids and monounsaturated fatty acids, of which they were responsible for
the antimicrobial activity.

Fixed and essential oils from medicinal plants are involved in many important actions
related to plant survival, playing prominent role in their defense against microorganisms. The
use of fixed and essential oils as antimicrobials have two main characteristics: 1) their natural
origin and greater safety for users and the environment; 2) there is a low risk of increased
microbial resistance, since its action is due to the mixture of several compounds that,
apparently, presents different antimicrobial action, making it more difficult for
microorganisms to adapt (DAFERERA et al., 2003).

Previous studies have suggested that fatty acids from fixed oils could penetrate the cell
in the non-associated form, solubilizing within the cell and causing the dispersion of the
transmembrane H + gradient. The hydrophobic groups of fatty acids have the greatest
influence on the antibacterial activity (BRANEN et al., 1980; ALTIERI et al., 2005) and the
increase in the chain length of fatty acids increase their hydrophobicity in this way, reducing
their solubility in aqueous systems.

Thus, hydrophobic groups may be prevented from reaching a concentration sufficient to
interact with hydrophobic or lipid proteins on the surface of bacterial cells (WANG e
JOHNSON, 1992) In addition, the antimicrobial activity of monoglycerides can be proposed
by acting as non-ionic surfactants that penetrate and enter the bacterial plasma membrane,
altering membrane permeability (BERGSSON et al., 1998, ALTIERI et al., 2005).

Conclusion

Through pseudoternary phase diagram microemulsion and emulsion formulations
became better visualized as the concentrations were minutely determined to achieve the
desired target. A priori, the microemulsion was formulated for the development of a future

mouthwash and through the tests carried out one can observe what would be the best
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formulations and concentrations of the oil to achieve this purpose. Licuri oil proved to be a
potential natural product for the development of drugs and / or cosmetics due to its
characteristics and activities, presenting great potential for its incorporation in the scientific /

technological and industrial market.
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ABSTRACT

Oral mouthwashes are important resources in oral health maintenance, since it is able to
provide the limitations of traditional mechanical hygiene because it reaches greater access to
the bacteria of the dental biofilm. A great advantage of the use of medicinal plant oils as
emulsions in products is the potentiation of a range of biological and organoleptic properties
which they can confer on the formulations, in addition, such formulations promote an
optimization of the delivery of the drug at the site of action, improving its bioavailability,
reducing toxicity, facilitating administration, reducing the number of interventions and
favoring the efficiency of treatments. In this study, a mouthwash based on licuri was
developed. It was synergistic with the essential oil of mint, used as a flavoring agent. It
showed bactericidal activity below 20ug/mL for several bacteria that promote the genesis of
oral biofilm as well as other oral conditions, low toxicity to C. elegans and as non-irritant by
the coriolantoid membrane method, presenting with this great pharmacological potential, and
its high importance at the scientific, technological and market level.

Keywords: Syagrus coronata, fatty acids, bactericidal activity, C. elegans, HET-CAM.

RESUMO

Os enxaguatorios bucais sdo recursos importantes na manutengdo da saude oral, uma vez que
sdo capazes de suprir as limitagfes da higiene mecanica tradicional por obter maior acesso as
bactérias do biofilme dental. Uma grande vantagem do uso de 6leos vegetais medicinais como
emulsdes em produtos € a potencializagdo de uma gama de propriedades biologicas e
organolépticas que podem conferir as formulagdes, além disso, tais formulagdes promovem
uma otimizacdo da entrega do medicamento no local de acdo, melhorando sua
biodisponibilidade, reduzindo a toxicidade, facilitando a administracdo, reduzindo o nimero
de intervencdes e favorecendo a eficiéncia dos tratamentos. Nesse estudo, foi desenvolvido
um enxaguatorio a base de 6leo fixo de licuri, no qual apresentou sinérgismo com o 0Oleo
essencial de menta, usado como agente aromatizante. O enxaguatorio evidenciou atividade
bactericida abaixo de 20 pg / mL para varias bactérias que promovem a génese do biofilme
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oral, bem como outras afecc¢des bucais, baixa toxicidade para C. elegans e como néo irritante
pelo método da HET-CAM. O enxaguatorio apresentou 6timo potencial farmacologico e,
consequentemente, grande importancia a nivel cientifico, tecnoldgico e social.

Palavras-chave: Syagrus coronata, acidos graxos, atividade bactericida, C. elegans, HET-CAM.

1 INTRODUCTION

Licuri (Syagrus coronata) is one of the most well-known native palm trees in Brazil and
has great potential as an oleaginous (LINS et al., 2002). Predominantly of dry and arid regions
of the Caatinga, presents / displays high socioeconomic value for diverse communities of the
northeast, where this species is harnessed in its totality, being considered like fundamental
provider of subsidies for the subsistence of the population of that region (LEAL et al, 2005).
The licurian oil is extracted from the almond present internally in the fruit of the licurizeiro,
which is widely known for its nutritional value, where it contains nutrients such as copper,
iron, manganese, zinc, calcium, magnesium and is rich in beta-carotene, already the almond
contains iron, manganese and selenium (CREPALDI et al., 2001), These properties guarantee
a good functioning of the nervous and immune system, prevention of osteoporosis and
strengthening of bones, such as atherosclerosis, heart problems, rheumatoid arthritis,
infections, hypoglycemia, inflammation, lupus, etc. (GELEIJNSE, 1994; HITOSHI et al.,
1995; ANJO, 2004; KONOFAL et al., 2004; MORAES and COLLA, 2006). In addition to all
these properties, the oil extracted from the licuri kernel can be used in the production of
biodiesel, in the pharmaceutical industry and in the cosmetics industry. (LEAL et al., 2013).

