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Resumo

A proposta deste estudo foi documentar as praticas zooterdpicas na etnoveterinéria
desenvolvida em éareas rurais dos municipios de Barbalha, Crato e Missdao Velha,
localizados no sul do Ceard, Nordeste do Brasil; e investigar, através de estudos de
bioprospecc¢do, se ha fundamentacéo para o uso da gordura de animais domesticos - Sus
scrofa domesticus Linn., Gallus gallus domesticus Linn., Meleagris gallopavo Linn.,
Ovis aries, Capra hircus e Bos taurus — como antimicrobianos e/ou agentes
modificadores da acdo de antibidticos. As informacBes referentes as praticas
zooterapicas foram obtidas atraves de entrevistas semi-estruturadas e complementadas
por entrevistas livres e conversas informais. Foram entrevistadas 52 pessoas, que
forneceram informac6es sobre quais espécies foram usadas como zooterapicos e suas
formas uso na medicina veterinaria. 39 espécies de animais, distribuidas em 28 familias,
foram identificadas como sendo utilizadas medicinalmente. Os taxons mais
representativos foram: aves (13 espécies), mamiferos (12) e répteis (8). Gallus gallus,
Bos taurus e Ovis aries foram as espécies que apresentaram maior frequéncia relativa de
citacdo (FRC) e valor de uso (VU). Dentre as espécies citadas 19 foram registradas pela
primeira vez como tendo uso medicinal na etnoveterinaria. As categorias de uso
medicinal que apresentaram maior fator de consenso dos informantes foram:
musculoesquelético (0,92), inflamatorio (0,74) e miscelaneas (0,73). Para o estudo de
bioprospeccdo foram utilizadas as gorduras corporais dos animais domesticos, as quais
foram extraidas em um aparelho do tipo Soxhlet. A composic¢do quimica dos oleos foi
determinada pela cromatografia gasosa acoplada a espectrometria de massas. Para
investigar o possivel efeito antimicrobiano e a atividade modificadora da acdo de
antibioticos foi realizada a determinacdo da concentracdo inibitéria minima (CIM) e a
atividade modulatoria utilizado o método de Microdiluicdo em Caldo. A analise
quimica revelou que nos 6leos fixos dos animais dométicos em estudos houve uma
predominancia de &cidos graxos insaturados e, que dos compostos quimicos
identificados, o acido oléico (&cido 9-octadecandico) foi o Unico que esteve presente na
composicao de todos os 6leos. Na investigacdo da atividade antibacteriana os resultados
das CIMs demonstraram que os 6leos fixos, quando testados isoladamente, nédo
apresentaram atividade antibacteriana (CIMs > 512 pg/mL). No entanto, quando
associados aos antibidticos, estes foram eficazes em modificarem a sua acdo,
promovendo um efeito sinérgico: 1) oléo fixo de Sus scrofa quando associado com
amicacina e amoxicilina; 2) oléo fixo de Gallus gallus quando associado com
amicacina, amoxicilina, norfloxacino e oxitetraciclina; 3) 6leo fixo de Meleagris
gallopavo quando associado com amicacina, amoxicilina e norfloxacina; 4) oleos fixos
de Capra hircus e Bos taurus quando associado com amicacina, amoxicilina,
norfloxacina e oxitetraciclina; e 5) o6leo fixo de Ovis aries quando associado com
amicacina, amoxicilina e oxitetraciclina. Os resultados obtidos neste estudo ajudam a
preservar o conhecimento etnoveterinario e reforca a importancia da bioprospeccéo de
produtos naturais como uma ciéncia Gtil na investigacdo das propriedades medicinais de
zooterapéuticos como uma fonte de novos farmacos.

Palavras-chave: Etnozoologia; acidos graxos; atividade antimicrobiana.



Abstract

The proposal of this study was to document the zootherapeutic practices in
ethnoveterinary, developed in rural areas of Barbalha, Crato and Missdo Velha cities,
located in the south of Ceard state, Northeast of Brazil; and investigate, through
bioprospecting studies, whether there is substantiation in the use of domestic animal fat
- Sus scrofa domesticus Linn., Gallus gallus domesticus Linn., Meleagris gallopavo
Linn., Ovis aries, Capra hircus e Bos Taurus — as antimicrobial and/or antibiotic
modifier action. The information regarding the zootherapeutic practices were obtained
through semi-structured and complemented with free interviews and informal
conversations. A number of 52 people were interviewed, they gave information about
what species have been used as zootherapics in the veterinary medicine. A total of 39
species of animal, distributed among 28 families, were identified as medicinally used.
The most representative taxa were: birds (13 species), mammals (12), reptiles (8).
Gallus gallus, Bos taurus e Ovis aries were the species which showed the most relative
citation frequency (RCF) and used value (UV). Among the cited species, 19 were first
recorded as having medicinal use in enthnoveterinary. The categories of medicinal use
that presented the greatest factor of informant consensus were: skeletal muscle (0.92),
inflammatory (0.74) miscellaneous (0.73). In the bioprospecting study the body fat of
the domestic animals were utilised, and extracted in a soxhlet apparatus. The chemical
composition were determined by chromatography coupled with mass spectrometer. To
investigate the possible antimicrobial effect and the modifying activity of the antibiotic
action, the minimum inhibitory concentration (MIC) and modulatory activity were
determined using the Microdilution method in Broth. The chemical analysis revealed
that in the fixed oil of domestic animals studied, there were predominance in
unsaturated fatty acids and, among the chemical compounds identified, the oleic acid (9-
Octadecenoic acid) was the only one present in the compositions of all oils.
Investigating the antibacterial activity the results of MICs have shown that the fixed
oils, when tested singly, have not shown antibacterial activity (MICs > 512 ug/mL).
However, when associated to the antibiotics, they were effective in modifying the
antibiotic action, producing a synergistic effect: 1) Sus scrofa fixed oil, when associated
with amicacine amikacin and amoxicillin 2) Gallus gallus fixed oil, when associated
with, amoxicillin, norfloxacin and oxytetracycline; 3) Meleagris gallopavo fixed oil,
when associated with amikacin, amoxicillin, norfloxacin; 4) Capra hircus and Bos
taurus fixed oil, when associated with amikacin, amoxicillin, norfloxacin and
oxytetracycline; and 5) Ovis aries fixed oil, when associated with, amikacin,
amoxicillin and oxytetracycline. The obtained results in this study may help to preserve
the knowledge and reinforces the natural products bioprospecting importance as a useful
science in the investigation of zootherapeutics medicinal properties of as a source of
new drugs.

Keywords: Ethnozoology; fatty acids; antimicrobial activity.
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1. INTRODUCAO GERAL

As préticas e saberes populares séo utilizadas por criadores, e fazendeiros
para prevenir e tratar doencas em rebanhos e animais de estimacdo (MATHIAS, 2007).
A etnoveterinaria € o uso dos conhecimentos, praticas, habilidades e crencas populares
relativas a saude animal. Este termo foi utilizado pela primeira vez na década de 80 por
McCORKLE (BARBOZA et al., 2007). Diversos fatores como: o0 incremento dos custos
com servicos veterinarios, a dificuldade em adquirir farmacos sintéticos e a crescente
demanda por alimentos organicos tém aumentado o interesse no estudo da medicina
etnoveterinaria (CARCERES et al., 2004).

O conhecimento médico veterinario tradicional foi adquirido pelas
comunidades ao longo de muitos anos, e devido as rapidas mudancas culturais, sécio-
econbmicas e ambientais, esses conhecimentos estdo sendo perdidos (MATHIAS,
2001). Na etnoveterinaria existem estudos que descrevem o uso medicinal de plantas
(FAROOQ et al., 2008), minerais (ALAWA et al., 2002) e animais (BARBOZA et al.,
2007).

De acordo com Souto et al. (2010) o nimero de estudos que procuram
registrar animais usados medicinalmente é crescente, e vem sendo registrado
praticamente em todos os continentes, refletindo a difusdo desta pratica enquanto um
dos ramos de pesquisas etnobioldgicas. No Brasil a partir da década de 1980 o aumento
do nimero de publicacbes sobre zooterapia mostraram a importancia deste tipo de
pesquisa para comunidades tradicionais de distintas paisagens sécio-cultural-ambiental
(ALVES, 2009). Entretanto, apesar da grande diversidade cultural e bioldgica, os
levantamentos no Brasil que relata o uso zooterapicos na etnoveterinaria sao escassos
(BARBOZA et al., 2007), estando todos estes estudos restritos a municipios do estado
da Paraiba (BARBOZA et al., 2007; CONFESSOR et al., 2009; SOUTO, 2009;
SOUTO et al., 2010; SOUTO et al., 2011a,b; SOUTO et al., 2012).

Os registros destes tipos de trabalhos séo ferramentas-chave no registro de
recursos biologicos de carater utilitario para comunidades locais (SOUTO et al., 2010)
além de permitir uma melhor avaliagdo do impacto sobre as espécies que séo exploradas
(ALVES et al., 2007a).

Recursos naturais, além de suportarem os sistemas de salde tradicionais em

diferentes culturas no mundo, também representam uma fonte importante na producgéo
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de farmacos (ALVES & ROSA, 2007). O valor da biodiversidade para a satde humana
e animal tem sido reconhecido na literatura, e um dos seus mais 6bvios beneficios é o
fato que grande parte dos farmacos produzidos é proveniente da natureza (ALVES &
ROSA, 2007, MONTEIRO, 2010). Neste contexto, o conhecimento médico tradicional
pode representar uma ferramenta importante em estagios iniciais de pesquisas
farmacéuticas (FERREIRA et al., 2010).

A crescente incidéncia de efeitos adversos associados as drogas
convencionais, aliadas ao aumento da resisténcia microbiana aos antibioticos,
desinfetantes e germicidas e a importancia clinica dada as infeccGes, tem feito com que
cientistas busquem cada vez mais por produtos naturais que possuam principios ativos
que apresentem atividade antibacteriana intrinseca ou combinada com antibioticos,
podendo representar uma nova forma de fazer frente aos microrganismos
multirresistentes, além de impedir 0 contato destes microrganismos com os antibidticos,
diminuindo o risco de selecionar novos ou melhores mecanismos de resisténcia
bacteriana (RECIO & R10S,1989; PAULO et al., 1992; MATIAS, 2010).

A gordura € um dos principais produtos zooterapicos utilizados para o
tratamento de enfermidades em seres humanos (ALVES, 2009; FERREIRA et al., 2009;
ALVES & SOUTO, 2011) e outros animais (BARBOSA et al., 2007; SOUTO et al.,
2011; SOUTO et al., 2012a,b). A bioprospeccdo vém buscando validar a acdo
antimicrobiana de gordura corporal de animais silvestres (FERREIRA et al., 2009,
CABRAL et al., 2013; DIAS et al., 2013; SALES et al., 2014).

Pesquisas que buscaram avaliar a atividade antimicrobiana de gorduras de
origem animal indicam que esta acdo farmacoldgica provavelmente ocorre pela
presenca de maior quantidade de &cidos graxos insaturados presentes na composi¢do
lipidica dos animais. (CABRAL et al., 2013; SALES et al., 2014; OLIVEIRA et al.,
2014). Entretanto, estudos sobre a atividade antimicrobiana de acidos graxos de origem
animal ainda séo excassos (FERREIRA et al., 2009).

Um fator apontado para a auséncia de atividade antimicrobiana entre 0s
zooterapicos € que a quantidade de espécies que foram avaliadas quanto ao seu
potencial antimicrobiano ainda é pequena (FERREIRA et al., 2009; FERREIRA et al.,
2012; FERREIRA et al., 2015). Este fator é reforgado por alguns estudos que tém

demonstrado que as diferentes composicdes de acidos graxos existentes em cada espécie
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animal podem promover resultados diferentes (FERREIRA et al., 2009; CABRAL et
al., 2013; DIAS et al., 2013; SILVA et al., 2011).

Estudos que realizaram a avaliacdo das atividades antibacteriana e
modificadora da acdo de antibidticos das gorduras de animais silvestres levaram em
conta a escolha de espécies largamente utilizadas na medicina tradicional (FERREIRA
et al., 2009; DIAS et al., 2013; SALES et al., 2014). Apesar do numero de espécies de
animais domeésticos citados como zooterapicos ser menor que a de animais silvestres,
muitos destes também estdo entre os mais utilizados como zooterapicos (BARBOZA et
al., 2007; CONFESSOR et al., 2009; SOUTO et al., 2011).

Atualmente ocorre uma auséncia de estudos que procuram validar a
atividade antibacteriana e modificadora de gorduras dos animais domésticos, sendo que
este tipo de andlise poderia contribuir para uma melhor compreensdo da acdo
farmacoldgica dos acidos graxos de origem animal, como também servir de subsidio
para analises posteriores sobre a possibilidade de substituicdo de produtos de animais

silvestres por animais domésticos (FERREIRA et al., 2015).

Diante do exposto as perguntas que nortearam o estudo foram: i) na
etnoveterinaria ocorre 0 uso dos zooterapicos entre 0s grupos humanos de areas rurais
do Ceard. ii) hd fundamentacdo para o uso da gordura de animais domésticos como

antimicrobianos.

Este trabalho doutoral representa um esforco no sentido de preservar o
conhecimento etnoveterinario e validar a atividade antimicrobiana de espécies de
animais domésticos — Sus scrofa domesticus Linn. (porco), Gallus gallus domesticus
Linn. (galinha), Meleagris gallopavo Linn. (peru), Ovis aries (carneiro), Capra hircus
(cabra e bode) e Bos taurus (boi) — utilizadas nas praticas de medicina veterinaria em
areas rurais da regido do Cariri cearense, Nordeste do Brasil. Diante disso, foram
idealizadas duas hipdteses: 1) Os habitantes de comunidades rurais do Ceara utilizam
zooterapicos no tratamento de animais domésticos; e 2) A gordura corporal dos animais

domésticos possui atividade antimicrobiana.

Para testar as hipoteses levantandas foram realizados dois estudos, o
levantamento sobre 0 uso de zooterapicos na medicina veterindria e a realizacdo de
protocolos exeprimentais de bioprospeccao para quantificacdo dos compostos quimicos

e avaliacdo da atividade antimicrobiana dos 6leos fixos obtidos das gorduras corporais
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dos animais domesticos supracitados, objetivando verificar se ha fundamentacdo do uso
destes animais nas préaticas etnoveterinrias, o que permitiu com que fossem originadas

quatro producdes cientificas, as quais estdo relacionadas no quadro abaixo:

Quadro 1 — Producdes cientificas originadas da tese de doutorado intitulada “Fauna
Medicinal em Comunidades Rurais do Ceard: Etnoveterinaria ¢ Bioprospec¢do”, de
autoria de Diogenes de Queiroz Dias, do Programa de Pds-graduacdo em Etnobiologia e
Conservacao da Natureza, no ano de 2019.

Titulo Periddico Qualis em Fator de
Biodiversidade Impacto
Manuscrito 1: Zooterapicos usados em préaticas Journal of Al 3.115

etnoveterinarias que ocorrem em areas rurais Ethnopharmacology
do Cariri cearense, Brasil

Artigo 1: Bioprospecgdo da atividade  Chemistry and Physics Bl 2.766
antibacteriana e modulatéria do 6leo fixo de of Lipids

Sus scrofa domesticus Linneaus (1758) frente a

bactérias de interesse veterinario

Artigo 2: Body fat modulated activity of  Microbial Pathogenesis B2 2.332
Gallus gallus domesticus Linnaeus (1758) and

Meleagris gallopavo Linnaeus (1758) in

association with antibiotics against bacteria of

veterinary interest

Artigo 3: Antibacterial and antibiotic Journal of Al 3.115
modifying activity evaluation of ruminants’ Ethnopharmacology

body fat used as zootherapeutics in

ethnoveterinary practices in Northeast Brazil

Em adicdo, o desenvolvimento deste trabalho permitiu vislumbrar a riqueza
do conhecimento etnoveterinario associado ao uso de zooterapicos em areas rurais do
Cariri cearense. Outro aspecto interessante do estudo é a presenca do efeito sinérgico
promovido pelos 6leos fixos obtidos das gorduras corporais dos animais domésticos
guando associados a diferentes antibioticos, os quais podem ser Uteis como possiveis

agentes opoterapicos visto a crescente incidéncia de resisténcia bacteriana.
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2. REVISAO BIBLIOGRAFICA

2.1. ETNOZOOLOGIA

Produtos oriundos da fauna sdo utilizados de diferentes formas,
especialmente para fins alimentares, mas também como ferramentas, vestuario, uso
medicinal e magico-religioso (ALVES et al., 2009b; INSKIP & ZIMMERMANN,
2009). A diversidade de interagOes que as mais variadas culturas humanas mantém com
0s animais é abordada através da etnozoologia, ciéncia esta que busca compreender
como 0s mais variados povos percebem e interagem com os recursos da fauna (ALVES
& SOUTO, 2011).

Historicamente, a etnozoologia resulta da associacdo de estudos
desenvolvidos em diferentes areas, como: a zoologia, a sociologia, a antropologia e a
ecologia humana (ALVES & SOUTO, 2011). Considerando que a etnozoologia faz
parte de uma ciéncia maior, a etnobiologia, o histérico de desenvolvimento se sobrepde
(ALVES & SOUTO, 2010).

A etnobiologia tem demonstrado que populagdes nativas ou locais possuem
um profundo conhecimento sobre a natureza e importancia de varios recursos bioldgicos
para 0s mais variados povos (BEGOSSI et al., 1999; HANAZAKI et al., 2009). Este
conhecimento vem ganhando atencdo em todo 0 mundo, uma vez que 0s saberes e as
técnicas tradicionais completam o conhecimento cientifico em areas como: pesquisa e
avaliacdo de impactos ambientais; manejo de recursos e desenvolvimento sustentavel
(MORIN-LABATUT & AKATAR, 1992; JOHANNES, 1993; SILITOE, 1998).

