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RESUMO

Nas Ultimas décadas tem-se verificado avangos significativos envolvendo estudos
fitoquimicos e farmacoldgicos de plantas medicinais visando obter novos compostos com
propriedades terapéuticas. A palma forrageira, Opuntia ficus indica (Cactaceae), € rica em
hidratos de carbono complexos (fibras solGveis, mucilagens, celulose) polifenois (em
particular flavanoides, como quercetina e kaempferol), carotenoides, vitaminas C e E entre
outros, fazendo com que esta planta apresente vérias propriedades terapéuticas. O presente
trabalho teve como objetivo detectar compostos fendlicos, avaliar a atividade antimicrobiana
e antioxidante, como também a toxicidade aguda em ratos Wistar da mucilagem de cladddios
de Opuntia ficus indica. A principio foi realizada dosagem de compostos fenodlicos (polifendis
e flavonoides). A atividade antimicrobiana foi realizada pelo método de microdiluicdo em
placa de 96 pocos para determinar a CMI (concentragdo minima inibitéria) e CMB/CMF
(concentracdo minima bactericida ou fungicida), os seguintes micro-organismos foram
utilizados: Staphylococcus aureus (ATCC6538); Micrococcus luteus (ATCC2225); Bacillus
subtilis (UFPEDA-16); Pseudomonas aeruginosa (UFPEDA-39); Mycobacterium smegmatis
(UFPEDA-71); Enterococcus faecalis (ATCC6057); Escherichia coli (ATCC25922); Serratia
sp (UFPEDA-398); Candida albicans (UFPEDA-1007); Staphylococcus aureus (CI, 731-
UFPEDA, Secre¢do de ferida-HC, ORSA), Pseudomonas aeruginosa (CIl, 736-UFPEDA,
Secrecdo de ferida -HC), Enterobacter aerogenes (CI, 739-UFPEDA, Secre¢do de ferida -
HC), o extrato foi testado com concentragdes entre 2000 a 3,9 ug/ml. A atividade antioxidante
foi detectada pelo método ABTS, DPPH e capacidade antioxidante total. A toxicidade letal foi
estimada usando Artemia salina e para a determinagédo da toxicidade aguda (in vivo) foram
utilizados ratos Wistar, machos, que receberam por via oral a dose Unica de 2000 mg/kg da
mucilagem de palma forrageira e foram avaliados por um periodo de 14 dias. Os resultados
demonstraram que o contetdo de polifendis foi de 64,9 + 0,6 ug/ml e flavonoides 31,8 + 0,4
ug/ml. Resultados significativos foram encontrados para a atividade antioxidante: a
percentagem de inibicdo ABTS foi 98,40 £ 0,40% apds 120 min, equivalentes ao TEAC de
2.173,30 £ 8,80 uM Trolox, percentagem de inibicdo da formacdo de radicais DPPH foi 64,03
+ 7,8% e capacidade antioxidante total foi 48,42 + 0,3% equivalente ao &cido ascérbico e 67,2
*+ 0,4% equivalente ao acido galico. A mucilagem de palma forrageira mostrou atividade
antimicrobiana contra: Micrococcus luteus (CMI= 1000 pg/ml e CMB= 2000 pg/ml),
Mycobacterium smegmatis (CMI= 500 pg/ml e CMB= 2000pg/ml); Pseudomonas aeruginosa
e Pseudomonas aeruginosa — IC ambas exibiram CMI de 2000 pg/ml e ndo apresentaram
CMB. A mucilagem também foi ativa contra Candida albicans (CMI= 1000 pg/ml e CMF=
2000ug/ml). A toxicidade letal (CLsp) para Artemia salina foi 584,11 pg/ml. No teste de
toxicidade aguda in vivo ndo mostrou sinais de intoxicagdo e nem alteragdes fisiologicas, com
DLso (dose letal mediana) estimada maior que 2000 mg/kg (classe GHS 5 da OECD). A partir
dos resultados obtidos, concluiu-se que a planta estudada é uma potencial fonte de compostos
bioativos, sendo promissores em estudos visando a obtencdo de novos agentes
antimicrobianos e antioxidantes naturais com baixa toxicidade.

Palavras-chave: Opuntia ficus indica; atividade antioxidante; atividade antimicrobiana;
toxicidade aguda.