The sucrose and glucose derived from the diet are the main energy sources for S.
mutans, through their metabolism leads to the formation of acidic compounds that promote
the reduction of pH in the biofilm (5,5), generating solubilization of hydroxyapatite, the main
mineral constituent of dental enamel. This process causes the superficial demineralization of
the tooth and bacterial spread on the damaged tissue, initiating the dental caries (LEITAO et
al., 2004).
The use of mouthwashes has become increasingly frequent as a particularly important
resource for oral hygiene, mainly because it presents some advantages such as easy use,
refreshment, palatability and access to bacteria even in areas of greater difficulty, thus
integrating barriers to oral hygiene mechanics (ASADOORIAN, 2006). It is important to
highlight the adjuvant benefits of mouthwashes, which are of great importance for children
and the elderly, from whom, in general, they are less resourceful or unable to achieve

adequate brushing.
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Extracts and plant oils and their compounds isolated have shown antibacterial potential
against several oral pathogens (AMBROSIO et al., 2004; PORTO et al., 2009). A study
carried out with mouthwashes containing oils extracted from plants showed efficiency in
inhibiting the production of volatile sulfides by oral bacteria, which are the substances
responsible for halitosis (BRITTO et al., 2009).

Many essential and fixed oils share anti-inflammatory and antioxidant effects (FDA,
2003; MIGUEL, 2010), properties that may associate therapeutic value with formulations.
Thus, the advantages of using these oils in oral health products are the range of biological and
organoleptic properties which they can additionally grant to the formulations to the use of
active ingredients of organic origin in emulsion and microemulsion formulations which may
increase the efficiency of these products (BASTO et al., 2016).

In this way, this study aimed to formulate, develop and characterize a mouthwash
containing liqueur fixed oil, to test microorganisms that cause caries and other oral conditions,
besides evaluating behavior through the checkerboard method, to verify the behavior in
association with the essential oil of mint, its cytotoxicity against C. elegans and the irritability
index with the HET-CAM test.

2 MATERIAL AND METHODS
Plant materials and chemicals

Fixed licuri oil and peppermint oil were marketed from Licuri Brasil located in Bahia
and Ferquima located in Sao Paulo, respectively, characterization analyzes of the essential oil
of peppermint and of the fatty acids present in the licuri oil were done by gas chromatography
(GC and GC / MS analyzes).

Formulation

The formulation of the licuri-based mouthwash was done by visual inspection of the
licuri oil, surfactant and water blends, then a pseudoternary phase diagram (BASTO et al.,
2016) was developed after plotting the dots, we chose the best formulation that suited the

standard blend for the development of a mouthwash.

Physical-chemical characterization of mouthwash

2.3.1 Microscopy of polarized light
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The formulation was placed on covered glass sheet with cover slip and then observed
under a polarized light microscope (Olympus BX-50). It was examined whether the sample
would show transparency (possible microemulsion) or formation of apparently translucent

regions (emulsion).

2.3.2 Droplet size
The droplet size of the formulation was determined with the aid of a Particle Analyzer

model Litesizer ™ 100 (Anton paar) at room temperature.

2.3.3 Zeta Potential
The zeta potential value was determined with the aid of a Litesizer ™ 100 (Anton paar),
in order to evaluate the stability of the proposed system through the conductivity of the

system.

2.3.4 Rheology
In order to determine the rheological behavior of the mouthwash, a MCR 72 Rheometer
with PP50 with temperature control P-PTD200/AIR (Anton Paar) was used, using a parallel
plate measuring geometry of 50 millimeters in diameter. All tests were done at 25°C. With
this type of test, it is possible to verify the behavior of the viscosity of the sample according to
the variation of the shear rate. The assay was performed considering a rate variation of 10 to
100s-.

2.3.5 pH
The pH value of the microemulsion was determined by a peg diameter (Digimed, model
DMPH-2).

2.3.6 Centrifugation
The mouthwash was centrifuged after preparation at 956g for 30min at room
temperature in order to determine its stability as a single phase isotropic system (Stability
Guide of Cosmetic Products / ANVISA, 2004).
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Checkerboard study

The checkerboard method was performed using 96-well microtiter plates (GUTIERREZ
et al., 2008), to obtain the CIF index (Fractional Inhibitory Concentration). The microplate
assay was organized as follows: Fixed licuri oil (OF) was diluted twice along the x-axis, while
mint essential oil (OE) was diluted twice along the y-axis. The final volume in each well was
100upL, including 50uL of each OF dilution. Respectively, 100uL of medium containing 2x10¢
CFU/mL of the indicator strain was added to all wells. The plates were then incubated at 37°C
for 18h. The CIF indexes were calculated as CIFA + CIFB, where CIFA and CIFB are the
minimum concentrations that inhibited bacterial growth for OF and OE, correspondingly.
Thus, the CIFs were calculated as follows: CIFA = (CIMA/CIMA combination alone) and
CIFB = (CIMB / CIMB combination alone). The results were interpreted as synergy (CIF
<0.5), additive (0.5 < CIF < 1), indifference (1 <CIF < 4) or antagonism (CIF> 4), all

experiments were done in triplicate.