2.2. ZOOTERAPIA

A zooterapia esta inserida na categoria das praticas médicas tradicionais
(ANDRADE & COSTA-NETO, 2006) E definida como a cura de doengas de humanos
e animais através do uso de terapéuticos obtidos de animais ou derivados destes. N&o
deve ser esquecido que neste contexto, a palavra “doenga” deve utilizada em um sentido
amplo, referindo-se tanto as enfermidades de origem personalistica (provocada por um
agente humano ou sobrenatural) quanto aquelas de origem naturalisticas (causadas pela

intervencao de causas ou forc¢as naturais) (FOSTER, 1983).
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O uso de produtos terapéuticos de origem animal tem constituido parte
significativa do inventario de substancias medicinais presentes em vérias culturas
humanas (LEV, 2003). No século XIlII, Alberto Magno prescreveu testiculos de porcos
para tratar a impoténcia masculina, o Utero das lebres para mulheres inférteis e o cérebro
dos camelos, ledes e lebres contra a epilepsia e a loucura (MOUSSON-LANAUZE,
1926). Em 1893, o médico Charles-Edouard Brown-Séquard escandalizou o mundo
cientifico e leigo, ao relatar para a Societé de Biologie, o impressionante aumento de sua
forca fisica e mental apoGs receber uma injecdo subcutanea de um liquido extraido dos
testiculos de cdes e ratos, tornando esta experiéncia 0 marco inicial da endocrinologia
(BROWN-SEQUARD, 1893). E nas pesquisas etnozoologicas deste século ainda
encontramos uma grande variedade de animais (selvagens e domésticos) constituindo a
farmacopéia de diversos povos ao redor do mundo (ALVES & ROSA, 2006; ALVES &
ROSA, 2007a,b; FALODUN et al., 2008; SOUTO, 2009; Ferreira et al., 2012).

A prética zooterapica, € historicamente antiga e geograficamente
disseminada (MARQUES, 1994) No Brasil, a partir da década de 1980 € crescente 0
namero de trabalhos sobre zooterapia, demonstrando a importancia desta ciéncia para
comunidades tradicionais (ou locais) de paisagens socio-culturais-ambientais distintas
(ALVES, 2009; ALVES & SOUTO, 2011).

Nas praticas zooterapicas, 0s animais podem ser utilizados integralmente ou
em partes (ex: pena, couro, dente, gordura, leite, carne, chifre, espinho, escama, 0ssos,
sangue, figado, carne e cabeca), e até produtos do metabolismo (ALVES & ALVES,
2011). Animais vivos também sdo empregados no tratamento de doencas. Andrade &
Costa-Neto (2005) registraram no estado da Bahia que os moradores da cidade de S&o
Felix cospem na boca do peixe cambota (Callichthys sp.), soltando-o em seguida, sendo
esta pratica etnomedica usada para tratar tuberculose, diabetes e cancer. No semiarido
Paraibano e Pernambucano, o passaro cancao (Cyanocorax cyanopogon) € utilizado em
“simpatia” popular para tratar pessoas asmaticas, devendo esta ave ser alimentada com
0s restos alimentares do enfermo (ALVES et al., 2008a; ALVES et al., 2009b).

Diferentes formas de preparo e administracdo de recursos zooterapicos sao
descritas. Ossos sdo moidos para serem ingeridos como cha ou adicionado as refeicdes
(ALVES & ALVES, 2011). Banhas e 6leos geralmente sdo usados na forma topica
(através de massagens) ou ingeridos (ALVES & ROSA, 2006). A banha (ou gordura) é

apontada como um dos recursos zooterapicos de maior uso (FERREIRA et al., 2009)
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FERREIRA et al., 2012; ALVES & ALVES, 2011). Este produto oriundo de diversas
espécies de peixes, anfibios, répteis, aves e mamiferos tém sido registrada no uso de
diversas doencas como: osteoporose, asma, infeccdo urnéria, diarréia, sinusite,
reumatismo, cancer (FERREIRA et al., 2009; FERREIRA et al., 2012; ALVES &
ALVES, 2011).

2.3. ETNOVETERINARIA

Os primeiros seres humanos que iniciaram o processo de atividades ligadas
a criacdo de animais também se preocupavam com a saude e o bem-estar destes, sendo
que perder um animal implicaria na perda de alimento ou meio de transporte. Este
cuidado com a saude animal surgiu apos a domesticacdo de antigas espécies selvagens
usadas como transporte ou fonte direta de alimento. Este contexto marca, portanto, o
surgimento das praticas etnoveterinarias (SOMVANSHI, 2006; BARBOZA et al.,
2007).

No Cddigo de Hammurabi, na Babilbnia, ja existiam leis relativas aos
honorarios cobrados por pessoas que tratavam bovinos e equideos. O Egito, a China e a
Arébia desenvolveram os primeiros centros de praticas e conhecimentos veterinarios.
Entretanto, em grande parte da historia, o conhecimento médico estava mais relacionado
com crencas religiosas do que com a ciéncia. 1sso mudou drasticamente no fim do
século 20, principalmente apds a Segunda Guerra Mundial, quando a quimioterapia para
controle das doencas tornou-se predominante e as enfermidades passaram a ser tratadas
com base na fisiologia, patologia e imunologia (VAN VEEN, 1997).

Até a década de 1970 é relevante o fato de uma Unica medicina tradicional
em cada comunidade ou localidade ter sido ignorada (MCCORKLE, 1986; BIZAMA,
1994), onde pesquisas desenvolvidas estavam focadas na medicina tradicional para
humanos (KALA, 2005; KHALID et al.,, 2007) ou na etnoveterinaria (LANS &
BROWN, 1998; LANS et al., 2001), e via de regra, ao contrario da etnomedicina
humana, os curandeiros e suas praticas foram ignoradas pela comunidade veterinaria
moderna (MATHIAS & MACCORKLE, 2004). Por este motivo, pesquisas
etnoveterinarias estdo aumentando em todo o mundo, tanto pelo interesse de registrar o

conhecimento etnoveterinario acerca do manejo de terras e de animais em sociedades
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tradicionais ou indigenas, como também devido ao interesse em produzir substitutos

terapéuticos validos para os medicamentos alopaticos (PIERONI et al., 2004).

No universo académico, o termo etnoveterinaria surgiu através do estudo de
Constance M. MacCorkle, onde ela se refere a etnoveterinaria como “as investigacoes
sistematicas de crengas populares na medicina veterinaria” (MCcCCORKLE, 1986).
Estudos etnoveterinarios sistémicos sobre remédios usados em préticas fitoterapicas ja
foram realizados principalmente na Africa, Asia, América Central e Europa, em que
buscam especialmente por fitoterapicos que possuam atividade antiparasitaria (DOLD
& COOKS, 2001; LANS & BROWN, 1998). No Brasil, também encontramos estudos
etnoveterinarios associados a fitoterapicos (GALDINO et al., 2007; MARINHO et al.,
2007) e a zooterapicos (BARBOZA et al., 2007; CONFESSOR et al., 2009; SOUTO et
al., 2011).

Entretanto, apesar de no Brasil pelo menos 354 espécies de animais serem
usadas com propoésito medicinal para o tratamento de doencas dos seres humanos
(ALVES et al., 2013), encontramos na literatura cientifica apenas 46 espécies da fauna
usada como medicinal na etnoveterinaria brasileira (SOUTO et al., 2010; SOUTO et al.,
2011a,b; SOUTO et al., 2012).

2.4. BIOPROSPECCAO DE PRODUTOS DE ORIGEM ANIMAL

O valor da biodiversidade para a saude humana e animal tem sido
reconhecido na literatura, e um dos seus mais 6bvios beneficios é justamente o fato que
grande parte dos farmacos produzidos é proveniente da natureza (ALVES & ROSA,
2007). Neste contexto, o conhecimento médico tradicional pode representar uma
ferramenta importante em estagios iniciais de pesquisas farmacéuticas (FERREIRA et
al., 2010). Desta forma, embora a exploracdo farmacéutica dos recursos também possa
se constituir um fator adicional de pressao sobre as espécies, também pode viabilizar o
interesse na protecdo desses recursos (ALVES & ALBUQUERQUE, 2013).

No cenério atual do uso e comércio de animais medicinais do Brasil existe a
necessidade de estratégias de conservacdo, as quais devem levar em consideragdo
aspectos culturais, bioldgicos e/ou ecoldgicos e socio-econdmicos (FERREIRA et al.,
2012; FERREIRA, 2013). Uma destas estratégias de conservacao é a possibilidade da
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substituicdo de produtos medicinais de animais silvestres por aqueles derivados de

plantas ou animais domésticos (LUO et al., 2011).

No Nordeste do Brasil o estudo de Ferreira et al. (2015) procurou avaliar 0s
aspectos conservacionistas relacionados ao comércio medicinal de zooterapicos em
mercados publicos, sendo observado que para alguns destes mercados o conhecimento
associado ao uso medicinal de animais domésticos € semelhante aqueles dos silvestres,
de forma que essa substituicdo seria, aparentemente, possivel. Desta forma, o incentivo
ao uso de produtos medicinais (como banhas, peles e chifres) de espécies domésticas
que ja sdo criadas para varias finalidades (ex: alimenticios, vestuario) poderia reduzir
possiveis impactos as espécies silvestres comercializadas no Brasil (FERREIRA et al,
2015).

2.5. RESISTENCIA ANTIBACTERIANA E ZOOTERAPICOS

O interesse na natureza como potencial fonte de agentes quimioterapicos é
continuo. Os produtos naturais e seus derivados representam mais de 50% de todas as
drogas em uso clinico (GURIB-FAKIM, 2006). No mercado veterinario, por exemplo,
muitos antimicrobianos, aditivos alimentares, endectocidas e anticocidianos
correntemente utilizados foram sintetizados a partir de produtos naturais (ROCHFORT
et al., 2008).

A fauna brasileira como relatado anteriormente por Alves et al. (2013),
possui pelo menos 354 espécies de animais utilizados como zooterapicos. Entretanto
apenas cerca de 5% desta mesma fauna foi testada quanto a sua atividade farmacoldgica
(FERREIRA, 2013). Neste pequeno universo de espécies brasileiras testadas, alguns
trabalhos buscaram analisar a atividade antimicrobiana dos zooterapicos (CABRAL et
al., 2013; DIAS et al., 2013; SALES et al., 2014), entretanto nenhuma delas é espécie

domeéstica.

Recentemente, trabalhos vem sendo realizados objetivando demonstrar o
potencial antimcrobiano de produtos naturais provenientes de animais. As lisozimas da
Tartaruga de casco mole chinesa (Trionyx sinensis), da Tartaruga de casco mole asiatica
(Amyda cartilagenea) e da Tartaruga verde (Chelonia mydas) demonstraram atividade
antibactericida (THAMMASIRIRAK et al., 2006). Os extratos metanolico e butandlico

da pele do Sapo cururu (Rhinella jimi) apresentaram atividade antifungica frente a
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fungos dermatdfitos (SANTOS et al., 2010). A gordura corporal do Céagado de barbela
(Phrynops geoffroanus) (DIAS et al., 2013) quando associado a antifingicos apresentou
eficdcia frente a fungos, e proteinas e 4&cidos graxos do leite bovino também
demonstraram possuir atividade antibacteriana (WALZEM, 1999; SILVA et al., 2011).

Em trabalhos que buscam avaliar a atividade antimicrobiana de produtos
oriundos de animais é comum a sugestdo dos autores para que mais estudos ocorram,
pois ainda deve ser levado em consideracdo a necessidade de realizar mais modelos de
estudos especificos de doencas para comprovacdo de remédios derivados dos
zooterapicos, e que somente poucas espécies foram avaliadas quanto a sua possivel
atividade antimicrobiana (FERREIRA et al., 2010; CABRAL et al., 2013., DIAS et al.,
2013; SALES et al., 2014, OLIVEIRA et al., 2014).
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Resumo

Relevancia etnofarmacoldgica: A Caatinga é um bioma que existe apenas no Brasil.
Em diversas areas deste bioma o uso de zooterapicos na medicina veterinaria vem
desaparecendo. Levantamentos etnoveterinarios sdo importantes para discussdes
correlacionadas com politicas publicas, manejo sustentavel de recursos naturais,
biologia da conservacdo e desenvolvimento de novos farmacos. Apesar da maioria dos
estudos com o uso de zooterapicos no Nordeste brasileiro ocorrer em areas rurais,

registros do uso de zooterapicos na etnoveterinaria do Cariri cearense sao inexistentes.
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Obijetivo de estudo: a proposta deste estudo foi documentar as praticas zooterapicas na
etnoveterinaria desenvolvida em areas rurais dos municipios de Barbalha, Crato e

Missdo Velha, localizados no sul do Ceara, Nordeste do Brasil.

Materiais e métodos: As informacGes foram obtidas através entrevistas semi-
estruturadas, e complementadas por entrevistas livres e conversas informais. Foram
entrevistadas 52 pessoas, que forneceram informacdes sobre quais espéecies foram
usadas como zooterapicos, quais partes foram usadas como remédios, as formas de uso
e quais enfermidades dos animais domésticos eram tratadas através da administracdo
dos zooterapicos. Os dados obtidos foram tabulados e posteriormente calculado a
Frequéncia Relativa de Citacdo (FRC), o Fator de Consenso dos Informantes (FCI) e o

valor de uso (VU).

Resultados: 39 espécies de animais, distribuidas em 28 familias, foram identificadas
como sendo utilizadas medicinalmente. Os tdxons mais representados foram: aves (13
espécies), mamiferos (12) e répteis (8). Gallus gallus, Bos taurus e Ovis aries foram as
espécies que apresentaram maior FRC e VU. Dentre as espécies citadas 19 foram
registradas pela primeira vez como tendo uso medicinal na etnoveterinaria foram
encontradas. As categorias de uso medicinal que apresentaram maior de consenso dos

informantes neste estudo foram: musculoesquelético, inflamatorio e miscelaneas.

Conclusdes: Nossos resultados ajudam a preservar o conhecimento etnoveterinario, que
é importante para aumentar a compreensdo sobre as relagdes que ocorrem entre 0s seres
humanos e a natureza, e também para elaborar estratégias mais eficazes para a
conservacao das espécies animais consideradas de uso medicinal pelas populacdes do

Semi-arido brasileiro.
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1. Introducéo

Pesquisadores em diversos paises tém evidenciado através da etnobiologia o uso
medicinal de animais e plantas (Calixto, 2005; Ferreira et al., 2012; Kidane et al., 2018;
Altaf et al., 2018; Mongalo and Makhafola, 2018). O uso destes recursos para as mais
diversas propostas medicinais nao esta restrito apenas ao homem, sendo também usado
na medicina veterinaria tradicional (ou etnoveterinaria) (Abbas et al., 2002; Souto et al.,

2011; Souto et al., 2012; Ritter et al., 2012; Lulekal et al., 2014).

O territério brasileiro possui uma rica diversidade de espécies de animais, e
qguando associada com a sua diversidade cultural, se traduz num conhecimento
complexo dos usos dos recursos oriundos da fauna (Alves and Rosa, 2005; Rodrigues,
2006; Alves et al., 2010; Ferreira et al., 2012). Inventarios etnozooldgicos sobre o uso
de animais medicinais (ou zooterdpicos) na atencdo a saude humana tém sido
registrados (Alves and Rosa, 2006; Alves and Rosa 2007; Ferreira et al., 2009; Ferreira
et al., 2012). Entretanto, poucos levantamentos etnoveterinarios associados ao uso de
zooterapicos foram registrados, sendo este tipo de estudo ainda considerado escasso
guando comparado com 0s inventarios etnozooldgicos voltados para 0 uso em seres

humanos (Barbosa et al., 2007; Souto et al., 2011; Souto et al., 2012).

Plantas consideradas medicinais tém sido usadas tradicionalmente na prevencao
e controle de doengas que afligem os animais domésticos (Viegi et al., 2003; Akarreta et
al., 2010). Mesmo ocorrendo uma predominancia em territorio brasileiro de estudos
sobre 0 uso medicinal de plantas na etnoveterinaria, produtos derivados de zooterapicos

também representam importantes recursos terapéuticos na medicina veterinaria
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tradicional (Souto et al., 2012). No Nordeste do Brasil varias espécies de animais séo
consideradas como recursos utilizados no tratamento de enfermidades que acometem
animais domeésticos (Souto et al., 2011; Souto et al., 2012). Durante séculos 0s povos
que habitam esta regido descobriram e aprenderam a utilizar estes recursos naturais
nativos do bioma Caatinga - Unico bioma exclusivamente brasileiro - para serem
administrados nos seus animais de criacdo, e sendo este conhecimento transmitido via

oral através das geracdes (Barbosa et al., 2007; Alawa et al., 2002).

A Caatinga é considerada rica em espécies endémicas de animais e plantas (Leal
et al., 2005). Estudos apontam que em diversas areas deste bioma, o uso de zooterapicos
na etnoveterinaria vem desaparecendo (Souto et al., 2011; Souto et al., 2012). O ritmo
acelerado da utilizacdo dos recursos naturais da Caatinga (incluindo o uso medicinal da
fauna e flora) torna necessario e imprescindivel o desenvolvimento de estudos sobre o
uso destes recursos na etnoveterinaria no Semi-arido brasileiro, pois levantamentos
desse tipo sdo importantes para discussdes correlacionadas com politicas publicas de
salde, manejo sustentdvel de recursos naturais, biologia da conservacdo e
desenvolvimento de novas drogas (Alves and Rosa, 2005; Souto et al., 2011). Outro
fator importante para que sejam desenvolvidos inventéarios sobre o uso medicinal de
animais para fins de tratamento veterinario, € que no Nordeste brasileiro as préaticas
etnoveterinarias evoluiram associadas com as praticas médicas tradicionais voltadas
para 0 homem e, portanto, a analise das praticas etnoveterinarias também pode auxiliar
numa melhor compreensdo das interacbes humanas com seu ambiente (Souto et al.,

2011a).