Anti-bacterial activity of the licuri mouthwash (MIC)

The minimum inhibitory concentration was determined by the microdilution method
(FERRARO, 2008). The microdilution was done in triplicate. In a solution containing
microemulsion and Mueller Hinton Broth medium (MHB) were added 100ul (approximately
1.5 x 10°.CFU ml) of bacterial suspension. Samples were incubated for 24h at 37°C. For the
test reading 7-hydroxy-3H-phenoxazine-3-on-10-oxide or resazurin (0.01%) was used, is a
blue oxide-reducing indicator compound which in the presence of viable cells shows color

pinkish. The lowest concentration at which no color change occurred is considered as MIC.

Nematicidal activity (acute test) with C. elegans front bucal mouthwash and commercial
mouthwash

In order to perform the experiments, two different concentrations of 1% and 5% diluted
in autoclaved drinking water of the licuri and industrial rinse (Cepacol) plus the positive
control were used in a methodology adapted from DAL FORNO et al. (2016) made in
triplicate. The experiment was performed in 24 well titration plates, for each replicate with
100 adult nematodes/well the different concentrations of the nasal spray and the positive
control were exposed. Mortality was assessed every 24 hours for three subsequent days. Data

were transformed to percent mortality.
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Irritability test by the chicken egg chorioallantoic membrane method (HET-CAM)

The HET-CAM test (Figure 1) was performed according to the methodology described
by STEILING et al. (1999), and was done on the tenth day of incubation of the fertilized eggs.
Initially, the reservoir above the egg's airspace was removed. The egg's chorioallantoic
membrane was exposed and moistened with 0.9% physiological saline solution. A 200uL
aliquot of the rinse was applied to the chorioallantoic membrane, then the membrane was
observed for 5 minutes in order to identify signs of hyperemia, hemorrhage and coagulation.
The time (in seconds) that each of the initiated signals is applied in the formula (Figure 2)
(VARGAS et al., 2007). The negative control used was sodium lauryl sulfate1%.

Through this formula (Figure 2) the observed irritation potential was quantified. The irritation
index is determined according to the following values: 0.0-0.9, without irritation; 4.9, slight
irritation; 5.0-8.9, moderate irritation; and 9.0-21.0, severe irritation (STEILING et al., 1999),

all assays were done in triplicate.

- et

for removal of the outer shell above the egg's airspace; (C) Humidification of the protective film of the white
membrane chorioallantoic membrane with saline solution; (D) Removal of white membrane; (E) Exposure of the
Chorioallantoic Membrane of the egg and application of 200 pL of the control solutions or samples and (F).

(301 - Hemorrhage) x 5 + (301 - Vasoconstriction) x 7 + (301 - Coagulation) x 9
300 300 300

Figure 2. Formula used for calculations of irritation in the HET-CAM test.



3.1

3.2

67

3 RESULTS
Mouthwash Formulation

After the phase diagram was elaborated by BASTO et al.,, 2017 (result not yet
published) the mouthwash formulation based on licuri oil was obtained, a final composition of

the mouthwash formulation is presented in Table 1.

Table 1. Final composition of mouthwash formulation containing fixed licuri oil.

Compounds Quantity (%/V)
Licuri Fixed Oil 1
Polysorbate 80 6,62
Sorbitol 3
Menthol 0,1
Saccharin Sodium 0,02
Sodium benzoate 0,1
Purified water g.s.p. 100,00

Physical-chemical characterization of mouthwash

During the visual inspection, the mouthwash obtained was presented as a transparent
and non-formed phase. The analysis by polarized light microscopy confirmed the acquisition
of an isotropic system, since the microemulsion did not generate deviation in the plane of
polarized light and did not present double refraction.

After centrifugation for 30 min, 956 g at room temperature, there was no particle
precipitation and phase separation. Table 2 presents the results obtained for some physical-
chemical parameters analyzed, while in Figure 3 the rheological behavior determined for the

mouthwash can be observed.

3.3  Checkerboard study

The assay revealed that the association between licuri fixed oil (Syagrus coronata) and
peppermint oil (Mentha piperita) showed a synergistic effect against strains of resistant S.
mutans, showed a fractional inhibitory concentration (CIF) of 0.25 in this way, synergism is
considered when the CIF <5 (STEILING et al., 1999), that is both in association cooperated

in antimicrobial activity.
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Table 2. Physical-chemical characterization of mouthwash formulation.

Characteristic Result
Droplet Size (nm) 83,85 (£2,0)
Polydispersity index 0,287 (x0,3)
Zeta potential (mV) 9,3 (+0,73)
Conductivity (uS/cm) 584,0(x 0,20)
Density (g/mL) 0,02
Viscosity (mPa.s) 1,18
pH 6,5
Droplet Size (nm) 83,85 (£2,0)
1000 r
100 r
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g
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Figure 3. Rheological behavior of mouthwash formulation.

3.4  Anti-bacterial activity of the licuri mouthwash (MIC)

The antibacterial potential of the mouthwash against oral microorganisms was evaluated
by the microdilution method in microplate according to the methodology recommended by
the Clinical and Laboratory Standards Institute and adapted by FERRARO, 2008. The
mouthwash was tested at concentrations of 5 to 60uL and the negative control. Triplicates of
each concentration were made for each sample analyzed. The results of these tests are
presented in Table 3.
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Table 3. Minimum inhibitory concentration (MIC) values of mouthwash on oral microorganisms.

3.5

Cepas 1,5x109CFU/mI pg/mL
Streptococcus mutans 17,5
Streptococcus salivarius 17,5
Lactobacillus acidophilus 15
Staphylococcus aureus 15
Escherichia coli *

Candida albicans -

- there was no growth in any of the concentrations. * = remained the same as the negative

control (viable).

Antimicrobial and antifungal properties of fatty acids have been known for centuries.
Some fatty acids, such as undecylenic acid (C10), are used against potent fungal pathogens
(JURENKA, 2002). Essential oils are classified as moderately active those with MIC values
between 100 and 400 pg/mL. Thus, the licuri-based mouthwash was very active against S.
mutans, S. salivarius, S. aureus, L. acidophilus and C. albicans, in relation to E. coli remained

indifferent.

Nematicidal activity (acute test) with C. elegans front bucal mouthwash and commercial
mouthwash (Cepacol-)

The licuri mouthwash presented low toxicity in relation to the industrial mouthwash, but
both showed higher mortality rates with prolonged exposure (72h). Mortality in the 1% licuri-
based mouthwash in 24h was approximately 2.48%, in 48h it was 11.55% and in 72h it
increased to 30%. For the 5% licuri based mouthwash, a mortality rate of 5.55% was obtained
for 48 hours, 48 hours passed to 25.48% and in 72 hours the rate was 54%, it was suggested
for this percentage of mortality that after 48 hours the nematodes began to ingest the medium,
thereby intensifying the toxic effect and thus the mortality rate increased.

For 1% cepacol- the results were, in 24h of 9.54%, in 48h of 32% and after 72h it was to
36%, whereas 5% of cepacol presented results with higher mortality rates, in 24h was of
37%, in 48h of 89% and in 72h of 90%. In addition, it should be noted that the positive
controls of the substances had different values in relation to the tested rinses, which was
around 18% for the licuri-based mouthwash and 95% for Cepacol«, that is, the industrial
mouthwash presented was strongly toxic when the licuri mouthwash was slightly toxic only

after 72 hours of exposure (Figure 4).
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Figure 4. Mortality rate for the licuri-based mouthwash (MW) and industrial mouthwash Cepacole (CP) at concentrations

3.6

of 1%, 5% and positive controls after 24h, 48h and 72h.

HET-CAM Test

The assay was used to analyze the inflammatory and vascular effects caused by the
licuri fixed oil base mouthwash. No significant changes were observed in the chorioallantoic
membrane of the embryo, without occurrence of hemorrhage and coagulation (score range 0
for both, Table 4), only presenting a slight vasoconstriction at the end of the determined time,
but when counting in the equation (Figure 2), it presented a score in the score range of 0.41,
establishing itself as non-irritant in the category of irritation scale (Figure 5).

Table 4. Punctuation range X Irritation category, basis for the HET-CAM test.

Score range Irritation Category
0-09 Not irritating
1-49 Slightly irritant
5-89 Moderate irritant
9-21 Severe irritant
0-09 Not irritating

Figure 3. Rheological behavior of mouthwash formulation.
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Figure 3. Rheological behavior of mouthwash formulation.

DISCUSSION

An antimicrobial substance applied in a mouthwash must present some characteristics
that favor the reduction of the formation of bacterial plaques, are: intrinsic effect against oral
microorganisms (VAN DER OUDERAA, 1991). Physical-chemical stability, absence of
adverse reactions such as spots or interactions with the mucosa, toxicological safety and
ecological safety, in other words, the use of the agent should not result in the development of
bacterial resistance or stimulate the growth of opportunistic organisms (RANNEY, 1989).

In addition to the active antimicrobials, other substances commonly used in
mouthwashes are surfactants, thickeners, flavorings, sweeteners, dyes and preservatives, in
concentrations that ensure human safety, stability and also provide organoleptics
characteristics to the formulation (VAN DER OUDERAA, 1991). Thus, the emulsion
components were selected in order to achieve a more conjugate system possible with the
properties described above.

Mint essential oil was used as a refreshing agent and as a flavoring agent, research
shows that the associations with menthol promote potentiation of the antimicrobial action due
to a mechanism of bacterial cell wall alteration (CIANCIO, 2004). Sodium benzoate was used
as a preservative because it is widely accepted and used in medicines, cosmetics and, as a
preservative in the food industry, the maximum concentration allowed by cosmetic legislation
and 0.5% (ANVISA, 2004). So, the National Health Surveillance Agency classifies
mouthwashes as cosmetics personal hygiene, the concentration of preservative used are within
the limit allowed by legislation.

Sodium saccharin has been used as a flavoring and mouthwash sweetener because it is a
non-cariogenic sweetener that is highly soluble in water and provides a pleasant flavor to the
formulation with low caloric value. The presence of alcohols in the rinse formulations still

persists in many formulations due to the benefits of their use in the dissolution of active
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constituents, refreshment sensation, preservation and germicidal activity (QUIRYNEN et al.,
2005).

Some examples of commercially available mouthwashes that contain alcohol in their
formulation are Listerinee, Plaxe, Cepacole and Periogarde. However, because of its negative
effects associated with alcohol use such as increased cytotoxicity and irritation to oral
mucosal cells, dryness, contraindications to use in pregnant women, infants, children, and
even increased genotoxic effects on mucosal cells (MASCARENHAS, 2004; PITHON et al.,
2011; SOUSA, 2014), in this way, it was decided to formulate an alcohol-free and as natural
as possible.