O Cariri cearense esta localizado no Sul do estado do Ceara. A sua geografia é
marcada principalmente pela Chapada do Araripe (Bonifacio et al., 2016). A Chapada

do Araripe esta inserida no bioma Caatinga, e € composta por savana, floresta seca e
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mata Umida, além de ser considerada uma area prioritaria para a conservacio deste
bioma por possuir alta biodiversidade de flora e fauna (Roberto et al., 2009). Possui
uma area de protecdo ambiental e uma floresta nacional. Além do Ceard, a Chapada do
Araripe ainda abrange os estados do Piaui, Pernambuco e Paraiba. A area que ocupa o
Cariri Cearense é considerada rica em manifestacdes socio-culturais (ex: dangas, artes
plasticas e musica) e possui um grande reservatorio de dgua no seu subsolo (Bonifacio
et al., 2016). A presenca de levantamentos do uso medicinal de animais voltados para o
homem ja foi registrada em mercados, feiras livres e zona rural de municipios desta
regido (Ferreira et al., 2009a,b). Apesar da maioria dos estudos com o uso de
zooterapicos no Nordeste brasileiro ocorrer em areas rurais (Alves, 2009), o registro de
zooterapicos utilizados na ethnoveterinaria da zona rural desta regido sdo inexistentes.
Portanto, este estudo tem o0s seguintes objetivos: a) Quais animais ou partes deles sdo
usadas na ethnoveterinaria? b) quais enfermidades dos animais domésticos da regido sdo

tratadas usando zooterapicos?

2. Material e métodos

2.1. Aspectos éticos da pesquisa

Quanto aos aspectos legais este estudo foi enviado a Plataforma Brasil que
encaminhou para a o Comité de ética em Pesquisa da Universidade Regional do Cariri,
onde obtivemos a aprovacdo para realizar este estudo, através do processo de
n°1.322.520. Ainda por exigéncias legais no Brasil, também foi necessario a aprovagédo
do Sistema Nacional de Gestéo do Patriménio Genético e do Conhecimento Tradicional
Associado (SISGEN) e Instituto Chico Mendes de Conservacdo da Biodiversidade
(ICMBIo/SISBio). O SISGEN concedeu a autorizagdo n° AO4C3E3; e o

ICMBIo/SISBio permitiu o estudo através do n® 63199.
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2.2. Area de estudo

Os municipios de Barbalha, Crato e Missdo Velha estdo localizados na Chapada
do Araripe, no sul do Ceara, Brasil (Fig. 1). O municipio de Barbalha ocupa uma area
de 569,508 km? tem uma populacio estimada em 60.155 pessoas. O municipio de
Missdo Velha ocupa uma éarea de 645,704 km? e tem uma populacio estimada em
35.662 pessoas. O municipio do Crato ocupa uma éarea de 1.163,476 km? e tem uma
populacdo de 131.372 pessoas (IBGE, 2018). As principais atividades econémicas dos

trés municipios sdo a agricultura e a industria (IPECE, 2018).
2.3. Procedimentos

A pesquisa de campo foi realizada nos meses de agosto e setembro de 2018. As
informacdes obtidas através de entrevistas semi-estruturadas foram complementadas por
entrevistas livres (Huntington, 2000) e conversas informais. Todos 0s participantes
antes de cederem as entrevistas foram informados sobre 0s objetivos deste estudo e
assinaram o termo de Consentimento Livre e Esclarecido (TCLE). Nas entrevistas semi-
estruturadas, os participantes foram solicitados a indicar para cada animal considerado
como zooterapico: seu nome local; quais partes foram usadas como remédio; quais sdo
as doencas tratadas; as formas de preparacdo e uso; os aspectos espirituais associados ao
seu uso; se ocorreu eficdcia no tratamento da enfermidade e como esse conhecimento

foi adquirido.

As entrevistas foram realizadas nas &reas rurais dos trés municipios. Em
Barbalha as entrevistas foram realizadas no Sitio Sdo Judas Tadeu (7°22°19.6”S e
39°20°19.2”W), distrito do Caldas; no Crato ocorreram no Sitio Baixa do Maracuja,
distrito de Santa Fé (7°09°57.5”S e 39°31°48.7°W); e em Missao velha, no distrito de

Jamacaru (7°20°44.0”S ¢ 39°08°38.4”W). Um total de 52 pessoas foram entrevistadas
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(33 homens, representando 63,5% dos entrevistados; e 19 mulheres, representando
36,5% das entrevistadas), e distribuiram-se da seguinte forma: Barbalha (18 homens),
Crato (10 homens e 11 mulheres) e Missdo Velha (5 homens e 8 mulheres). Os
entrevistados tinham idade de 50,56 * 18,20 anos. A duracdo do tempo de entrevista foi

de aproximadamente 30 minutos.

Os nomes vernaculares de todas as espécies foram registrados como citados
durante as entrevistas. O material zoologico foi identificado com a ajuda especialistas
em zoologia, através: (a) do exame de espécimes na area de estudo, (b) fotografias dos
animais ou de suas partes, e (c) pelos nomes vernaculares das espécies, com o auxilio de
taxonomistas da Universidade Regional do Cariri (URCA) e da Universidade Federal do
Vale do Sdo Francisco (UNIVASF). Todo o material da coleta etnoveterinaria foi
depositado no Laboratério de Zoologia da Universidade Regional do Cariri (LZ-
URCA). Apds a identificacdo das espécies foi organizado no Excel 2010 uma lista

contendo: suas familias, indicacGes terapéuticas e quais espécies sao tratadas.

Os zooterapicos também foram agrupados em categorias medicinais. Este
agrupamento de espécies foi adaptado de Ritter et al. (2012), onde estes elencaram seis
categorias de usos medicinais na etnoveterinaria, tomando como base as doengas citadas
por informantes. Os grupos constituidos foram: parasitaria, gastrointestinal, tegumentar
(ou dermatologica), anti-inflamatoria, respiratoria e miscelanea (esta categoria foi
destinada para as doengas que ndo puderam ser bem definidas pelos entrevistados como
por exemplos: repelente para morcego, mau-olhado, melhorar o olfato dos cdes de
caca). Foram entdo acrescentadas as categorias: musculoesquelético, circulatorio,
geniturinario. Foram calculados a Frequéncia Relativa de Citacdo (FRC), o Fator de

Consenso dos Informantes (FCI) e o valor de uso (VU).
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A FRC foi obtida a partir da razdo FC/N, onde FC representa o nimero de
informantes que mencionaram o uso da espécie, e N 0 nimero total de informantes do
estudo (Tardio and Pardo-de-Santayana, 2008). Para estimar a variabilidade de usos dos
animais citados como zooterapicos foi calculado o FCI, adaptado de Henrich et al.
(1998). Essa analise possibilita identificar quais categorias de doencas apresentam
maior importancia nas comunidades pesquisadas. O FCI foi calculado pela seguinte
formula: FCI = nar-na/nar-1, onde: nar = somatorio dos usos registrados por cada

informante para uma categoria; na = nimero de espécies indicada na categoria.

Para cada animal citado como zooterapico, calculou-se seu 0 seu respectivo
valor de uso (adaptado por Phillips et al., 1994), (tabela x). O valor de uso expressa a
importancia relativa das espécies conhecidas localmente, e é calculado por meio da
seguinte formula: VU = Y U/n, onde: VU = Valor de Uso da Espécie; U = ntimero de

citacBes por espécie; n = numero de informantes.

3. Resultados

Os dados demonstram (Tab. 1) que trinta e nove espécies (35 vertebrados e 4
invertebrados), distribuidas em pelo menos 28 familias zooldgicas, foram identificadas
para 0 uso medicinal ou magico/religioso em etnoveterinaria nos municipios de
Barbalha, Crato e Missdo Velha. Os grupos taxonémicos com maior nimero de espécies
foram as aves (13 espécies), seguidos por mamiferos (12 espécies) e répteis (8
espécies). Os entrevistados ainda mencionaram insetos (4 espécies), peixes (1 espécie) e
anfibios (1 espécie). Quanto a frequéncia de citacdo as espécies mais frequentemente
citadas foram: Gallus gallus (0,48), Bos taurus (0,40), Ovis aries (0,38), sendo estas
também as que apresentaram maior valor de uso: Ovis aries (VU = 0,79), Gallus gallus

(VU = 0,73) e Bos taurus (VU = 0,62). Todos os animais aqui citados como
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zooterapicos de uso etnoveterinario podem ser obtidos dentro do bioma Caatinga. Das
39 espécies registradas neste trabalho, a maioria é composta de animais selvagens (26
animais ou 67% das espécies). A principal forma que os entrevistados adquiriram o
conhecimento ocorreu através da transmissdo oral pelos pais (42,3%). Observou-se
também que 17,3% dos entrevistados ndo informaram com quem adquiriu o
conhecimento referente ao uso de zooterapicos. Outras formas de transmissdo do
conhecimento etnoveterinario identificadas ocorreram através dos avos (9,6%), tios
(3,8%), mais velhos (21,2%), vizinhos (3,8%) e outros (1,9%), como por exemplo,
amigos, conhecidos e vaqueiros. Todos indicaram ter obtido sucesso no tratamento das

enfermidades que acometeram os seus animais domeésticos usando 0s zooterapicos.

As espécies Camponoutus sp., Epicrates assisi, Philodreas olfersii, Pseudoboa
nigra, Bothrops jaracucu, Anhima cornuta, Anser anser, Dendrocygna viduata,
Paraoraria domenicana, Euphenia chlorotica, Gnorimopsar chopi, Numida gallopavo,
Sporophila albogularis, Scalis flaveola, Turdus rufiventris, Equus asinus, Equus
caballus, Oryctolagus cuniculus, e Myrmecophaga tetradactyla ainda ndo haviam sido

registradas como zooterapicos usados na medicina veterinaria tradicional (Fig. 2).

Em todos as atribuicdes dos usos medicinais dos zooterapicos apenas 0 corpo
inteiro de Gallus gallus e Camponatous sp foram utilizados, sendo em todas as outras
especies descritas utilizado apenas partes do corpo ou subprodutos como: banha, chifre,
cabeca, fezes, penas, ovo, mel, rabo, testiculo, saliva, couro e visceras para 38 diferentes
fins veterinarios (Tab. 1), principalmente para as enfermidades musculoesqueléticas,
inflamatdrias e miscelanea. As categorias de uso medicinal que apresentaram maior de
consenso dos informantes neste estudo foram: Musculoesquelético (0,92), Inflamatorio

(0,74) e miscelaneas (0,73) (Tab. 2).
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4. Discussao

No Cariri cearense 0 uso de zooterapicos no tratamento de enfermidades que
acometem os animais domesticos foi observado como uma pratica comum na zona rural
dos municipios aqui analisados. As espécies com maior numero de citacdes (Bos taurus,
Ovis aries e Gallus gallus) sdo frequentemente utilizadas na producdo de remédios
tradicionais na etnoveterinaria (Souto et al., 2011; Souto et al., 2012). Os zooterapicos
descritos podem ser encontrados no Cariri cearense (Ferreira et al., 2009a,b). A escolha
de espécies que se encontram nesta regido pode ser justificada pelo fato de que a
composicdo de uma fauna local pode influenciar na escolha de zooterdpicos (Souto et

al., 2011a,b; souto et al., 2012).

O destaque para o uso de mamiferos, aves, répteis e insetos pode estar
relacionado ao paralelismo que ocorre entre a etnoveterinaria e a etnomedicina praticada
nesta regido, pois em outro estudo, Ferreira et al. (2009b) registrou o0 uso de
zooterédpicos em enfermidades humana numa érea rural do Crato, evidenciando a

predominancia do uso dos mesmos grupos taxondémicos.

A maior representatividade de animais selvagens corrobora com a tendéncia
observada em outros trabalhos envolvendo o uso de zooterdpicos que foram
desenvolvidos no Brasil e outros paises (Lev, 2003; Negi and Palyal, 2007; Confessor et
al., 2009; Ferreira et al., 2009a,b; Souto et al., 2011b; Ferreira et al., 2012). Das 39
espécies citadas, 19 delas foram identificadas pela primeira vez como zooterapicos
usados na etnoveterinaria, sendo 13 delas animais selvagens. Uma possivel justificativa
para o registro de novas espécies usadas na etnoveterinaria seria a existéncia de uma
rica fauna encontradas na Chapada do Araripe (Nascimento et al, 2000; Ribeiro et al,

2008; Roberto et al., 2009; Ferreira et al., 2009a).
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A presenca de um maior nimero de homens entrevistados estd associada ao fato
do conhecimento etnoveterindrio no semi-arido brasileiro ser mais focado nos homens
(Souto et al, 2011). A transmissdo do conhecimento na forma oral tambem é

comumente descrita em outros estudos (Ferreira et al., 2009a,b; Souto et al., 2011).

As categorias de uso medicinal que apresentaram maior de consenso dos
informantes neste estudo foram: Musculoesquelético (0,92), Inflamatorio (0,74) e
miscelaneas (0,73). A categoria que agrupou um maior nimero de espécies e citacles de
uso foi a de miscelaneas, onde muitas vezes encontramos 0s zooterapicos sendo usados
na forma de amuletos e encantamentos no diagnostico magico-religioso. O uso de
alguns animais medicinais esta intimamente associado a crencas populares conhecidas
localmente como 'simpatias’. Essa crenca popular € comumente associada ao uso de

animais medicinais no Brasil (Alves et al., 2007).

Os poucos estudos que analisaram 0s aspectos da zooterapia aplicada a
etnoveterinaria no Brasil ndo apresentaram discussdes relativas as principais categorias
de uso medicinal (Confessor et al., 2009; Souto et al., 2011a,b; Souto et al., 2012). Na
mesma regido onde foi realizado este estudo, encontramos trabalhos que destacam o uso
de zooterapicos em humanos para as mesmas categorias acima destacadas (Ferreira et

al., 2009a,b).

Segundo os entrevistados, 0s medicamentos a base de animais sdo mais eficazes
que os farmacos produzidos industrialmente. A zooterapia é muito importante e
difundida no Cariri cearense e no Nordeste brasileiro (Ferreira et al., 2009a). Mesmo
com a presenca de muitas espécies usadas como zooterdpicos, mais estudos serdo
necessarios para examinar a verdadeira eficacia farmacoldgica desses zooterapicos aqui

identificados. Além disso, é importante ressaltar que muitas das espécies aqui
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identificadas para fins medicinais sdo silvestres, e em muitos casos as espécies devem
ser sacrificadas para obter os produtos zooterapéuticos usados na etnoveterinaria local.
De acordo com Ferreira et al. (2009a), espécies de animais de alta demanda com alto
valor comercial sdo mais propensas a superexploracdo, e quando identificadas como
zooterapicos, estudos complementares sdo necessarios para examinar quais Sa0 0S
aspectos sociais, culturais, econémicos, clinicos e ambientais de seu uso medicinal, e
também para estabelecer estratégias de manejo adequadas que ajudem a garantir 0 uso

sustentavel destas espécies.

5. Concluséo

Os habitantes das areas rurais dos municipios de Barbalha, Crato e Misséo Velha
usam zooterdpicos no tratamento de enfermidades que acometem 0s seus animais
domeésticos. 39 espécies foram identificadas para o uso medicinal, sendo que 19 delas
até o presente momento ndo haviam sido identificadas como zooterapicos usados na
etnoveterindria. Apesar de ndo haver estudos etnoveterinarios associados a zooterapia
que discutam as principais categorias de uso medicinal, muitas das enfermidades
presentes nas categorias de uso medicinal deste estudo também foram encontradas na

zooterapia associada ao uso em humanos que ocorre no sul do Ceara.

O presente estudo contribuiu para a criacdo de um inventario de animais usados
em praticas etnoveterinarias e pode servir como um banco de dados para outros
trabalhos ou para a busca da validacdo das atividades farmacolégicas dos produtos

animais aqui mencionados.
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Fig. 2. Exemplos de novos registros de espécies utilizadas na etnoveterinaria. (A)

Camponotus sp., (B) Epicrates assisi, (C) Philodreas olfersii, (D) Pseudoboa nigra, (E)
Numida meleagris e (F) Anser anser. Fotos: (A), (E) e (F) por Diégenes de Queiroz

Dias; (B), (C) e (D) por Herivelto Faustino de Oliveira.