For the incorporation of the oil phase composed of licuri oil was made through a
mixture of surfactants/co-surfactant composed from polysorbite 80 and sorbitol in the ratio of
1: 1: 3 (BASTO et al., 2017, unpublished data). The proportion surfactant/co-surfactant used
in the formulation was obtained from the pseudoternary phase diagram and was chosen in
order to promote the solubilization of the oil in the aqueous phase in a non-toxic way and to
adjust the concentrations of the other components of the formulation, thus developing an
apparently translucent emulsion with higher aqueous content (approximately 90% of the total
composition) and lower viscosity.

The concentration of the licuri fixed oil to be served in the formulation was 1000ug/mL,
since the minimum inhibitory concentration was 20ug/mL determined for resistant S. mutans.

After the development of mouthwash, some physical-chemical properties were analyzed
in order to investigate if the formulation presented characteristics of a system. A
microemulsion is characterized by being a thermodynamically stable and isotropically
translucent system of two immiscible liquids (oil/water or vice-versa) stabilized by an
interfacial surfactant film (ROSSI et al., 2007).

Microemulsion systems are composed of dispersed and dynamic particles whose
diameter ranges from 5 to 100 nm (ROSSI et al., 2007; ROSHAN DEEN et al., 2009). The
analysis of the droplet size together with the polydispersity index, which indicates the
molecular weight distribution of the particles, makes it possible to show, together with other
parameters, whether or not to obtain a microemulsified system. Thus, the droplet size of the
formulation of approximately 84 nm and the polydispersity index calculated at 0.287 indicate
obtaining a microemulsion. Nanogots contribute to a thermodynamically more stable system
and decrease the dispersion thereof, since they are less susceptible to sedimentation and
flocculation. (; ROSSI et al., 2007; BASTO et al., 2016).
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After centrifugation for 30 min, 956 g at room temperature, there was no particle
precipitation or phase separation, which suggested a stable single phase isotropic system.
Through the zeta potential, the trajectory of the charged particles was evaluated by means of a
liquid dispersion, that is, the electrostatic interaction of the particles presents in the dispersed
medium.

The nonzero zeta potential, which is negative or positive, indicates that there is
repulsion between the particles of the system, which favors the stability of the dispersion,
since these particles are less likely to aggregate (PATEL et al., 2010). Thus, the determination
of the zeta potential of the mouthwash in 9.3 mV promotes the obtaining of a stable system,
due to the positive charge of the particles.

Conductivity assessments provide an important means of solving aqueous or oily

continuous fields in a microemulsified system (LAWRENCE and REES, 2000). Thus, the
calculated conductivity at 584.0uS/cm for the formulation indicates the ability of the aqueous
solution to conduct electric current due to the presence of ions, which suggests an oil-in-water
microemulsion with direct microdroplets, that is, an agueous system in which the oily phase is
dispersed. Then, the polar head of the surfactant is directed to the aqueous continuous phase,
while the non-polar tail is directed into the hydrophobic interior of the micelle (GOMES,
2009).
The viscosity can be understood as the resistance to the flow of a liquid, being controlled by
the internal frictional forces between the atoms of that liquid. The greater the flow of a liquid
on a given surface the better the adhesion. The shear stress versus shear gradient graph
presented in Figure 2 shows that through the linear relationship obtained the formulation has a
characteristic rheological behavior of Newtonian fluids, which is expected for most dissolved
solutions of surfactants (ionic or non-ionic) (ROSSI et al., 2007).

Thus determining that the constant of proportionality of the line is the viscosity itself
calculated at 1.18 cP. Thus, the rinse has uniform viscosity independent of the degree of
deformation, a characteristic favorable to maintaining viscosity regardless of factors such as
agitation and rinsing time, for example. Another important property of mouthwashes is their
pH value, which when below 5,5 is considered critical for the dissolution of dental tissues in
relation to the time of exposure (LIMA et al., 2005). Thus, it is ideal for the pH of a
mouthwash to remain above this value and close to the physiological pH of the oral cavity,
around 7 (SOUSA, 2014). Thus, the pH 6.5 presented by the formulation is within acceptable

limits.
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The Checkerboard method is a technique used to evaluate in vitro the antimicrobial
activity of combinations of antimicrobial agents. The conveniences of the method are several
(1) easy to understand, (2) simple mathematical interpretation and calculations, (3) can be
used in microdilution systems and (4) a techniqgue commonly used in synergism studies
(ONYEJI et al., 1994).

Studies of synergism between natural products and some antibiotics have been proposed
in recent years by several researchers. MANDALARI et al. (2010) analyzed the antimicrobial
potential of polyphenols extracted from almonds, showing synergistic and indifferent
interactions on Samonella enterica and Staphylococcus aureus. FERNANDES (2011)
observed synergistic effects of Psidium guinean Swartz in combination with antimicrobial
agents on strains of methicillin resistant Staphylococcus aureus (MRSA) and PUHL et al.
(2011) found synergism with crude extract and fractions of Piper gaudichaudianum Kuntze
with antibiotics of (ceftriaxone, vancomycin, and tetracycline).

These studies have confirmed that extracts and other substances from medicinal plants
not only have antibacterial qualities, but also have the ability to interfere with antibiotic
activity, demonstrating a synergistic or antagonistic effect. In this work, the antimicrobial
effects of the interaction of the fixed oil of licuri and the essential oil of mint against S.
mutans were evaluated by the most effective MIC of each sample combined and the
calculation of their respective CIFs. It also showed synergistic activity (MIC = 0.25). It is
believed that the fixed oil of licuri because it is formed by long chains of fatty acids promoted
the fixation of volatile peppermint oil, which, it is an essential oil has a higher capacity of
volatilization, in this way, the union of both oils required advantages for both and developed
the potentialization of the system.

Antimicrobial activity was performed with different oral microorganisms evaluated as
significant in the formation of dental caries and other oral infections. The complete
mouthwash formulation exhibited a minimum inhibitory concentration of approximately
20pg/mL. Therefore, according to the classification of SALEEM et al. (2010), mouthwash
can be considered as strongly active against S. mutans, S. salivarius, S. aureus, L. acidophilus
and C. albicans.

Studies with S. coronata oil fixed and essential oil pure showed similar activity against
S. aureus, from which the activity was extremely strong with concentrations of 0.002 uL/mL
to 0.08 uL/mL for eleven of the 16 S. aureus strains tested in the same way, activities against

the fixed oil of licuri (to approximately 56%) in microemulsion solution developed from the
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pseudoternary phase diagram showed activity against resistant S. mutans, with a concentration
about 20ug/ml. (HUGHES et al., 2013; SILVA BESSA et al., 2016).

Other studies with fatty acids of different plants showed the action of these acids against
S. aureus, so that these acids involved in the interruption of the cell membrane inducing
energy interference within the bacterial cell (KENNY et al., 2009). In the present study, it was
found that the presence of a fixed oil extracted from Verbascum undulatum showed moderate
activity (MIC = 62.5 ug/ml for S. aureus). In its mechanism of action, there were holes/pores
in the bacterial membrane causing cell lysis (MAGIATIS et al., 1998).

Through the results obtained, it was verified that the mouthwash presented moderate or
active inhibitory activity on the microbial growth for the gram-positive species tested. These
results appeared to be quite promising, especially for gram-positive bacteria, since the
mouthwash showed an inhibitory effect on both the most sensitive and the most resistant
strains, for example, strains of S. aureus and S. mutans are multidrug-resistant, being sensitive
only to more potent antibiotics such as Vancomycin, an antimicrobial that provides significant
toxicity and requires medical monitoring in its administration (MARANGONI and
ROUSSEAU, 1998; SOUZA et al., 2005).

The low or even absent inhibitory activity of the nasal spray on Gram-negative bacteria,
especially E. coli, may be related to the structural differences of these bacteria in relation to
gram-positive bacteria; presence of an outer membrane on the peptideoglycan, capsule
presence, porins (KONEMAN et al., 2001), may be blocking the action of the bioactive
components of the mouthwash. Another assumption for this resistance may be because the
potentially active substances are present in very low concentrations.

The model with C. elegans presents a series of experimental tribulations that make this
test a very productive animal model with an increasing number of publications in
developmental biology, genetics, aging, toxicity and ecotoxicology (DIOGO and MOTA,
2001). Its short life cycle of approximately 21 days allows studies to be carried out in a period
of time practically impossible in classic mammalian models, as well as many possibilities
related to genetics, since about 60% of the genes of C. elegans have homologues in mammals
(KALETTA and HENGARTER, 2006).

The toxicity to nematodes is shown to be a promising way to identify the
pharmacological effects of medicinal plants (AN and BLACKWELL, 2003), which is
analyzed through behavioral responses to exposure (HOSS and WILLIAM, 2009; WEBER
and TRAUNSPURGER, 2012). Thus, the mortality tests with the mouthwashes (Licuri and
Cepacols) presented discrepant results regarding pure substances (positive controls), where
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the industrial mouthwash showed to be extremely toxic obtaining a mortality rate of almost
100% of the population after 72 h, the licuri-based mouthwash obtained a maximum
percentage of mortality after 72 hours of exposure at a maximum rate of 32%.

Studies have reported similar data compared to licuri products (BASTO et al., 2017,
undated publications), where at concentrations slightly above the relapsing had mortality rates
lower than 40% with 72 hours of exposure. For the concentrations of the 1% rinses the results
were similar with low variations, but considering the standard deviation the mortality rate was
almost null for both. In the 5% concentrations, the results were higher for Cepacole, where it
showed rates of approximately 90% of mortality against 60% for the licuri mouthwash, these
rates were weighted after 72h of exposure, thus, the effect of the active substances (AVERY
and SHTONDA, 2003) and their ingestion, their effect increased after the second 48-h count
(Figure 4).

A study carried out with fixed oil of Pterodon emarginatus at different concentrations
for a period of up to 30 minutes presented several benefits for nematode populations C.
elegans, where it increased the longevity of nematodes without affecting their reproduction,
under oxidative stress conditions, the oil provided protection against pro-oxidants, decreased
the production of reactive oxygen and induced the increase of levels of antioxidant enzymes,
in addition, it was observed that the oil reduced the accumulation of lipids and triglycerides.
Thus, low concentrations exposed during short intervals of oil exhibited antioxidant capacity,
promoting greater longevity without affecting the reproductive capacity of C. elegans (DAL
FORNO et al., 2016).

This assay aims at the semi-quantitative evaluation of the irritant potential of a
substance (soluble products, emulsions, gels and oils) on the chicken embryo egg
chorioallantoic membrane on the tenth day of incubation.

The test is based on observation (microscopic and naked eye) of the irritating effects
(vasoconstriction, hemorrhage and coagulation), that after 5 minutes a scale is obtained that
considers the phenomena observed. (BRASIL, 2012). It is of great relevance the toxicological
evaluation of micro or nanostructured materials, due to its dimensions and shapes, often able
to transpose tissues and cause cellular damage (RAMPINO et al., 2013).