Tabelas

Tab. 1 — Recursos zooterapicos usados na etnoveterinaria em areas rurais do Cariri cearense, Brasil.
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- L Numero de Frequéncia Valor Parte usada e
Familia/Espécie/Nome Local da . . .
local citacio vezes relativa de de uso forma de Indicacao Animal tratado
¢ mencionadas citacdo (RFC) (UV) administracéo
INSETOS
Apidae
Apis mellifera — BL, CR 4 0,07 0,10 Mel (D, E) Pram (laminite), Cavalo, jumento, boi,
“Abelha italiana” inflamacGes e dor de cabra, ovelha,
garganta galinha, cdo e gato
Melipona subnitida — BL, CR 3 0,06 0,08 Mel (D, E) Pram (laminite), Boi, cabra, ovelha,
“Abelha jandaira” inflamacéo e dor na cavalo, jumento,
garganta galinha, cdo e gato
Scaptotrigona sp. — BL 2 0,04 0,04 Mel (D) Pram (laminite) e Boi, cabra, ovelha,
“Abelha Urugt” inflamacdes cavalo, jumento,
galinha, cdo e gato
Formicidae
Camponotus sp. — CR 1 0,02 0,02 Corpo inteiro (A) Mau-olhado Boi, cabra, ovelha,

“Formiga”

cavalo, jumento




o1

PEIXES

Erythrinidae

Hoplias malabaricus — BL 1 0,02 0,02 Banha (D) Ferida e bicheira Todas espécies
“Traira” (miiase) domésticas
ANFIBIOS
Bufonidae
Rhinella jimi — “Sapo BL 2 0,04 0,06 Banha (D) Esponja de cavalo Cavalo
cururu” (habronemose)
Visceras (D) Feridas e esponja de Cavalo e jumento

cavalo (habronemose)

REPTEIS
Boidae
Boa constrictor — CR 1 0,02 0,02 Rabo (A) Mau-olhado Boi, cabra, ovelha,
“Jibdia” cavalo, jumento e
galinha
Epicrates assisi — CR 1 0,02 0,02 Rabo (A) Mau-olhado Boi, cabra, ovelha,
“Salamanta” cavalo, jumento e
galinha

Chelidae



Phrynops geoffroanus —
“Cégado”

Dipsadidae

Philodreas olfersii —
“Cobra verde”, “Cobra

cipd”

Pseudoboa nigra —
“Cobra preta”,
“Mugurana”

Teiidae

Tupinambis merianae —
‘CTiu)” “Tejuj,

Viperidae

Bothrops jaracucu -
“Jararacugu”

Crotalus durissus —
“Cascavel”

BL

CR

CR

MV, BL,
CR

CR

BL, CR

0,02

0,02

0,02

0,15

0,02

0,04

0,02

0,02

0,02

0,21

0,02

0,06

Banha (D)

Rabo (A)

Rabo (A)

Banha (D, E)

Rabo (A)

Chocalho (A)

Feridas

Mau-olhado

Mau-olhado

Tosse, inflamacao,
feridas, dor de ouvido,
dor de garganta e
inchago nas juntas

Mau-olhado

Evitar ataques de cobra
e morcego
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Todas as espécies

domésticas

Boi, cabra, ovelha,

cavalo, jumento
galinha

e

Boi, cabra, ovelha,

cavalo, jumento
galinha

e

Boi, cabra, ovelha,

cavalo, jumento

e

todas as espécies

domésticas

Boi, cabra, ovelha,

cavalo, jumento
galinha

Cabra, ovelha e boi

e
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Rabo (A) Mau-olhado Boi, cabra, ovelha,
cavalo, jumento e
galinha
AVES
Anatidae
Anhima cornuta — MV, BL 4 0,07 0,15 Pena (F) Sair do choco e Galinha
“Pato” eliminar  pulgas e
piolhos
Ovo (E, G, H) Diarreia, fraqueza, _ _
anemia e intoxicac&o Cfivalo, jumento, boi
por ingestdo de salsa  (filhote) e porco
Anser anser — “Ganso” MV 3 0,05 0,13 Pena (F) Sair do choco e Galinha
eliminar  pulgas e
piolhos
Ovo (E, G) Fraqueza, anemia, Boi (filhote), cavalo
diarreia e intoxicacdo e jumento
por ingestéo de salsa
Dendrocygna viduata — MV 1 0,02 0,02 Ovo (G) Diarreia, fraqueza e Cavalo e jumento

“Marreca”

Corvidae

intoxicacdo por
ingestdo de salsa



Cyanocorax
cyanopogon — “Cancao”

Emberizidae

Paraoraria domenicana
— “Galo campina”

Fringillidae
Euphnia chlorotica —
“Vim-vim”
Icteridae

Gnorimopsar chopi —
“Gratna”

Meleagrididae

Meleagris gallopavo —
‘GPeru”

Numididae

BL

BL

BL

BL

MV, BL,
CR

0,02

0,02

0,02

0,02

0,10

0,02

0,02

0,02

0,02

0,13

Fezes (D)

Fezes (D)

Fezes (D)

Fezes (D)

Ovo (E, H)

Banha (D)

Prolapso uterino

Prolapso uterino

Prolapso uterino

Prolapso uterino

Fragueza e anemia

Rachaduras na pele,
feridas, dor nao
especificada e
inflamacéo
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Vaca

Vaca

Vaca

Vaca

Boi (adulto e filhote),
porco e cavalo

Boi, cabra, ovelha,
cavalo, jumento,
galinha, céo e gato



Numida meleagris —
“Galinha d’angola”

Phasianidae

Gallus gallus —
“Galinha”

MV, BL 4
MV, BL, 25
CR

0,08

0,48

0,15

0,73

Pena (F)

Ovo (E, G, H)

Pena (F)

Ovo (E, G, H)

Testiculos (E)

Fezes (D, L)

Banha (D, J)

Sair do choco e
eliminar  pulgas e
piolhos

Fraqueza, anemia,
diarreia e intoxicacao
por ingest&o de salsa

Sair do choco e
eliminar  pulgas e
piolhos

Fraqueza, anemia,
diarreia,  intoxicacao
por ingestdo de salsa e
fazer a muda das penas

Evitar infeccdo apos a
castracéo

Feridas, eliminar
ectoparasitas  (piolho
das aves)

Carocos na  pele,
estrepada, inflamagéo,

55

Galinha

Boi (adulto e filhote),
porco, cavalo e
jumento

Frango

Boi (adulto e filhote),
porco, bode (filhote),
cavalo, jumento, aves
domesticas e
passarinhos

Galinha

Boi e galinha

Boi, cabra, ovelha,
cavalo, jumento,



tosse, dor néo
especificada, dor nas
juntas, dor de garganta
e inchagos

56

galinha e todas as
espécies domésticas

Thraupidae
Sporophila albogularis BL 1 0,02 0,02 Fezes (D) Prolapso uterino Vaca
— Golinha
Scalis flaveola — BL 1 0,02 0,02 Fezes (D) Prolapso uterino Vaca
“Canario da terra”
Turdidae
Turdus rufiventris — BL 1 0,02 0,02 Fezes (D) Prolapso uterino Vaca
“Sabid laranjeira”
MAMIFEROS
Bovidae
Bos taurus — “Boi”, MV, BL, 21 0,40 0,62 Chifre (A, C) Evitar ataques de cobra Boi, cabra, ovelha,
“Bovino” CR e mau-olhado cavalo, jumento e
galinha
Leite (B, D, E) Mastite, dor ndo Boi, ovelha (filhote)

especificada,
inflamacédo, estrepada,
fraqueza, anemia e

e todas as espécies
domésticas



Capra hircus —Cabra”,
“Bode”

BL, CR

7

Cabeca (A)

Fezes (C, D)

Banha (D)
0,13 0,13 Cabeca (A)

Banha (D)

Leite (E)

envenenamento por
picada de cobra

Mau-olhado e evitar
ataques de cobra

Inseticida (evitar
moscas e  miiase),
picada de lacraia e
evitar ataques de cobra

Cicatrizante

Evitar atagues de cobra

Cicatrizante e dor néo
especificada

Fragueza e alimentar
filhotes de  outras
espécies que perderam
amée

57

Boi, cabra, ovelha,
cavalo, jumento,
galinha, peru e
galinha d’angola

Boi, cabra, ovelha,
cavalo, jumento,
galinha, pato e
galinha d’angola

Boi

Cabra, ovelha,
bovino, cavalo,
jumento

Boi, cabra, ovelha,
cavalo, jumento
galinha, cdo e gato

Boi, ovelha, cavalo,
jumento, cdo e gato



Ovis aries — “Carneiro”

Canidae

Cerdocyon thous —
“Raposa”

Cervidae

Mazama gouazoubira —

BL, CR

MV, BL,
CR

BL, CR

20

0,38

0,15

0,10

0,79

0,21

0,10

Banha de animal
macho castrado (D)

Leite (E)

Rabo (A)

Couro (A)

Couro ()

Junta dura
(reumatismo),

inchagos, dor néo
especificada, dor nas
juntas, rachaduras na
pele, queimaduras,
inflamacdo,  fraturas,
torcoes, torcicolo,
mastite, feridas

Fragueza e alimentar
filhotes de  outras
espécies que perderam
amae

Mau-olhado, evitar
ataques de cobra e
morcego

Evitar ataques de cobra

Evitar ataques de cobra
e envenenamento por

58

Boi, cabra, ovelha,
vaca, cavalo,
jumento, galinha e
todos o0s animais
domeésticos

Boi, cabra, cavalo,
jumento, cdo e gato

Boi, cabra, ovelha,
cavalo e jumento

Cabra, ovelha, boi,
cavalo, jumento

Cabra, ovelha, boi,
cavalo, jumento,



“Veado”

Chlamyphoridae

Euphractus sexcinctus —
“Tatu-peba”

Equidae

Equus asinus —
“Jumento”

Equus caballus —
“Cavalo”

Homonidae

Homo sapiens —
“Homem”

Leporidae

Oryctolagus cuniculus —
“Coelho”

MV, CR

CR

CR

MV

MV

0,04

0,04

0,02

0,04

0,02

0,04

0,04

0,02

0,04

0,02

Chifre (A)

Rabo (A, D)

Leite (E)

Leite (E)

Saliva (E)

Rabo (A)

picada de cobra

Evitar ataques de cobra

Mau-olhado, dor de
ouvido

Fraqueza e alimentar
filhotes de  outras
especies que perderam
améae

Fraqueza

Envenenamento por
picada de cobra

Mau-olhado

59

galinha, céo e gato

Cabra, ovelha, boi,
cavalo, jumento

Boi, cabra, ovelha,
cavalo, jumento

Boi, cabra, ovelha,
cavalo, céo e gato

Céo (filhote)

Boi, cédo e gato

Boi, cabra, ovelha,
cavalo e jumento
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Myrmecophagidade

Myrmecophaga BL 1 0,02 0,02 Couro (A) Evitar ataques de cobra Cabra, ovelha, boi,

tetradactyla — cavalo, jJumento
“Tamandud bandeira”

Suidae

Sus scrofa — “Porco” BL, CR 2 0,04 0,04 Banha (D) Feridas e dor ndo Boi, cabras, ovelhas,
especificada cavalo, jumento,

galinha e todas as

espécies domésticas

A — Amuleto (chifre do animal pendurado no pescoco do animal protegido; chifre, rabo, couro, chocalho ou cabeca do animal pendurada ou
exposta em frente ao curral ou galinheiro; mistura a formiga com a batata doce cozida e pendura em frete ao curral). B — Preparar a manteiga para
aplicar topicamente. C - Queimar as fezes secas em frente ao curral. D — Uso topico. E — Uso oral. F - Transpassar uma pequena pena entre as
narinas. G — Via nasal. H — Associado com garrafada (ingestdo oral). I — Correia curada enrolada na pata ou pesco¢o do animal doente. J —

Associada com sal (ingestdo oral). K - O pinto € morto e macerado para uso topico. L - Queimar as fezes dos ninhos das galinhas. MV — Misséo
Velha/CE. BL — Barbalha/CE. CR — Crato/CE.
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Tab. 2 — Categorias de uso medicinal e fator de consenso dos informantes quanto ao uso de
zooterapicos na etnoveterinaria em &reas rurais da regido do Cariri cearense, Brasil.

Categoria de uso Numero de Indicacdo terapéutica Espécies usadas FCI
medicinal espécies/ (ndmero de citacdes de uso)
citacoes
Musculoesquelético 2/14 Dor nas juntas (4), junta  Gallus gallus, Ovis aries 0,92
dura (reumatismo) (4),
fraturas (3), torgoes (2),
torcicolo (1)

Tegumentar 9/21 Estrepada (2), Bos taurus, Gallus gallus, 0,60
cicatrizante (2), dor de Capra hircus, Euphractus
ouvido (2), feridas (10), sexcinctus, Tupinambis
carocos na pele (1), merianae, Meleagris
rachaduras na pele (3), gallopavo, Ovis aries,
queimaduras (1) Rhinella jimi, Sus scrofa

Respiratorio 3/6 Dor de garganta (4), Apis mellifera, Gallus gallus, 0,60
tosse (2) Tupinambis merianae

Circulatorio 11724 Anemia (6), pram Bos taurus, Anhima cornuta, 0,57
(laminite) (6), inchacos Anser anser, Gallus gallus,

(10), estancar 0 Meleagris gallopavo, Numida
sangramento das meleagri, Apis mellifera,
castragdes (1), inchaco Melipona subnitida,
nas juntas (1) Scaptotrigona sp., Ovis aries,
Tupinambis merianae

Gastrointestinal 8/13 Diarreia (5), intoxicacdo  Anhima cornuta, Anser anser, 0,42
por ingestdo de salsa (5), Dendrocygna viduata, Gallus
alimentar filhotes de gallus, Numida meleagris,
outras espécies que Capra hircus, Equus asinus,
perderam a mae (3) Ovis aries

Genitourinario 1113 Sair do choco (4), Anhima cornuta, Anser anser, 0,17

prolapso uterino (7) ,
evitar infecgdo apos a
castragéo (2)

Gallus  gallus, Numida

meleagris, Cyanocorax
cyanopogon, Euphnia
chlorotica, Gnorimopsar
chopi, Paraoraria
domenicana, Scalis flaveola,
Sporophila albogularis,

Turdus rufiventris,
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Inflamatorio 7124 Mastite (3), inflamacéo Bos taurus, Ovis aries, Gallus 0,74
(21) gallus, Meleagris gallopavo,
Melipona subnitida, Ovis
aries, Tupinambis merianae
Parasitaria 7/11 Inseticida (evitar moscas Bos taurus, Anhima cornuta, 0,40
e miiase) (3), eliminar Anser anser, Gallus gallus,
pulgas e piolhos (4), Numida meleagris, Hoplias
eliminar  ectoparasitas malabaricus, Rhinella jimi
(piolho das aves) (1),
bicheira (miiase) (1),
esponja  de cavalo
(habronemaose) (2)
Miscelaneas 28/101  Evitar ataques de cobra Bos taurus, Capra hircus, 0,73
(18), mau-olhado (23), Cerdocyon thous, Crotalus
dor ndo especificada durissus, Mazama

(14), fraqueza (34),
envenenamento por
picada de cobra (5),
evitar ataques de
morcego (5), picada de
lacraia (1), fazer a muda
das penas (1)

gouazoubira, Myrmecophaga
tetradactyla, Boa constrictor,

Bothrops jaracucu,
Camponotus sp., Epicrates
cenchria, Euphractus
sexcinctus, Oryctolagus

cuniculus, Philodreas olfersii,
Pseudoboa cloelia, Capra
hircus, Ovis aries, Sus scrofa,
Anhima cornuta, Anser anser,
Dendrocygna viduata, Equus

asinus, Equus caballus,
Gallus gallus, Meleagris
gallopavo, Numida
meleagris, Ovis aries, Homo
sapiens, Mazama

gouazoubira,

FCI — Fator de consenso do informante.
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5. ARTIGO 1: GC-MS ANALYSIS OF THE FIXED OIL FROM Sus scrofa domesticus
LINNEAUS (1758) AND ANTIMICROBIAL ACTIVITY AGAINST BACTERIA WITH
VETERINARY INTEREST.

Diogenes de Queiroz Dias®™, Débora Lima Sales?, Jacqueline Cosmo Andrade?, Ana Raquel Pereira
da Silva®, Saulo Relison Tintino®, Cicera Datiane de Morais Oliveira-Tintino®, Gyllyandeson de
Aratijo Delmondes®, Marcos Fabio Gadelha Rocha®, José Galberto Martins da Costa®, Romulo
Romeu da Nobrega Alves®, Felipe Silva Ferreira®, Henrique Douglas Melo Coutinho®, Waltécio de

Oliveira Almeida®.

Artigo publicado no perioédico “Chemistry and Physics of Lipids” (anexo 1)

Qualis em Biodiversidade: B1
Fator de Impacto: 2.766

CPL

CHEMISTRY AND PHYSICS
OF LIPIDS




65
GC-MS analysis of the fixed oil from Sus scrofa domesticus Linneaus (1758) and

antimicrobial activity against bacteria with veterinary interest.

Diogenes de Queiroz Dias? Débora Lima Sales?, Jacqueline Cosmo Andrade?, Ana Raquel Pereira
da Silva®, Saulo Relison Tintino®, Cicera Datiane de Morais Oliveira-Tintino®, Gyllyandeson de
Aratjo Delmondes®, Marcos Fabio Gadelha Rocha®, José Galberto Martins da Costa®, Romulo
Romeu da Ndbrega Alves?, Felipe Silva Ferreira®, Henrique Douglas Melo Coutinho®*, Waltécio

de Oliveira Almeida®.

4Universidade Federal Rural de Pernambuco — UFRPE, Recife, PE, Brasil,
bUniversidade Regional do Cariri — URCA, Crato, CE, Brasil,
‘Universidade Estadual do Ceara — UECE, Fortaleza, CE, Brasil,
dUniversidade Estadual da Paraiba — UEPB, Campina Grande, PB, Brasil.