In the present study, the mouthwash presented a non-irritant according to HET-CAM,

which allows its use in cosmetics and in parallel its human use.



77

Conclusions

Analyzing the results obtained in this work according to the methods used, it can be
concluded that: the liqueur-based mouthwash presented as a microemulsion with great
stability, interacted synergistically with the essential oil of mint potentiating the formulation,
thus, the concentration for the bactericidal activity was low, as it did not present toxicity to C.
elegans and the irritability test proved to be non-irritant.

This study evidenced the high pharmacological value of licuri oil, generating the
development of new technologies, training and capacity building for human use with the aim
of propagating advanced techniques and new strategies in the study of oral diseases. It is in
this academic and social context that such importance is justified for the study and

development of new technologies with licuri oil.
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4 CONCLUSAO

As emulsdes se apresentam como formas farmacéuticas de libertacdo controlada, tanto
para uso veterinario quanto para uso humano, e tém sido desenvolvidas adotando tecnologias
simples, eficientes e de baixo custo. Os sistemas microestruturados promovem a liberagdo
gradual dos compostos, ampliam o tempo de contato e, por apresentarem fracbes com
tamanho reduzido, contribuem para a deposicdo de um maior nimero de particulas na
superficie da célula-alvo, além de expor essa célula a uma maior quantidade da substancia
ativa.

Nesse contexto € interessante ressaltar que o diagrama de fases pseudoternario tornou as
formulacBes tanto de emulsdo quando de microemulsdo mais visiveis em decorréncia das
concentragdes terem sido minuciosamente determinadas para atingir os resultados esperados.

O enxaguatorio bucal a base de licuri apresentou-se como uma microemulséo de grande
estabilidade e por ter interagido de forma sinérgica com o 6leo essencial de menta
potencializou a formulacdo de tal forma que, mesmo em baixa concentracdo, mostrou
atividade bactericida sem apresentar toxicidade frente ao C. elegans e irritabilidade frente ao
teste de HET-CAM.

Finalmente, os resultados obtidos utilizando o 6leo de licuri frente a afeccdes orais
contribuiram para reafirmar tanto o potencial farmacoldgico da Caatinga quanto a necessidade

de instituir medidas para sua preservacao.
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Resumo

A utilizagdo de forma mdiscniminada dos medicamentos veterinarios ndo compromete apenas a ceficiéncia,
também clevam os custos dos tratamentos, independente da espécie animal. Diante da importancia da industria
farmacéutica veterinaria para a cconomia brasileira visando contribuir dirctamente para manutengdo da saide ¢ da
produtividade animal, com cssa revisdo objetivou-se abordar sobre novos sistemas de liberagdo controlada de
farmacos, especialmente as emulsdes ¢ microemulsdes utilizadas no tratamento veterindrio. As emulsoes sdo
misturas uniformes de pequenas particulas de uma substincia num determinado fluido, no qual ndo ¢é solavel. Essas
emulsdes sdio dispersoes coloidais formadas pelas fases dispersa ¢ dispersante, além do agente emulsivo que
contribui para cstabilizar a emulsiio. As microemulsdes s3o  sistemas homogéneos pouco viscosos ¢
termodinamicamente cstaveis. Apresentam dimensdcs vanando entre a cscala micrométrica ¢ nanométrica,
transparéncia Otica, capacidade de veicular farmacos hidrofilicos ¢ lipofilicos, além de serem formadas facilmente
pela mistura de seus componentes. Nos sistemas de liberaclo controlada de farmacos, mesmo utilizando pequenas
quantidades de principios ativos, ocorre uma otimizacdo da acio do farmaco com consequente melhoria de sua
biodisponibilidade ¢ diminui¢do de sua toxicidade, além de facilitar sua administra¢do. Finalizando, o0s sistemas de
liberag@o controlada de firmacos, como as emulsdes ¢ as microemulsdes, podem contribuir significativamente para
a evolucdio da terapéutica veterindria por proporcionar o desenvolvimento de fiirmacos mais eficientes e atender as
necessidades da industria animal moderna,

Palavras-chave: animal, farmacologia, terapéutica,

Abstract

The indiscriminate use of veterinary medicine products compromises not only its efficiency, but also increases
treatment costs regardless of amimal species. Given the importance of veterinary pharmaccutical industry for
brazilian economy and with a view to contribute directly to maintenance of animal health and productivity, the
objective of this review was to analyze new controlled drug release systems, especially emulsions and
microcmulsions, used for veteninary treatments. Emulsions are uniform muxtures of small partickes contained in a
particular fluid in which it is not soluble. Such emulsions are colloidal dispersions formed by dispersed and
dispersing phases, i addition to the emulsifying agent which contributes to stabilize the emulsion. Microemulsions
are homogeneous, non-viscous and thermodynamically stable systems. They exhibit dimensions varying between
micrometric and nanometnic scale, optical transparency, the ability to transport hydrophilic and lipophilic drugs,
besides its ease to be obtained by mixing their components. In controlled drug delivery systems, even using small
amounts of active principles, there is an optimized activity of the drug with consequent improvement of it
bioavailability and decrease toxicity, thus facilitating its admunistration. Finally, controlled drug delivery systems,
such as emulsions and microemulsions, may contribute significantly to evolution of veterinary therapy by providing
more efficient drugs, which meets the needs of modem animal industry.