®Universidade Federal do Vale do Sao Francisco — UNIVASF, Senhor do Bomfim, BA, Brasil,

*Corresponding author: (HDM Coutinho), Universidade Regional do Cariri - URCA — CEP:

63105-000 — Crato/CE, Brasil. Tel: +558831021212. E-mail: hdmcoutinho@gmail.com

Abstract

The bioprospection of zootherapeutic products can be a source of new drugs and to the creation of
new strategies of natural resources conservation and management of endangered species. This fact
is supported by ethnobiological studies indicating that the usage of zootherapeutic products can be
replaced by the use of natural products isolated from plants and domestic animals. The emergence
of antibiotic-resistant bacteria has increased the need for research for new active principles.
Ethnoveterinary studies in Brazil have shown that Sus scrofa domesticus fat is used for diseases
associated with bacterial pathogens. The objective of this study was to identify the chemical

composition and to evaluate the antibacterial activity of the fixed oil of Sus scrofa domesticus
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(OFSC) when used alone or associated with antibiotics. In the analysis of the oil composition,
there were 4 constituents identified, with oleic acid being the major constituent. The OFSC did not
present antibacterial activity when tested alone; however, it showed synergism in the modulating

activity when associated with antibiotics Amikacin and Amoxicillin.

Keywords: ethnoveterinary, fatty acids, antibiotic modulating activity, ethnozoology

1. Introduction

The advancement of resistance from bacterial strains to antibiotics is a source of concern for
human and veterinary medicine. Its inappropriate and abusive use of antibiotics is a major factor
in the emergence and selection of resistant bacteria (Poeta and Rodrigues 2008; Arias and Carrilho
2012). Enterobacteriaceae and the Staphylococcus and Streptococcus genera are examples of
microorganisms in veterinary medicine that are resistant to antibiotics (Oliveira et al. 2005;
Contreras et al. 2007). The resistance of these microorganisms is also of concern for human beings
because Enterobacteriaceae and Staphylococcus are known for the possibility of zoonotic

transmission (Oliveira et al. 2005; Horn et al. 2005).

Faced with this problem, many research have been looking for new molecules or new
therapeutic options as alternatives to the types of treatments already established (Haida et al.
2007). The ethno-guided method is one of the alternatives for the discovery of new drugs, which
consists in the investigation of natural products based on traditional knowledge (Ferreira et al.
2009). According to Albuquerque and Hanazaki (2006), information on therapeutic properties in
animals and plants can be considered as a shortcut for the discovery of new drugs by the

pharmaceutical industry.

Natural resources derived from ethno-guided information have been tested as possible

antimicrobial agents. In this context, natural products of plant origin have been highlighted
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because they present antibacterial activity and because they potentiate the activity of antibiotics
(Tintino et al. 2013; Tintino et al. 2015). However, although there is a predominance of studies
with plants, we also find papers with animal products that seek to analyze these same activities

(Ferreira et al. 2009; Dias et al. 2013; Oliveira et al. 2014; sales et al. 2017).

Even after the discovery of new drugs, the animal-derived natural products with medicinal
properties (named as zootherapic procusts), the comprehension of the social context and the
traditional knowledge that use these natural resources is a millestone to the elaboration of
conservation and management strategies of these exploited species, as by as the determination of
public policies aiming the sustainability of these animal populations (Albuquerque et al. 2007).
The work of Ferreira et al. (2016), performed in public markets in the brazilian Northeastern

demonstrated the complete possibility to replace the usage of this natural resource in some places.

Ethnobiological surveys show that components derived from wild or domestic animals are
used to treat diseases that affect human beings and other animals (Barbosa et al. 2007; Ferreira et
al. 2012). In the northeast of Brazil, the body fat of the domestic pig, Sus scrofa domesticus is
used in the treatment of diseases such as mastitis, furunculosis and dermal nodules that affect

domestic animals (Souto et al. 2012).

The objective of this study was to verify if the OFSC has antibacterial and modulatory

activity in front of bacteria of veterinary interest.

2. Materials and Methods

2.1. Zoological material

Body fat from 4 female and 4 adult and unmixed males of Sus scrofa domesticus was
extracted for this test. All the fat obtained was mixed and crushed before sending for the
extraction of the fixed oil. From this mixture 60g of fat was withdrawn to be inserted into the

Soxhlet apparatus having hexane as the solvent. After separating the solvent, the OFSC yield was



68
10.815¢ (18.025%). The adipose tissue was donated by the Municipal Slaughterhouse of Barbalha,
located at Rua P-25, s/n, Malvinas, Barbalha-Ceara (Brazil). This work was approved by the
Commission of Experimentation and Use of animals of the Regional University of Cariri (CEUA -

URCA) with protocol number: 0300/2015.1.

2.2. Obtaining fixed oil and determination of the fatty acids of Sus scrofa domesticus

The extraction of fixed oil from Sus scrofa domesticus (OFSC) was performed according to
Dias et al. (2018). Subsequently, there was 0.2 g of OFSC weighed and saponified for 30 minutes
under reflux with potassium hydroxide solution in methanol, following the methodology described
by Hertman and Lago (1973). After suitable treatment and pH adjustment, the free acids were
methylated with methanol through acid catalysis to obtain the respective methyl esters, used as a
parameter to identify the original fatty acids. The identification of OFSC constituents occurred by

gas chromatography coupled to mass spectrometry (GC-MS).

2.3. Gas chromatography-mass spectrometry (GC-MS)

GC-MS analyses were performed on a Shimadzu GC-MS QP2010 series fitted with a fused
silica Rtx-5MS (30 m x 0.25 mm 1.D.; 0.25 m film thickness) capillary column and temperature
programmed as follow: 60-240 °C at 3 °C/min, then to 280 °C at 10°C/min, ending with 10 min at
280 °C. The carrier gas was He at a flow rate of 1.5 mL/min and the split mode had a ratio of 1:50.
The injection port was set at 220 -C. Significant quadrupole MS operating parameters: interface
temperature 240 °C; electron impact ionization at 70 eV with scan mass range of 40-350 m/z at a
sampling rate of 1.0 scan/s. Injected volume: 1 pL of 5 pg/mL solution in dichloromethane.
Constituents were identified by computer search using digital libraries of mass spectral data (NIST
08) and by comparison of their authentic mass spectra (Adams, 2001). The GC-MS analyses
revealed peaks corresponding to elution and molecular mass of saturated fatty components and
unsaturated often found in oils fixed.

2.4. Antibacterial activity and Modulation of drug action
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The MIC and drug action modulation tests were performed according to Dias et al. (2018).

3. Results

The methyl esters of the OFSC fatty acids were analyzed by GC/MS. In the OFSC, palmitic
acid (28.21%), oleic acid (42.09%), linoleic acid (15.58%) and stearic acid (14.13%) were
identified. The saturation percentage found was 42.34% and 57.67% of saturated and unsaturated

methyl esters, respectively, with oleic acid as the major constituent.

When adding resazurin to evidence MIC, there was a value of >1024 ug/mL established for
OFSC against all strains evaluated here. The results of this MIC showed that although there is an
indication of the ethnoveterinary use of OFSC for the treatment of infections that affect domestic

animals, there was not any clinically relevant activity.

In the subinhibitory concentration (MIC/8) of the antibiotic modulation (graphs 1,2,3,4,5 and
6), there was synergism for EC 06, PM 01, SA 10, SE ATCC and SE 01 when associated with or
Amikacin antibiotic. At the same sub-inhibitory concentration when associated with Amoxicillin,

it presented synergism to SE 01.

Antagonistic effects occurred in the association of OFSC with Norfloxacin against EC 06, PA
24, PM 01, SA 10, SE ATCC and SE 01, with Amoxicillin against PA 24 and PM 01, with

Amikacin against PA 24, with Oxytetracycline versus EC 06 (Figures 1-6).

4. Discussions

Researches demonstrating the antimicrobial activity of body fat from animals have been
performed, aiming specially the human health promotion (Ferreira et al. 2009; Dias et al. 2013;
Oliveira et al. 2014). However, there are many convergent points between the traditional medicine
for human treatment and the ethnoveterinary, involving not only the healthcare but also the

administration of medical care, techniques and behavior (McCorkle 1986; Souto et al. 2011).
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About the use of zootherapeuthic drugs, this superposition is very commom between the

ethnomedicine and ethnoveterinary (Almeida and Albuquerque 2002; Souto et al. 2011).

The analysis of the chemical composition of the OFSC by GC/MS allowed the identification
from the fatty acid methyl esters of four constituents. From the result found, a prevalence of
unsaturated fatty acids occurred, representing a total of 57.67%, with oleic acid as the major
component (42.09%). The proportions found between saturated and unsaturated fatty acids follow
a trend with previous studies that prospect the antibacterial activity of body fat of other species of
animals (Ferreira et al. 2009; Cabral et al. 2013). The presence of palmitic, linoleic, oleic and
stearic acids in OFSC has also been evidenced in other studies on the bioprospection of the

antibacterial activity of fixed oils (Cabral et al. 2013; Oliveira et al. 2014).

From the clinical point of view, this study showed the ineffectiveness of OFSC, against
bacterial diseases when administered alone. For all strains analyzed here, the Minimum Inhibitory
Concentration value was > 1024 pg/mL. This concentration is considered to be ineffective because
a very high dose would have to be delivered to achieve this plasma concentration (Houghton et al.
2007). These data corroborate with the study by Silva et al. (2011) who also verified that there is
no antibacterial action of swine fat for clinical isolates of Staphylococcus aureus, Escherichia coli,

and Pseudomonas aeruginosa.

When we evaluated the OFSC at the subinhibitory concentration (MIC/8) associated with
antibiotics, our results demonstrated a synergistic effect in association with the Amikacin and
Amoxicillin antibiotics. Fatty acids may inhibit bacterial activity (Agoramoorthy et al. 2007).
Hung et al. (2010) found that the antibacterial action of n-6, n-7 and n-9 fatty acids on bacterial
strains may vary according to the type of microorganism and the concentration of the fatty acid.
The answer about OFSC on the strains analyzed here was different. The major fatty acid was oleic

acid, an omega-9, corroborating the study by Hung et al. (2010).
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Antagonistic effects have also been observed in OFSC associations with antibiotics. Previous
studies that aimed to investigate the antibacterial and modulatory activity of body fat from other
species of animals also report the occurrence of antagonistic effects when we associate the fixed
oils with antibiotics, being attributed to a mutual chelation of the fatty acids present in the species
analyzed and in the bacterial walls of the strains analyzed (Ferreira et al. 2009; Dias et al. 2013,
Oliveira et al. 2014; Sales et al. 2017). Similar effect can be attributed here to the antagonistic
effects evidenced here in the association of OFSC with the Amikacin, Amoxicillin, Norfloxacin

and Oxytetracycline antibiotics.

5. Conclusions

Our data indicate that from the clinical point of view, OFSC does not have antibacterial
activity when tested alone against the strains used here. However, when in subinhibitory
concentration combined with the antibiotics, it demonstrated synergistic action for Amikacin and

Amoxicillin.

This study evaluated the effects of OFSC in vitro. Therefore, we recommend the development
of additional in vitro and in vivo studies to highlight the more detailed mechanisms by which the

fatty acids present in OFSC modified the action of antibiotics.
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Figure 1. Sus scrofa fixed oil (OFSC) effect of modulation in combination with antibiotics
(Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline) against strains of Escherichia coli
(ECO06).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Standard
Error of the Mean (S.E.M.), analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the
Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p <0.05 (* - p
<0.05; ** - p <0.01; *** - p <0.001; **** - p <0.0001).
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Figure 2. Sus scrofa fixed oil (OFSC) effect of modulation in association with antibiotics
(Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline) against Pseudomonas aeruginosa
strains (PA24).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Standard
Error of the Mean (S.E.M.), analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the
Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p <0.05 (* - p
<0.05; ** - p <0.01; *** - p <0.001; **** - p <0.0001).
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Figure 3. Sus scrofa fixed oil (OFSC) effect of modulation in association with antibiotics
(Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline) against Proteus mirabilis strains

(PMO1).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Standard
Error of the Mean (S.E.M.), analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the
Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p <0.05 (* - p
<0.05; ** - p <0.01; *** - p <0.001; **** - p <0.0001).
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Figure 4. Sus scrofa fixed oil (OFSC) effect of modulation in association with antibiotics
(Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline) against strains of Staphylococcus

aureus (SA10).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Standard
Error of the Mean (S.E.M.), analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the
Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p <0.05 (* - p
<0.05; ** - p <0.01; *** - p <0.001; **** - p <0.0001).
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Figure 5. Sus scrofa fixed oil (OFSC) effect of modulation in association with antibiotics
(Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline) against strains of Staphylococcus
epidermidis ATCC 12228 (SEATTC).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) * Standard
Error of the Mean (S.E.M.), analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the
Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p <0.05 (* - p
<0.05; ** - p <0.01; *** - p <0.001; **** - p <0.0001).
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Figure 6. Sus scrofa fixed oil (OFSC) effect of modulation in combination with antibiotics
(Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline) against Staphylococcus epidermis
strains multiresistant (SEMRO1).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Standard
Error of the Mean (S.E.M.), analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the

Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p <0.05 (* - p
<0.05; ** - p <0.01; *** - p <0.001; **** - p <0.0001).
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Table 1 - Strains of bacterial clinical isolates used for testing with their antibiotic resistance and
origin profile.

Bacteria

Origin

Resistance profile

Escherichia coli 06

Urine culture

Cephalothin, cephalexin,
cefadroxil, ceftriaxone,
cefepime, ampicilin-sulbactam

Proteus mirabilis 01

Urine culture

Colistin, nalidix acid,
Nitrofurantoin, imipenem

Pseudomonas aeruginosa 24

Urine culture

Amikacin, imipenem,
ciprofloxacin, levofloxacin,
piperacilin-tazobactam,
ceftazidime, merpenem,

cefepime.
Staphylococcus aureus 10 Rectal swab Cephalothin, cephalexin,
culture cefadroxil, ceftriaxone,
cefepime, ampicilin-sulbactam
Staphylococcus epidermidis 01 Surgical Benzylpenicilin; ciprofloxacin;
wound Moxifloxacin;

sulfamethoxazole-
trimethoprim; gentamicin;
norfloxacin

Source: Laboratory of Microbiology and Molecular Biology - LMBM - Regional University of Cariri-URCA and

Laboratory of Microbiology LB - UFC - Federal University of Ceara.
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6. ARTIGO 2: BODY FAT MODULATED ACTIVITY OF Gallus gallus domesticus
LINNAEUS (1758) AND Meleagris gallopavo LINNAEUS (1758) IN ASSOCIATION WITH
ANTIBIOTICS AGAINST BACTERIA OF VETERINARY INTEREST.
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ABSTRACT
In the Northeast of Brazil, ethnoveterinary studies have shown that the body fat from Gallus
gallus domesticus and Meleagris gallopavo are used for diseases that affect domestic animals. The
objective of this study was to identify the chemical composition and to evaluate the antibacterial
activity of the Gallus gallus domesticus (OFGG) and Meleagris gallopavo (OFMG) fixed oils in

isolation and in association with antibiotics. The OFGG and OFMG from the poultry’s body fat
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were extracted using hexane as a solvent in Soxhlet. Their composition was indirectly determined
using fatty acid methyl esters. The OFGG and OFMG antibacterial and modulatory activities
against standard and multi-resistant bacterial strains were performed through the broth
microdilution test. In the OFGG chemical composition, 4 constituents were identified. The
saturated fatty acid (AGS) and unsaturated fatty acid (AGI) percentages were 35.1% and 64.91%
respectively, with linoleic acid being the major component. In the OFMG, 3 constituents were
identified. The AGS percentage was 27.71% and 72.29% for AGI, with oleic acid as the most
abundant component. The oils did not present antibacterial activity when tested in isolation,
presenting Minimum Inhibitory Concentrations (MICs) > 512 pug/mL. However, when associated
with antibiotics the OFGG showed synergistic activity with the antibiotics Amikacin, Amoxicillin,
Norfloxacin and Oxytetracycline, while the OFMG promoted a synergistic action with the
antibiotics Amikacin, Amoxicillin and Norfloxacin.

Keywords: Ethnoveterinary, zootherapy, fatty acids, antibiotic modulating activity

1. Introduction

There are many parallels between traditional medicine for human beings and traditional
medicine for animals, encompassing not only health care and belief concepts, but also almost all
modes of medical material administrations, skills, techniques, and behaviors 1. According to
Alves and Rosa 2, ethnomedical information may indicate the presence of biologically active
constituents and may represent important sources for the discovery of new medications. The
information from ethnoveterinary systems has led to the bio-prospection of natural products
which can be used to treat parasitic [ and bacterial diseases which affect domestic animals °1,

The concern with the increasing occurrence of bacterial strains resistant to several groups
of antibiotics is one of the most worrying problems for research directed towards animal health
[6-8] Studies indicate that the increase in antibiotic-resistant bacterial strains coincide with the

wide use of different antibiotic groups for the treatment of several clinical manifestations in
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human beings and animals, as well as in the food preservation and experimental medicine
industries (101,

Several microorganisms are responsible for infectious diseases in domestic animals, for
example, infectious mastitis in animals is caused by a wide variety of microorganisms with the
Staphylococcus and Streptococcus genera being the main contagious microorganisms, in addition
to environmental agents such as Enterobacteriaceae Escherichia coli, Proteus mirabilis,
Klebsiella pneumoniae, Pseudomonas aeruginosa 1. The potential for the Enterobacteriaceae
family to be zoonotic is also a concerning factor in addition to antibiotic resistance [*2,

One of the alternatives to preventing antibiotic bacterial strain resistance occurs through
the bio-prospection of natural products that may demonstrate antibacterial or antibiotic
modulating activity ™31, Natural resources such as plants ' and animals ™ are used in
ethnoveterinary practice. Plant-derived materials represent the majority of ingredients used in
traditional health systems around the world, however animal origin products, such as urine and
fat, are also important elements in the ethnomedical sense [,

In recent years, some studies have tried to analyze the antibacterial and antifungal
potential of animals (named as zootherapy), such as in the study by Sales et al. 61, where they
demonstrated that glandular secretions from the Rhinella Jimi frog potentiated aminoglycoside
effects against bacteria. Tadesse et al. '] reported that compounds from sponges and ascidians
showed activity against bacteria and fungi. Although products from domestic animals are cited
for the treatment of diseases that affect humans and other animals, studies that seek to validate
these pharmacological activities are still rare 13181,

In the Northeast of Brazil, ethnoveterinary studies have shown that fat is one of the main
products used for the treatment of diseases affecting domestic animals 82%, For domestic
animals, turkey (Meleagris gallopavo) and chicken (Gallus gallus domesticus) fats are cited for

the treatment of blisters, and the chicken fat is also used to treat mastitis and dermal nodules [18
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201 However, studies that seek to validate the antibacterial and modulatory activity of these
species' fats against bacteria that cause diseases in domestic animals were not found.

In this study, the antibacterial and modulatory activity of the Gallus gallus domesticus
and Meleagris gallopavo body fat against bacteria of veterinary interest were verified.
2. Materials and Methods
2.1. Zoological bird materials

The abdominal fat of eight male and seven female Meleagris gallopavo (Linnaeus, 1758)
as well as fifteen male and fifteen female Gallus gallus (Linnaeus, 1758) were donated by the
commercial slaughterhouse Adriano do Frango ME, located at Street F7, number 7, Santa
Terezinha Village, in the city of Barbalha - Ceara (Brazil). All animals used for fat extraction
were adults of undefined strains (UDS) from several non-commercial farms, raised extensively
(free range) and without receiving specific rations. For each species, the total fat obtained was
mixed and crushed before sending it for extraction of their respective fixed oils. This study was
approved by the Commission of Experimentation and Use of animals of the Regional University
of Cariri (CEUA - URCA), under protocol number: 0300/2015.1.
2.2. Obtaining the Meleagris gallopavo (OFMG) and Gallus gallus domesticus (OFGG) fixed
oils

The fixed oils were extracted from body fat located in the ventral region of the birds. The
extraction was performed in a Soxhlet device for 4 hours using hexane P.A. as a solvent. After
the mixtures were filtered and decanted, the poultry oils were dried in a water bath at 70 °C for 2
hours. Thereafter, they were stored in a freezer (- 4 °C) until testing them.
2.3. Fatty acid determination

The Meleagris gallopavo and Gallus gallus domesticus fatty acids were indirectly
determined using their corresponding methyl esters. Each species was weighed with 0.2 g of oil

and saponified for 30 minutes under reflux with potassium hydroxide solution in methanol,
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following the methodology described by Hertman and Lago [?Yl. After appropriate treatment and
pH adjustment, the free acids were methylated using methanol through acid catalysis to obtain
the respective methyl esters.

2.4. Gas chromatography-mass spectrometry (GC-MS)

GC-MS analyses were performed on a Shimadzu GC-MS QP2010 series fitted with a
fused silica Rtx-5MS (30 m x 0.25 mm 1.D.; 0.25 m film thickness) capillary column and
temperature programmed as follow: 60-240 °C at 3 °C/min, then to 280 °C at 10 °C/minute,
ending with 10 minutes at 280 °C. Helium was the carrier gas with a flow rate of 1.5 mL/min and
a split mode ratio of 1:50. The injection port was set at 220 °C. Significant quadrupole MS
operating parameters: interface temperature 240 °C; electron impact ionization at 70 eV with
scan mass range of 40-350 m/z at a sampling rate of 1.0 scan/s. Injected volume: 1 pL of 5
pg/mL solution in dichloromethane. Constituents were identified by computer search using
digital mass spectral data libraries (NIST 08) and by comparison of their authentic mass spectra
(221 The GC-MS analyses revealed peaks corresponding to the elution and molecular mass of
saturated and unsaturated fatty components often found in fixed oils.

2.5. Microorganisms

The experiments were carried out with Escherichia coli (EC06), Pseudomonas
aeruginosa (PA24), Staphylococcus aureus (SA10), Multiresistant Staphylococcus epidermidis
(SEMRO01) and Proteus mirabilis (PMO01) clinical isolates as well as a standard Staphylococcus
epidermidis ATCC 12228 (SEATCC) bacterial strain. All strains were maintained on Heart
Infusion Agar slants (HIA, Difco). Before the assays, the cells were cultured for 24 hours at 37
°C in Brain Heart Infusion (BHI, Difco). The Escherichia coli (EC06), Pseudomonas aeruginosa
(PA24) and Staphylococcus aureus (SA10) bacteria came from the Microbiology and Molecular
Biology Laboratory of the Regional University of Cariri, (LMBM-URCA); while the

Staphylococcus epidermidis ATCC 12228, Staphylococcus epidermidis (MRO1), and Proteus
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mirabilis (PMO1) bacteria were obtained from the Bacteriology Laboratory of the Federal
University of Ceard (LB - UFC) (Table 1).
2.6. Drugs
The antibiotics Amoxicillin (Unido Quimica Farmacéutica Nacional S/A, Brazil),

Oxytetracycline/LA (Zoetis Manufacturing & Research Spain, SL), Amikacin (Sigma Co., St.
Louis, USA) and Norfloxacin (Sigma Co., St. Louis, USA) were selected for testing. All of these
components were dissolved in distilled water and sterilized before their use. The aforementioned
antibiotics were chosen for use in this study because they were used in bacterial diseases
affecting domestic animals, whose etiological agents are often the microorganisms mentioned
above (item 2.5), and because there are bacterial resistance reports in veterinary medicine on
these antibiotics when they are used in domestic animals [ {231,
2.7. Initial solution and test solution preparations

The Gallus gallus domesticus and Meleagris gallopavo fixed oils were solubilized in 1 ml
of dimethyl sulfoxide (DMSO-Merk, Darmstadt, Germany) in the starting solution preparation.
Thereby, a concentration of 10 mg/ml was obtained. Then, these solutions were microdiluted in
sterile distilled water, reaching a concentration of 1024 ug/ml, reducing the DMSO concentration
to below 10% and thus avoiding its possibly toxic effect 241,
2.8. Minimal Inhibitory Concentration

The broth microdilution procedure was adopted 2 where solutions were prepared in
eppendorf® type microtubes containing 1 mL of solution with 900 uL of 10% BHI and 100 pL
of the bacterial suspension with 10% CFU according to the McFarland scale. The plate was filled
numerically by adding 100 pL of this solution into each well in a total of 96 wells, followed by
serial microdilution performed with a 100 pL solution of the oil or antibiotics, with varying
concentrations from 512 to 8ug/mL. The plates were then taken to an incubator for 24 hours at

37 °C. To demonstrate the MIC of the samples, a resazurin sodium (Sigma) solution in sterile



91

distilled water at the concentration of 0.01% (w/v) was prepared. After incubation, 20 ul of the
indicator solution was added into each well and the plates were subjected to an incubation period
of 1 hour at room temperature. The staining change from blue to pink due to the reduction of the
resazurin pH indicated the presence of bacterial growth. The MIC was determined as the lowest
concentration in which no growth was observed, which was evidenced by the unaltered blue
color %61 All procedures were performed in quadruplicates.
2.9. Modulation of drug action

To verify if the fixed oils could modify the action of the antibiotics against the tested
strains, the methodology proposed by Coutinho et al. (2008) 2" was used, where the oil solutions
were tested at sub-inhibitory concentrations (MIC/8). Eppendorf® microtubes containing 1.5 mL
of 10% BHI solution, 150 pL of the bacterial suspension and 23 uL of the fixed oil were
prepared. For the control, eppendorf® microtubes were prepared with 1.5 mL of a solution
containing 1,350 pL of BHI (10%) and 150 pL of microorganisms in suspension. The plate was
filled alphabetically by adding 100 uL of this solution into each well. The antibiotic (100 uL)
was added to the first well and serial microdilutions at a 1:1 ratio were performed up to the
penultimate cavity. All procedures were performed in quadruplicates. The antibiotics Amikacin,
Amoxicillin, Norfloxacin and Oxytetracycline L.A. were evaluated at concentrations ranging
from 512 to 0.5 pg/mL.
2.10. Statistical analysis

Statistical significance was assessed using a two-way ANOVA (Analysis of Variance)
followed by Bonferroni’s post hoc test (where p <0.05 and p < 0.0001 are considered significant
and p> 0.05 is not significant) using the software Graph Pad Prism 6.0.
3. Results

GC/MS fixed oil analyses allowed the Gallus gallus domesticus and Meleagris gallopavo

fatty acid methyl esters to be identified. In the OFGG, 4 chemical constituents were identified.
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The saturated and unsaturated methyl ester percentages found were of 35.1% and 64.91%,
respectively, with linoleic acid (55.35%) as the major constituent. The OFMG had 3 constituents,
with 72.29% of them being unsaturated and 27.71% saturated; oleic acid (56.83%) was its major
constituent (Table 2).

The resazurin added to the bacterial culture wells established a MIC of > 512 pg/mL for
the OFGG and OFMG. The MIC results for both species demonstrated that although OFGG and
OFMG are indicated in traditional veterinary medicine for the treatment of infections, they have
not shown any clinically relevant antibacterial activity.

In the antibiotic modulation assays (charts 1, 2, 3, 4, 5 and 6), when associated with
Amikacin, the OFGG presented synergism for EC 06, SE ATCC, SE 01 and PM 01. When in
association with Amoxicillin, synergism for EC 06 and SE 01 was observed. For Norfloxacin,
synergism occurred with the OFGG against SE 01 and PA 24, as well as in association with
Oxytetracycline against EC 06. Antagonistic effects occurred for the OFGG and Amoxicillin
association against PA 24 and PM 01, as well as with Amikacin against PA 24 and
Oxytetracycline against PM 01.

When associated with Amikacin, the OFMG presented synergism against SA 10, PM 01
and SE 01. Other synergistic effects still occurred in the association of the OFMG with
Norfloxacin for EC 06 and SE 01 and with Amoxicillin against SE 01. Antagonistic effects
occurred for this fixed oil when associated with: Amikacin against EC 06, PM 01, PA 24;
Oxytetracycline against PM 01 (Figures 1, 2, 3, 4, 5 and 6).

4. Discussion

The fatty acids in OFGG and OFMG are similar. However, the proportion between
saturated and unsaturated fatty acids is different, where the OFGG presents 35.1% of saturated
fatty acids and 64.91% of unsaturated fatty acids, the OFMG presents 72.29% unsaturated and

27.71% saturated fatty acids. In animal fats, mainly saturated fatty acids are found 28, A basic
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poultry diet is composed of vegetables, where today the supply of animal-derived ingredients is
prohibited %1 The percentage and types of fatty acids present in the poultry’s body fat may vary
according to the amount and type of lipid source provided in poultry feed 2. The major
components found in this study are different, with linoleic acid being the main constituent of
OFGG and oleic acid of OFMG, where this variation may be due to a different lipid diet
provided for the species evaluated here. Previous studies investigating the antibacterial activity
of animal fats as well as the results of the present study demonstrate that the composition of
saturated and unsaturated fatty acids may vary according to the species analyzed [*31[28],

Our data indicates that in the antibacterial activity analysis, the OFGG and OFMG when
used in isolation, did not demonstrate any relevant activity against the strains tested here. The
results indicate that there is no pharmacological basis for the use of OFMG and OFGG to treat
bacterial diseases in domestic animals that have the bacterial strains used as etiological agents.

The modulatory action of the fixed oils mentioned above when associated with antibiotics
commonly used to treat domestic animals were also investigated. OFGG showed a synergistic
effect when associated with the antibiotics Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline. In another study, Coutinho et al. (2014) % had already found that OFGG had a
modulatory effect against Staphylococcus aureus when associated with aminoglycosides.
However, due to the absence of the OFGG chemical composition in their study, it is impossible
to associate our results with respect to the compounds. Similar to OFGG, OFMG also
demonstrated a synergistic effect in association with the antibiotics Amikacin, Amoxicillin, and
Norfloxacin.

Several chemical compounds, whether synthetic or from natural sources, have direct
activity against several bacterial species increasing the specific activity of the antibiotic,
reverting the bacterial natural resistance to specific antibiotics, eliminating plasmids and

inhibiting the active effluent of antibiotics through the plasma membrane. The potentiation of
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antibacterial activity or antibiotic resistance reversal permits the categorization of these
compounds as modifiers of antibiotic activity 231,

Several mechanisms may be involved in bacterial growth inhibition by the fixed oil,
where this inhibitory effect may be partly attributed to the inhibitory nature of some components.
As a result, these components may exhibit greater interaction with the cell membrane lipid
bilayer, affect the respiratory chain and energy production, or even leave the cell more
permeable to antibiotics, thus providing interruption of cellular activity. Several components
from the fixed oils can permeabilize cell membranes, increasing antibiotic penetration.
Enzymatic action interference can also be considered a potential mechanism of action. All the
mechanisms of action mentioned herein can be obtained by the associating of antibiotics with
fixed oils at a sub-inhibitory concentration administered directly into the culture medium 34,

This study corroborates with previous studies where, even when a direct fixed oil
antibacterial activity does not occur, the association between antibiotics and zootherapy fixed
oils can inhibit bacterial action against certain strains [3I35361_ Other reports on the association of
fixed oils and antibiotics against bacteria were observed all indicating a potentiation of antibiotic
activity due to a greater membrane permeability, which is why we conducted the birds’ fixed oil
modulation tests, although these did not present direct antibacterial action B4E7,

The fixed oil from the two bird species tested here were capable of modulating the action
of essentially the same antibiotics. However, the response from each of the fixed oils against
certain strains was different. The major fatty acids from the two bird species were unsaturated
fatty acids. However, these were different components with an Omega-6 being the major
component of the OFGG and an omega-9 of the OFMG, corroborating with the analysis by
Huang et al. (2010) 38 where the authors demonstrated that certain fatty acids can present

greater antibacterial activity over specific strains.
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Granowitz and Brown B and Ferreira et al. %! report that antagonistic effects may also
occur when we associate natural products with antibiotics, where this effect is attributed to the
occurrence of a mutual chelation. Similar effects may be attributed here to antagonistic effects
having occurred with the OFGG and OFMG.

5. Conclusions

The results presented here indicate that OFGG and OFMG did not present clinically
relevant antibacterial activity against the bacterial strains used when tested in isolation.
However, when poultry fixed oils were tested in combination with antibiotics, OFGG modulated
the action of the antibiotics Amikacin, Amoxicillin, Norfloxacin, and Oxytetracycline, while
OFMG modulated the action of Amikacin, Amoxicillin, and Norfloxacin.

This study examined the effects of the OFGG and OFMG in vitro, thus additional studies
with living organisms should be performed to verify systemic efficacy and elucidate additional
information related to clinical issues which occur in veterinary medicine.
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Fig. 1. Effect of the modulation of fixed oils of Gallus gallus (OFGG) and Meleagris
gallopavo (OFMG) in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline) against Escherichia coli (strains EC06).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) £ Mean
Standard Error SEM, analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the

Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p < 0.05
(*-p<0.05; **-p<0.01; *** - p<0.001; **** - p <0.0001).
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Fig. 2. Effect of the modulation of the fixed oils of Gallus gallus (OFGG) and Meleagris
gallopavo (OFMG) in association with antibiotics (Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline) against Pseudomonas aeruginosa strains (PA24).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Mean
Standard Error SEM, analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the

Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p < 0.05
(*- p<0.05; ** - p<0.01; *** - p<0.001; **** - p < 0.0001).
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Fig. 3. Effect of the modulation of fixed oils of Gallus gallus (OFGG) and Meleagris
gallopavo (OFMG) in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline) against Proteus mirabilis strains (PMO01).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Mean
Standard Error SEM, analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the

Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p < 0.05
(*- p<0.05; ** - p<0.01; *** - p <0.001; **** - p < 0.0001).
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Fig. 4. Effect of the modulation of fixed oils of Gallus gallus (OFGG) and Meleagris
gallopavo (OFMG) in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline) against Staphylococcus aureus strains (SA10).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) £ Mean
Standard Error SEM, analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the

Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p < 0.05
(*-p<0.05; ** - p<0.01; *** - p<0.001; **** - p < 0.0001).
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Fig. 5. Effect of modulation of fixed oils of Gallus gallus (OFGG) and Meleagris gallopavo
(OFMG) in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline) against Staphylococcus epidermidis strains ATCC 12228 (SEATTC).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Mean
Standard Error SEM, analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the
Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p < 0.05
(*-p <0.05; ** - p <0.01; *** - p <0.001; **** - p < 0.0001).
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Fig. 6. Effect of the modulation of the fixed oils of Gallus gallus (OFGG) and Meleagris
gallopavo (OFMG) in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin, and
Oxytetracycline) against the Multiresistant Staphylococcus epidermis strains (SEMRO1).

The columns represent the Minimal Inhibitory Concentration (MIC) expressed in Geometric Mean (MG) + Mean
Standard Error SEM, analyzed through the two-way ANOVA (Two-Way Analysis of Variance) followed by the

Bonferroni test and multiple 't' post hoc. The significance level for rejection of the null hypothesis was p < 0.05
(*- p<0.05; ** - p<0.01; *** - p<0.001; **** - p < 0.0001).
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Table

Tab. 1 - Strains of bacterial clinical isolates used for testing with their antibiotic resistance
and origin profile.