Key-words: amimal, pharmacology, therapeutics,
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Ibstract: In Brazil the estimated wvalue spent on phytotherapics is
millions of dollars and with exponentizl growth, dus to the change in
society's behavior in search of the less synthesized products and with a
"Green, Clean and Ethical" trajectory. 3vagrus coronata popularly known
as licuri, is a palm commonly found in dry and arid regions of the
Caatinga and has great social and economic importance for the regiom.
Recent studies have shown that the extracts or fractions of this plant
have anti-Leishmania, antimicrobial and antioxidant properties in
addition to potential for use as biodiesel and topical emulsicn as a
moisturizer. In this study a microemulsion of the licuri oil was
formulated through the pseudoternary phase diagram and for the
microemulsion the concentration of the fixed oil of licuri was around
40%, presenting stability for a period greater than 90 days, the
microemulsion was tested for acute toxic and lethal activity against C.
elegans, which at low concentrations were stable, but at concentrations
higher than 27% at a time of exposure of 72h showed a toxicity between
6.41%, already in activity resistant 5. mutans showed inhibitory activity
among 10pL/mL. A1l activities evaluated had promising potential for
licuri bassd products.
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Mouthwash with licuri fixed oil (Syagrus coronata):
characterization, checkerboard study with essential oil of mint,
antibacterial activity, nematicide and HET-CAM
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Oral mouthvemshes are mportant resources in oral heskh meicfenance, since i iv sbis o prowvids the bmatsticrs of

fracisionsl mechamcal hymene becpuse & reaches grester aroess £ the bactena of the dertal biofim. A grest scentage of
the u=ze of medicingl plart cils a5 smulsions in products i= the poterbabon of 3 renge of biologacal and orgamolephic
properties which they can confer on the fonm ulations, inaddesion, much fonmulations promote 2n aptirmizaton of the delvery
of the drug at the sie of aCTion, Improsang s bloavallabiity, reducing tosdry, fadifating administratkon, redudng the
rrumber of Interveraions and favoring the effsckency of reatmens. I this study, 3 mouthwash based an licuri was developed.,
uwas synergistic with the essenmdal oll of ming, wed 35 2 Navening agent. It showed bamericidal acdvity belovw 20ugimL for
several bactena that promote tha genssis of ozl bioflm a5 wall 35 cahar aral conditions, |ow Domicing to C. alegens and as
Fran-irfitant by thi corsdlantoid membrana method, praserting with ths great pharmacological potantial, and it Figh
impanants & e scwetific, echnelegical and markst level.

1 Introduction

Licuri [S§yegrus coronata) is ane of the most well-known native
palm trees in Brazil and has great porential as an akeaginous [1].
Predaminantly of dry and arid regiens of the Caatinga, presents
J displays high sociseconomic value Tor diverse communities of
the northeast, where this specles Is hamessed In ITs Totally,
being considered like fundamental provider of subsidies for the
subsistence of the population of that region [Leal et al, 2005]).
Thie licurian oil is extracted from the almand present internally
in the Fruit of the Bowrizeiro, which is widely Enown foar its
nutritional walue, where IT contains nutrients such as Copper,
iran, manganese, 7inc, calcium, magnesium and is rich in beta-
carotene, already the almond Conlaing iron, manganese and
selenium [CREPALDI ot al, 2001}, These properties guarantee a
good functioning of the nervous and immune system,
prevention of osteoporosis and strengthening of banes, such as
atherosclerosis, heart problems, rheumatoid — arthrits,
infections, hypoglycaemia, inflammation, lpus, e [ANIO,
2004; GELEUNSE, 1994, HITOSH| et al, 1995; MORAES & COLLA,
2006; KOWOFAL et al., 2004). In addition ta all these properties,
the oil extracted from the licuri kernel can be wsed in the
production of biodiesel, in the pharmaceutical industry and in
the codmetics industry. LEAL &r al, 2013).

The sucrase and glucese derved from the diet are the main
energy sources for 5 motons, through their metabolism leads
1o the formation of addic compounds that promote the
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reduction af pH in the blofilm (5,5], penerating solubiization of
hydroxyapatite, the main mineral constituent of dental enamel.
This process causes the superficial demineralization of the tooth
and bacterial spread an the damaged tissue, initiating the
dental caries (LEITAD et al., 2004).

The use of mouthwashes has become InCreasingly frequent asa
particularly important resource for oral hygiens, mainly
because it presents some advantages such as easy use,
refreshment, palatability and acoess to bacteria even in areas of
greater difficulty, thus Entegrating barriers to oral hygiens
mechanics (ASADDORIAN, 2006). It isimportant To RIERIIENT the
adjuvant benefits of mouthwashes, which are of great
impoermandce for children and the elderly, from whom, in general,
they are kess resourceful or unable to achieve adeguate
brushing.

Extracts and plant olls and their compounds [solated have
shown antibacterial potental against several oral pathagens
(AMBROSID, 5.R.; SCHORR, K.; DA COSTA, 2004; PORTO et al.,
Z009). A study carmied out with mouthwashes confaining olls
extracted from plants showed efficiency in inhibiting the
production of volatile sulfides by oral bacteria, which are the
substances responsible for halitosis (BRITTO =t &l , 20049)

Many edsential and fixed oils share anti-inflammatory and
antioxidant effects (FOA, 2003; MIGUEL, 20010), properties that
may asscoiate therapeutic walue with formulations. Thus, the
afvantages of wsing these oils in oral health products are the
range af kiological and crganoleptic properties which they can
additionally grant to the formulations to the uste of active
Ingredients of organic orgin in emulsion and microemulsion
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