Bactéria Origem Perfil de resistencia

Escherichia coli 06 Urine culture Cephalothin, cephalexin,
cefadroxil, ceftriaxone, cefepime,
ampicilin-sulbactam

Proteus mirabilis 01 Urine culture Colistin, nalidix acid,
Nitrofurantoin, imipenem

Pseudomonas aeruginosa 03  Urine culture Amikacin, imipenem,
ciprofloxacin, levofloxacin,
piperacilin-tazobactam,
ceftazidime, merpenem, cefepime

Staphylococcus aureus 10 Rectal swab Cephalothin, cephalexin,
culture cefadroxil, ceftriaxone, cefepime,
ampicilin-sulbactam

Staphylococcus epidermidis  Surgical wound Benzylpenicilin; ciprofloxacin;

01 Moxifloxacin; sulfamethoxazole-
trimethoprim; gentamicin;
norfloxacin

Source: Laboratério de Microbiologia e Biologia Molecular - LMBM - Universidade Regional do Cariri-URCA
e Laboratdrio de Microbiologia da UFC.



Tab. 2 - Methyl esters identified in the fixed oils Gallus gallus (OFGG) and Meleagris gallopavo (OFMG) with their respective percentages.

Componentes Estrutura quimica OFGG OFMG
P q RI? (%) RI® (%)
HO
Hexadecanoic Acid Y\/\/\/\/V\/\/ 27.617 29.24 - ;
0 Palmitic Acid
0
9,12 - Octadecadienoic acid HOMV\AW 31.018 9.56 31.023 15.46
Linoleic acid
0
i
9 — Octadecenoic acid OH 31.103 55.35 31.107 56.83
Oleic acid
o)
Tridecanoic acid VV\/\/\/\)J\OH 31.484 5.86 27.627 2771
Tridecanoic Acid
Satured Esters 35.10% 27.71%
Insatured Esters 64.90% 72.29%
Total identificado 100% 100%
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Abstract

Northeast Brazilian ethnoveterinary studies associated with the medicinal use of zootherapies
have shown that ruminants’ body fat such as sheep (Ovis aries), goats (Capra hircus) and
cows (Bos taurus) are used in diseases affecting domestic animals. The objective of this study
was to evaluate the antibacterial activity of the fixed oils from these ruminants in isolation and
in association with antibiotics. Ovis aries (OFOA), Capra hircus (OFCH) and Bos taurus
(OFBT) fixed oils were extracted using a Soxhlet apparatus with hexane as the solvent.
Through the use of gas chromatography coupled to mass spectrometry (GC-MS) the methyl
esters from the ruminants’ fixed oils were obtained and the fatty acids present in these oils
were indirectly determined. The OFOA, OFCH and OFBT antibacterial and antibiotic
modifying activities against standard and multi-resistant bacterial strains were carried out
using the broth microdilution test. The fixed oils from these species did not present
antibacterial activity when tested in isolation, obtaining Minimal Inhibitory Concentration
(MICs) values > 1024 pg/mL. However, when associated with antibiotics, OFBT and OFCH
showed a synergistic activity for the Amicacin, Amoxicillin, Norfloxacin and Oxytetracycline
antibiotics. The OFOA promoted a synergistic action for the same antibiotics with the

exception of Norfloxacin.

Key-words: ethnoveterinary, ethnozoology, fatty acids, antibacterial activity

1. Introduction

Studies have reported that there has been an increase in bacterial resistance to
antibiotics are administered for the prevention and treatment of diseases affecting domestic
animals (Costa et al., 2006; Poeta and Rodrigues, 2008; Maia et al., 2009; Arias and Carrilho,
2012). Therefore, bacterial resistance advancement is a source of concern for veterinary

medicine, where the inappropriate and abusive use of antimicrobial drugs is considered to be a
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major cause for this emergence and resistant bacterial selection (Arias and Carrilho, 2012).
This practice is associated with antibiotic residues being present in foods with animal origin
and the selection of resistant bacteria, which poses serious risks for domestic species and
humans since many antimicrobial classes are prescribed to fight diseases affecting humans
and other species, thus leading to therapeutic failure (Mota et al., 2005; Costa et al., 2006).
Furthermore, this occurs because of the transfer of resistant bacteria through the food chain
(Arias and Carrilho, 2012). Another important factor is that new drug discoveries require time
and large investments in order to be developed, while the time required for resistant bacteria

to emergence is lower (Kohl et al., 2016).

Staphylococci are bacteria which colonize the skin and mucous membranes of several
mammals (Otto, 2009) and present bacterial resistance reports in domestic animals (Wesse
and DuiJkeren, 2010; Pereyra et al., 2017; Kohl et al., 2016) as well as in humans (Prakoso et
al., 2018). A good example for domestic animals is the concern associated with
Staphylococcus aureus resistance in cow mastitis (Pereyra et al., 2017). Staphylococcus
epidermidis is another example of potential pathogenic staphylococci, where resistance
reports for bacterium in healthy or unhealthy domestic animals already exist (Basso et al.,
2009). Moreover, Pseudomonas aeruginosa, Escherichia coli, and Proteus mirabilis, which
have been causing concerns for public health, can be cited where bacterial resistance has
already been reported in animals (O’Hara et al., 2000; Oliveira et al., 2005; Horn et al., 2015),
and which according to Paterson (2012), are involved in a large amount of food poisonings

occurring in the human species.

Alternatives for new drug discoveries are being developed and one of them occurs
through an ethno-driven method. This method investigates the possible pharmacological
activities of natural products taking into account the use of these products in traditional

communities (Albuquerque and Hanazaki, 2006). Products derived from animals are used by
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various human communities to treat diseases affecting their domestic animals and are
considered an important source of study for the development of new drugs (Barbosa et al.,
2007; Oliveira et al., 2011; Souto et al., 2011; Souto et al., 2012). The biological prospection
of natural products described in ethnoveterinary surveys already present interesting results.
The study by Monteiro et al. (2011), for example, identified a antiparasitic activity of
Jatropha curcas L. seeds against Haemonchus contortus. Another example is the recent study
by Dias et al. (2018), which evidenced the antibiotic modulatory activity of the chicken
(Gallus gallus domesticus) and turkey (Meleagris gallopavo) body fat when associated with

antibiotics.

In the northeast of Brazil, ethnoveterinary surveys associated with the use of
zootherapeutics (animals considered for medicinal use in traditional medical system) have
highlighted the use of ruminant body fat (Barbosa et al., 2007; Souto et al., 2011; Souto et al.,
2012). The body fat from sheep (Ovies aries) (castrated males only) is used in cattle gangrene
coryza and polyarthritis as well as for nodules present on the skin of several domestic animal
species. On the other hand, goat (Capra hircus) and cow (Bos taurus) fat are used for mastitis,

sore throats, wounds and nodules present on the skin (Souto et al., 2011; Souto et al., 2012).

Although studies seeking to evaluate the antimicrobial and modulatory action of fats
from wild animal species against bacteria can be found (Ferreira et al., 2011; Dias et al.,
2013), these same activities performed with the body fat from domestic species are scarce
(Dias et al., 2018). The scarcity of ethnoveterinary studies aimed at the prospection of new
substances which may be used to treat domestic animal diseases contrasts with the livestock
problem, where a lack of regular access to medicines is found, thus harming the productivity
of small and medium-sized ranchers (eg, food, transport, clothing) (McGaw et al., 2007). In
addition, a recent study taking place in public markets in the Northeast of Brazil found that in

some of these sites the informants mentioned the use of wild animals can be replaced by
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domestic animals for the treatment of certain diseases (Ferreira et al., 2016). Therefore, the
validation of the pharmacological activities of domestic animals considered as zootherapeutic
may contribute to stimulate the use of natural products derived from domestic animals which

may replace the use of wild animals.

According to the aforementioned premises, the objective of this study was to verify if
the Ovis aries, Capra hircus and Bos taurus fixed oils have antibacterial and modulatory

activity against bacteria of veterinary interest.

2. Materials and methods

2.1. Collection and zoological material preparation

For this study, the body fat from 4 female and 4 adult males with undefined race were
extracted from Capra hircus and Bos taurus. For Ovis aries, the body fat from 8 castrated
male goats with undefined race were extracted. For this last species, the choice of only using
castrated males takes into account ethnoveterinary citations using only castrated males (Souto
etal., 2011; Souto et al., 2012). The fat from each species was mixed and ground before fixed
oil extraction. Adipose tissue was donated by the Matadouro Municipal de Barbalha, located
at Rua P-25, s/n, Malvinas, Barbalha-Ceara (Brasil). This study was approved by the
Commission of Experimentation and Use of Animals of the Regional University of Cariri

(CEUA — URCA), under protocol number: 0300/2015.1.

A test solution from each fixed ruminant oil was solubilized in 1 mL of dimethyl
sulfoxide (DMSO-Merk, Darmstadt, Germany), thus yielding an initial concentration of 10
mg/ml. Each test solution was then microdiluted using sterile distilled water up to a
concentration of 1024 pg/mL, reducing the concentration of DMSO to less than 10%, thus

preventing it from causing toxic effects (Matias et al, 2010). OFOA, OFCH and OFBT
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extraction, as well as fatty acid determinations, were performed according to Dias et al.

(2018).

2.2. GC-MS

Analyses were conduct by combined gas chromatography mass spectometry (GC-MS)
on an Agilent 5975C series MSD™ mass spectrometer coupled with an Agilent 7890A™ gas
chromatograph (Agilent Tecnologies, Palo Alto, CA, USA), equipped with a non-polar HP-5
ms column ( Agilent J&W,; 30m x 0,25mm d.i. X 0,25Im film thickness). For each sample,
1uL was injected in split mode (20:1) with the injector temperature set to 250 °C. GC over
temperature was set 40 °C for 2 min, than increased at a rate of 4 °C/min to 230 °C, then held
steary for 5 min. Helium (HE) carried gas flow maintained at a constant presure of 7.0 psi.
MS Source and quadrupole temperatures were set at 230 °C and 150 °C, respectively. Mass
spectra were taken at 70 eV (in ElI mode) with a scanning speed of 1.0 scan™ from m/z 35-

350.

Compound were identified by comparing their mass spectra and linear retention
indices (LRI, determined for the individual components of the essential oil by co-injection of
a sample with a mixture of Cg-Czo linear hydrocarbons under the conditions described above,
and subsequent application of the VVan den Dool and Kratz equation) with those of authentic
reference samples available from commercial mass spectral libraries (MassFinder 4, NIST11,
and Wiley Registry™ 9th Edition), integrated to the softwere Agilent MSD Productivity
ChemStation (Agilent Technologies, Palo Alto, CA, USA). A standard fatty acid methyl
esters mixture (RM18920 SUPELCO, F.A.M.E. Mix C8-C22, Supelco Inc., PA, USA) was
used to identify fatty acid methyl esters and hydrocarbons were identified using standard of

Cg-C2o linear hydrocarbons mixture (Sigma-Aldrich, Sdo Paulo, Brazil).
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Quantitative analisys of esterified oil and non- esterified oil were performed in a gas
chromatography (Thermo TRACE ULTRA, FID detector) equipped with a non-polar HP-5
column ( Agilent J&W,; 30m x 0,25mm d.i. X 0,25Im film thickness) using the same
conditions of GC-MS analisys. The oil components were quantified by normalization of peak

areas of fatty acid of methyl esters in relation to the combined &rea of all peaks.

2.3. Bacterial strains

Gram-positive and Gram-negative bacteria were used in the minimum inhibitory
concentration (MIC) and drug modulatory tests. The Staphylococcus aureus (SA10),
Staphylococcus epidermidis (SEMRO01), Pseudomonas aeruginosa (PA24), Escherichia coli
(ECO06) and Proteus mirabilis (PMO1) clinical isolates as well as the standard Staphylococcus
epidermidis ATCC 12228 (SEATCC) strain were selected. Strain selection took into account
antibiotic resistance reports (see introduction). The strains were maintained in Heart Infusion
Agar (HIA, Difco) slant media. Prior to assays, the cells were cultured for 24 hours at 37 °C
in Brain Heart Infusion (BHI, Difco). The Pseudomonas aeruginosa (PA24), Escherichia coli
(EC06) and Staphylococcus aureus (SAL10) bacteria came from the Laboratério de
Microbiologia e Biologia Molecular da Universidade Regional do Cariri, LMBM-URCA,
while Staphylococcus epidermidis ATCC 12228, Staphylococcus epidermidis (MR01) and
Proteus mirabilis (PMO01) were gifted by the Laboratério de Bacteriologia da Universidade
Federal do Ceara (LB — UFC). The resistance profile of the selected strains are described in

Dias et al. (2018).

2.4. Antibiotics

Amikacin (Sigma Co., St. Louis, USA), Amoxicillin (Unido Quimica Farmacéutica
Nacional S/A., Brazil), Oxitetracycline/LA (Zoetis Manufacturing & Research Spain, SL) and

Norfloxacin (Sigma Co., St. Louis, USA) were used for the Minimum Inhibitory
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Concentration (MIC) and drug modulation tests. The antibiotics selected for these tests are
cited in veterinary medicine studies as having bacterial resistance (Arias and Carrilho 2012;
Dias et al., 2018). All of these components were dissolved in distilled sterile water prior to

use.

2.5. Minimum inhibitory concentration and drug action modulation

The MIC and drug action modulation tests were performed according to Dias et al.

(2018).

2.6. Statistical analysis

Statistical significance was assessed using a two-way ANOVA (Analysis of Variance)
followed by Bonferroni's post hoc test (where p < 0.05 and p < 0.0001 are considered

significant and p > 0.05 is not significant) using the software Graph Pad Prism 6.0.

3. Results

Fixed oil GC/MS evidenced the presence of palmitic acid, linoleic acid and stearic
acid in the OFBT, OFOA and OFCH composition. However, only OFOA and OFCH
presented heptadecanoic acid in their composition. Saturated and unsaturated fatty acids were
present in all three oil types, however, these presented discrete variations in the percentage of

each of the identified fatty acids (see table 1).

Following Resazurin addition, the OFBT, OFCH and OFOA MIC values obtained
were > 1024 pg/ml. These results suggest the fixed oils from the 3 ruminant species were

unable to inhibit bacterial activity of the analyzed strains when used in isolation.

The association of the ruminant fixed oils (OFCH, OFBT and OFOA) at subinhibitory

concentrations (MIC/8) with antibiotics (shown in Figures 1, 2, 3, 4, 5 and 6) showed
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synergistic effects. OFBT in combination with Amikacin showed synergism for the ECO6,
PM 01, SA 10, SE ATCC and SE 01 strains. While when in association with Amoxicillin it
presented synergism for SE 01. When associated with Oxytetracycline, OFBT demonstrated
synergism for PM 01 and even demonstrated synergism for SA 10 when associated with
Norfloxacin. The OFCH when in association with Amikacin presented synergism for SE 01,
SA 10 and PM 01. When in association with Oxytetracycline, synergism for the strains EC 06
and PM 01 occurred. Associating the OFCH with Norfloxacin the synergism was evidenced
for SE 01. The OFOA when associated with Amicacina showed synergism for the strains EC
06, SA 10 and SE 01. Also when associated with Oxytetracycline against EC 06 and PM 01,

and when associated with Amoxicillin was synergistic to SE 01.

Antagonistic effects were also observed (Figures 1, 2, 3, 4, 5 and 6). The OFBT was
antagonistic against the EC 06, SE ATCC and SE 01 strains when associated with
Norfloxacin. There were also antagonisms in the association of this oil with Amikacin and
Amoxicillin for PA 24. The OFCH presented antagonism for EC 06, PM 01, SA 10 and SE
ATCC when associated with Norfloxacin. Furthermore, an antagonism was observed against
PA 24 and PM 01 strains when in combination with Amoxicillin, while when in association
with Amikacin an antagonistic effect was observed against PA 24. In the OFOA an
antagonism against EC 06, SA 10, SE ATCC and SE 01 was seen in the association with
Norfloxacin. Moreover, antagonism occurred for PA 24 and PM 01 strains in the association

with Amikacin.

4. Discussion

The data presented in Table 1 demonstrate the fatty acids identified in the OFCH and
OFOA GC-MS were the same. For the OFBT the same fatty acids were identified, with the

exception of heptadecanoic acid. The ratio of saturated to unsaturated fatty acids in the three
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oils was higher than that of saturated fatty acids. Ruminant adipose tissue is considered as rich
in saturated and unsaturated fatty acids (Sinclair et al., 1982; Zapata et al., 2001). Unsaturated
fatty acids such as linolenic acid are considered essential for mammals, as they are necessary
for the synthesis of other fatty acid types and need to be obtained through the animal’s diet
(Favacho, 2009). In other studies which analyzed the antibacterial and modifying activity of
wild animals’ fats, which are considered to be zooterapeutic, the composition of unsaturated
fatty acids presented a greater variety (Cabral et al 2013., Dias et al 2013., Sales et al., 2014).
However, unsaturated fatty acids are acquired through the diet and a great quantity of the
ingested unsaturated fatty acids are hydrogenated in the rumen, this leads to a reduced

unsaturated fatty acid presence in ruminant tissues (Wood et al. 1999; Zapata et al., 2001).

Although the OFBT, OFOA and OFCH did not demonstrate clinically relevant activity
when used in isolation against the strains in this study, the results from the antibiotic activity
modification tests presented a synergistic action for the fixed oils from the three species
analyzed in this study. It is known that fatty acids are capable of inhibiting fungal and
bacterial activity (Nobre et al, 2002; Agoramoorthy et al., 2007, Dias et al., 2013). Previous
studies have argued that several mechanisms may be involved in the fixed oil’s bacterial
growth inhibition process (Saraiva et al., 2011; Dias et al., 2018). This bacterial activity
inhibitory potential may be partly attributed to the inhibitory nature of some constituents in
the fixed oils. These components may establish a greater interaction with the bacterial cell
membrane lipid bilayer, affecting the respiratory chain and energy production as well as
allowing the microorganismal cells to become more permeable to antibiotics. Various
constituents present in the fixed oils can make the cell membranes more permeable, thus
allowing a greater quantity of antibiotics to be introduced into bacterial cells. Enzymatic

action may also be considered as a potential mechanism of action.
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The aforementioned mechanisms of action may be achieved through the association of
antimicrobial drugs with fixed oils at a subinhibitory concentration inserted directly into the
culture medium (Saraiva et al., 2011; Dias et al., 2018). Moreover, different fatty acids and
the percentages they present in relation to other fatty acids may influence a greater or lesser
antibacterial activity over specific strains (Huang et al., 2010). Therefore, the discrete quantity
variations of each of the fatty acids identified may have influenced the synergism variations

that occurred in each of the strains.

Antagonistic effects may occur when fixed oils are associated with antibiotics. In these
studies, an antagonism is attributed to the occurrence of a mutual chelation (Ferreira et al.,
2011; Dias et al., 2018). A similar effect can be attributed to the antagonistic cases observed

in this study using the fixed oils from the species here analyzed.

5. Conclusion

Our data indicate the OFCH, OFOA and OFBT do not possess antibacterial activity,
from the clinical point of view, when tested in isolation against the strains here analyzed.
However, when used at a subinhibitory concentration (MIC/8) in combination with
antibiotics, the OFBT and OFCH showed a synergistic action for the Amikacin, Amoxicillin,
Norfloxacin and Oxytetracycline antibiotics; and the OFOA showed a synergistic activity for

Amikacin, Amoxicillin and Oxytetracycline.

The present study evaluated the effects of the OFOA, OFCH and OFBT in vitro,
therefore, the development of additional in vitro and in vivo studies aiming to demonstrate the
more detailed mechanisms by which fatty acids present in the fixed oils from ruminants

modify the action of antibiotics is encouraged.
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Fig. 1. Modulatory effect of the Bos taurus (OFBT), Capra hircus (OFCH) and Ovis aries
(OFOA) fixed oils in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin and
Oxytetracycline) against the Escherichia coli (EC06) strain.
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Fig. 2. Modulatory effect of the Bos taurus (OFBT), Capra hircus (OFCH) and Ovis aries
(OFOA) fixed oils in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin and
Oxytetracycline) against the Pseudomonas aeruginosa (PA24) strain.
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Fig. 3. Modulatory effect of the Bos taurus (OFBT), Capra hircus (OFCH) and Ovis aries
(OFOA) fixed oils in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin and
Oxytetracycline) against the Proteus mirabilis (PMO1) strain.
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Fig. 4. Modulatory effect of the Bos taurus (OFBT), Capra hircus (OFCH) and Ovis aries
(OFOA) fixed oils in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin and
Oxytetracycline) against the Staphylococcus aureus (SA10) strain.
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Fig. 5. Modulatory effect of the Bos taurus (OFBT), Capra hircus (OFCH) and Ovis aries
(OFOA) fixed oils in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin and
Oxytetracycline) against the Staphylococcus epidermidis ATCC 12228 (SEATTC) strain.
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Fig. 6. Modulatory effect of the Bos taurus (OFBT), Capra hircus (OFCH) and Ovis aries
(OFOA) fixed oils in combination with antibiotics (Amikacin, Amoxicillin, Norfloxacin and
Oxytetracycline) against the multiresistant Staphylococcus epimermidis (SEMRO01) strain.
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Table

Tab. 1. Methyl esters and their equivalent fatty acids from the Bos taurus (Oil I), Capra hircus (Oil 1)
and Ovis aries (Oil I1I) fixed oils identified using gas chromatography coupled to mass spectrometry

(GC-MS).

Methyl esters

Equivalent fatty acids

Oil /% Oil 11/% Oil 111/%

Hexadecanoic acid
methyl ester

9-octadecenoic acid (z)-

methyl ester

9-octadecenoic acid
methyl ester

Octadecanoic acid
methyl ester

Heptadecanoic acid
methyl ester

Palmitic acid

Linoleic acid

Linoleic acid

Stearic acid

Heptadecanoic acid

30.41+0.26 28.08+0.41 28.71+0.40

23.68+0.20 21.19+0.01 20.63+0.07

5.45+0.03  4.03+0.09 4.62+0.56

40.45+0.25 45.04+0.43 43.96+0.26

- 1.66+0.12  2.07%0.15
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8. CONSIDERACOES FINAIS

O uso de zooterapicos na medicina veterinaria em areas rurais da regido do Cariri
cearense, Nordeste do Brasil, é uma prética frequente; sendo notério o vasto conhecimento
associado a essa modalidade de uso da fauna. Analisando as hipGteses que nortearam a
execucdo deste trabalho chegamos as seguintes consideracdes:

As espécies de animais foram indicadas pelos entrevistados para o uso medicinal
ou maégico/religioso em etnoveterinéria. Gallus gallus, Bos taurus e Ovis aries foram as
espécies que apresentaram uma maior frequéncia de citacdo e valor de uso. Em adi¢do, novas
espécies foram registradas pela primeira vez como tendo uso na medicina veterinaria. As
categorias de uso medicinal que apresentaram maior fator de consenso dos informantes foram:
musculoesquelético, inflamatorio e miscelaneas.

Com relacdo a identificacdo dos compostos quimico e investigacdo do efeito
antibacteriano e/ou acdo modificadora de antibidticos; os experimentos conduzidos neste
trabalho doutoral mostram que os Gleos fixos obtidos das gorduras corporais dos animais
domésticos apresentam na sua composi¢do uma predominancia de acidos graxos insaturados
e, que dos compostos quimicos identificados, o &cido oléico (acido 9-octadecandico) foi o
unico que esteve presente na composicao de todos os 6leos.

Os ensaios microbiologicos revelaram que os oOleos fixos, quando testados
isoladamente, ndo apresentam atividade antibacteriana. No entanto, quando associados aos
antibioticos, estes foram eficazes em modificarem a sua acéo.

Por fim, foi demonstrado que levantamentos etnoveterinarios e estudos de
bioprospecc¢do; investigando a eficacia de produtos zooterapicos, contribuem para a criacao de
inventarios de animais usados na medicina veterinaria; ajudam a preservar o conhecimento
etnoveterinario e servem como uma possivel fonte de pesquisa na busca por novos agentes
opoterapicos, que podem ser utilizados na terapéutica de enfermidades associadas a infec¢fes

bacterianas.
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Pesquisa da Universidade Regional do Cariri.

UNIVERSIDADE REGIONAL DO Plataforma
CARIRI - URCA %9'0!'

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Fauna medicinal em comunidades do Cearé: etnoveterinaria e bioprospecgéo
Pesquisador: Didgenes de Queiroz Dias

Area Temitica:

Versdo: 2

CAAE: 48231615.9.0000.5055

Instituigdo Proponente: Universidade Regional do Cariri - URCA

Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 1.322.520

Apresentagao do Projeto:

Este estudo tem por objetivo analisar a composigdo e o uso de animais medicinais na medicina veterinaria
tradicional em comunidades rurais do estado do Ceard, avaliar o contexto sécio-econémico-cultural
associados a tais usos, as implicagées sobre a utilizagdo sustentavel destes recursos, investigar a
Concentrag&o Inibitéria Minima (CIM) dos dleos fixos da gordura corporal de animais domésticos frente a
bactérias e fungos, bem como um possivel efeito modulatério destes 6leos associados a antibiéticos e
antifungicos. Para obtencdo de dados sera utilizado uma combinagdo de métodos qualitativos e
quantitativos. Dentre os métodos qualitativos, destacam-se entrevistas livres, semi-estruturadas, bola de
neve e turné guiadas. Ja os dados quantitalivos serdo desenvolvidos por meio do caicuio do Vaior de Uso
(VU) e pelo Fator de Consenso dos Informantes (FCI). Os dados serdo analisados por meio de uma
abordagem emicista/eticista, na qual os conhecimentos tradicionais serdo comparados com aqueles
correspondentes e/ou correlacionados na literatura cientifica.

Objetivo da Pesquisa:

Inventariar animais utilizados na etnoveterinaria de comunidades rurais do Cearg;

Registrar enfermidades, doengas e injurias de animais domésticos tratados com zooterapicos;

Investigar a percepgéo dos entrevistados quanto as atitudes das populagdes rurais do Ceara em relagéo aos

Enderego: Rua Cel. Antdnio Luiz, n° 1161

Bairro: Pimenta CEP: 63.105-000
UF: CE Municipio: CRATO
Telefone: (88)3102-1212 Fax: (88)3102-1291 E-mail: cep@urca.br

Pagina 01 de 03
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UNIVERSIDADE REGIONAL DO %s:’oeoﬂoo'mo
CARIRI - URCA arsil

Continuagao do Parecer: 1.322.520

impactos e a conservagéo da fauna

Avaliagao dos Riscos e Beneficios:

havera risco minimos.

Os beneficios esperados com o estudo sdo no sentido de valorizagdo, manuteng&o do conhecimento
tradicional sobre as varias formas de uso da

fauna que a partir desses dados possam subsidiar estratégias de uso sustentavel, permitindo que as
populacdes detentoras desse conhecimento

possam continuar a exercer suas atividades.

Comentarios e Consideragdes sobre a Pesquisa:
Pesquisa com relevancia para a comunidade académica e também para a preservagéo do conhecimento
popular que pode ser utilizado pela ciéncia.

Consideragdes sobre os Termos de apresentagao obrigatéria:
Apresenta os termos obrigatorios

Conclusdes ou Pendéncias e Lista de Inadequacdes:
Apresenta as exigéncias anteriormente indicadas.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagéo
Informagdes Basicas| PB_INFORMAGCOES_BASICAS_DO_P | 07/10/2015 Aceito
do Projeto ROJETO 570080.pdf 13:19:29
Cronograma Anteprojeto_cronograma.docx 07/10/2015 | Diégenes de Queiroz| Aceito
13:18:41 _[Dias

Outros Questionario etnoveterinario.docx 13/08/2015 Aceito
13:24:38

Outros termo de fiel depositorio.doc 13/08/2015 Aceito
13:23:53

TCLE/Termosde | TERMO DE CONSENTIMENTO LIVRE | 13/08/2015 Aceito

Assentimento / E ESCLARECIDO - Diégenes.docx 13:22:24

Justificativa de

Auséncia

Projeto Detalhado / |MODELO DE PROJETO PARA 13/08/2015 Aceito

Brochura APRESENTACAOQO AO CEP.doc 13:21:40

Enderego: Rua Cel. Antdnio Luiz, n° 1161

Bairro: Pimenta CEP: 63.105-000

UF: CE Municipio: CRATO

Telefone: (88)3102-1212 Fax: (88)3102-1291 E-mail: cep@urca.br
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CARIRI - URCA
Continuagao do Parecer. 1.322.520

Investigador MODELO DE PROJETO PARA 13/08/2015 Aceito

APRESENTACAQO AO CEP.doc 13:21:40
Folha de Rosto FolhaDeRosto.pdf 13/08/2015 Aceito

13:20:22
Situagao do Parecer:
Aprovado
Necessita Apreciacdo da CONEP:
Néo
015

CRATO, }3 de Nove

b eu A

04 Assinadeor':Z
Geotrge Pimentel Ferhandes

{Coordenador)

Enderego: Rua Cel. Anténio Luiz, n® 1161

Bairro: Pimenta
UF: CE

CEP: 63.105-000

Municipio: CRATO

Telefone: (88)3102-1212 Fax: (88)3102-1291

E-mail:

cep@urca.br
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ANEXO 5 — Parecer com aprovagéo da pesquisa pela Comisséo de Experimentacao e Uso de
Animais da Universidade Regional do Cariri.

UNIVERSIDADE REGIONAL DO CARIRI - URCA .
PRO-REITORIA DE POS-GRADUAGAO E PESQUISA -
COMISSAO DE EXPERIMENTAGAO E USO DE ANIMAIS
Rua Cel. Antonio Luis 1161, Pimenta
Fones: (088) 3102.1291 / Fax: (088) 3102.1291
CEP 63105-000 - Crato - CE - Brasil
propg@urca.br - www.urca.br/ceua

DECLARAGAO

Declaro para os devidos fins que o projeto intitulado “Fauna medicinal em
comunidades rurais do Ceara: etnoveterinaria e bioprospecgdo” Processo No
0300/2015.1 foi APROVADO pela Comiss&o de experimentagdo e Uso de Animais —

CEUA/URCA. Protocolo.

Marta Regina Kerntopf
Vice-presidente do CEUA/URCA

CRATO-CE
2015
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ANEXO 6 — Parecer com a autorizacdo da pesquisa pelo Sistema de Autorizacdo e
Informacéo em Biodiversidade (SISBIO) do Instituto Chico Mendes de Conservacgédo da
Biodiversidade (ICMBIO).

Y % SISBIO - ICMBio X

< C | & Seguro | https:/sisbio.sisicmbio.icmbio.gov.br/sisbio/solicitacao/solicitacaoPesquisa

3
Inic Sist Pesquisador: Didgenes de Queiroz Dias
L i Perfil: Pesquisador

Pesquisador Solicitagao Relatorio de atividades

Minhas Solicitagoes

Vocé pode filtrar os resultados da tabela, se necessario

Ne = Titulo

63199 FAUNA MEDICINAL EM COMUNIDADES RURAIS DO CEARA: ETNOVETERINARIA E BIOPROSPECGAQ

Tipo da Solicitagao

Autorizacdo para atividades com finalidade
cientifica

§ §

-

Nova Solicitacao

Q Filtrar Resultados

Registros por pagina| 10

Situagdo

Documento concedido

Agoes

s

i

[+]
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ANEXO 7 — Parecer com a autorizagdo da pesquisa pelo Sistema Nacional de Gestéo do
Patrimdnio Genético e do Conhecimento Tradicional Associado (SISGEN) do Ministério do
Meio Ambiente (MMA).

Ministério do Meio Ambiente
CONSELHO DE GESTAO DO PATRIMONIO GENETICO
SISTEMA NACIONAL DE GESTAO DO PATRIMONIO GENETICO E DO CONHECIMENTO TRADICIONAL ASSOCIADO
Comprovante de Cadastro de Acesso

Cadastro n2 AO4C3E3

A atividade de acesso ao Patriménio Genético/CTA, nos termos abaixo resumida, foi cadastrada no SisGen, em
atendimento ao previsto na Lei n® 13.123/2015 e seus regulamentos.

Numero do cadastro: A04C3E3

Usuério: Diégenes de Queiroz Dias
CPF/CNPJ: 500.351.003-97

Objeto do Acesso: Patriménio Genético/CTA
Finalidade do Acesso: Pesquisa

Espécie

Gallus gallus
tecido adiposo
Fonte do CTA

CTA de origem ndao identificavel

Titulo da Atividade: FAUNA MEDICINAL EM COMUNIDADES RURAIS DO CEARA:
ETNOVETERINARIA E BIOPROSPECGAO

Equipe

Di6genes de Queiroz Dias URCA

Parceiras Nacionais
06.740.864/0001-26 / Universidade Regional do Cariri (URCA)

Data do Cadastro: 11/06/2018 13:48:28 E 3 E

Situacéo do Cadastro: Concluido " %

Conselho de Gestéo do Patrimdnio Genético
Situacgéo cadastral conforme consulta ao SisGen em 20:00 de 20/12/2018.

YA/ SISTEMA NACIONAL DE GESTAO
DO PATRIMONIO GENETICO
W E DO CONHECIMENTO TRADICIONAL
IANIAN ASSOCIADO - SISGEN
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ANEXO 8 — Declaragéo de doacao das gorduras de Gallus gallus e Meleagris
gallopavo.

DECLARACAQ

Eu, José Adriano Sampaio, CPF: UOJ ?‘?0 20; J,Z proprietario do
Abatedouro Adriano do Frango, lecalizado aKueal’ 7. 08 7, Bairo Viia Santa Terezinha,
Barbalha — Ceara, declaro que cedemos Skg de gosduia de Frango (Gallus gallus
domesticus Linnacus, 1758) ¢ 5kg de gordura de Peru (Meleagiis gallopavo Linnagus.
1758) para o projeto de tese de Di6genes de Queiroz Dias, & do curso de doutoracto
em Etnobiologia e Conservagdo da Natureza, da Universidade Federal Rural de
Pernambuco (UFRPE). O Abate dos animais foram reatizados através de eletronarcose
seguida de exsanguinagao.

Puubalh'l 06 de Agoste de 2013

José Adriano Sampaio
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ANEXO 9 - Declaracao de doacgéo das gorduras de Bos taurus, Ovies aries,
Capra hircus e Sus scrofa.

DECLARACAO

Eu, Anténio Robério Cruz Ribeiro, Médico Veterinario, CRMV 1332-CE, CPF
21451915349, responsavel pelo Abatedouro Municipal de Barbalha — Ceara, declaro para os
devidos fins que o abatedouro Municipal da Cidade de Barbalha- Cearé. cedeu 5kg de gordura de
origem caprina , 5kg de gordura de origem ovina, Skg de gordura de origem suina, Skg de gordura
bovina, para o projeto tese de Didgenes de Queiroz Dias (RG:8904001001810 e CPF:
50035100397), aluno do curso de Doutorado em Etnobiologia e Conservagdo da Natureza da
Universidade Rural de Pernambuco (UFRPE).

Barbalha, 04 de Agosto de 2015

Ox. Ant® Robéno C. Ribeko
MEDICO VETERINARIO
CRM 1332

il e Coy Phoo

Antonio Robério Cruz Ribeiro