ABSTRACT

In recent decades there has been significant progress involving pharmacological and
phytochemical studies of medicinal plants in order to obtain new compounds with therapeutic
properties. The fodder palm, Opuntia ficus indica (Cactaceae), is rich in complex
carbohydrates (soluble fiber, mucilage, cellulose) polyphenols (particularly flavonoids, such
as quercetin and kaempferol), carotenoids, vitamins C and E among others, making this plant
present various therapeutic properties. This study aimed to detect phenolic compounds,
evaluate the antimicrobial and antioxidant activities, as well as acute toxicity of the Opuntia
ficus indica cladodes mucilage in Wistar rats. Firstly, it was held dosage of phenolic
compounds (polyphenols and flavonoids). The antimicrobial activity was performed using the
microdilution method in 96-well plate to determine the MIC (minimum inhibitory
concentration) and MBC/MFC (minimum bactericidal or fungicidal concentration), the
following microorganisms were used: Staphylococcus aureus (ATCC6538); Micrococcus
luteus (ATCC2225); Bacillus subtilis (UFPEDA-16); Pseudomonas aeruginosa (UFPEDA-
39); Mycobacterium smegmatis (UFPEDA-71); Enterococcus faecalis (ATCC6057);
Escherichia coli (ATCC25922); Serratia sp (UFPEDA-398); Candida albicans (UFPEDA-
1007); Staphylococcus aureus (Cl, 731-UFPEDA, Wound secrecion-HC, ORSA),
Pseudomonas aeruginosa (CI, 736-UFPEDA, Wound secrecion -HC), Enterobacter
aerogenes (CI, 739-UFPEDA, Wound secrecion -HC), the extract was tested at
concentrations between 2000 to 3.9 pg/ml. Antioxidant activity was detected by the method
ABTS, DPPH and total antioxidant capacity. Lethal toxicity was estimated using Artemia
salina and to determine the acute toxicity (in vivo) were used male Wistar rats that were orally
administered a single dose of 2000 mg/kg of fodder palm mucilage and were evaluated for a
period 14 days. The results showed that the polyphenol content was 64.9 + 0.6 pg/ml and
flavonoids 31.8 + 0.4 pg/ml. Significant results were found for the antioxidant activity:
percent inhibition ABTS was 98.40 + 0.40% after 120 min, equivalent to TEAC 2173.30 +
8.80 uM Trolox, percentage of inhibition of DPPH was 64.03 + 7.8% and total antioxidant
capacity was 48.42 + 0.3% equivalent to ascorbic acid and 67.2 + 0.4% equivalent to gallic
acid. The fodder palm mucilage showed antimicrobial activity against: Micrococcus luteus
(MIC = 1000 pg/ml and MBC = 2000 pg/ml) Mycobacterium smegmatis (MIC = 500 pg/ml
and MBC = 2000 pg/ml); Pseudomonas aeruginosa and Pseudomonas aeruginosa - 1C
exhibited both MIC 2000 pg/ml and not paresentaram MBC. The mucilage was also active
against Candida albicans (MIC = 1000 pg/ml and MFC = 2000 pg/ml). The lethal toxicity
(LCso) for Artemia salina was 584.11 pg/mL. In the in vivo acute toxicity test showed no
signs of intoxication nor physiological alterations, with LDs, (median lethal dose) estimated
greater than 2000 mg/kg (class 5 GHS the OECD). From the results, it was concluded that the
plant studied is a potential source of bioactive compounds, with promising studies in order to
obtain new antimicrobial agents and natural antioxidants with low toxicity.

Word Keys: Opuntia ficus indica, antioxidant activity, antimicrobial activity; acute toxicity.
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1. INTRODUCAO

O uso de plantas no tratamento e na cura de enfermidades é tdo antigo quanto a espécie
humana (TAKAMURA, 2008). O Brasil possui uma grande diversidade vegetal, contando com
aproximadamente 35 mil espécies distribuida em seus biomas (FORZZA et al., 2013), porém
apenas 17% delas sdo exploradas para pesquisas de compostos biologicamente ativos (POLITI;
PIETRO; MOREIRA, 2009; RODRIGUES et al., 2013).

Os fitoterapicos podem atuar como forma opcional de terapéutica, levando em
consideracdo o0 menor custo, cujos beneficios adicionam-se aos da terapia convencional. Para
tanto sdo necessarios maiores investimentos para estudos cientificos nessa area, de maneira a
levar a comprovacdo da eficicia dessas espécies, garantindo a seguranca na aplicacdo por
parte dos profissionais de saide (BORGES et al., 2008).

A utilizacdo de produtos de origem vegetal é crescente em todo o mundo,
principalmente devido aos problemas que sdo atribuidos aos produtos sintéticos que
ocasionam danos tanto para a salude quanto para o meio ambiente (MACHADO;
FERNANDES JUNIOR, 2011). Em comprovacéo a isso, estudos relatam que dos 520 novos
medicamentos aprovados entre 1983 e 2010; 39% eram produtos naturais ou derivados de
produtos naturais (NEWMAN; CRAGG, 2010).

Uma vez que as plantas medicinais produzem uma variedade de substancias com
propriedades antimicrobianas, é esperado que estudos de fitoquimica e isolamento possam
indicar compostos candidatos para o desenvolvimento de novos antibioticos (DUARTE,
2006).

Atualmente, diversas pesquisas de extratos vegetais com acdo antibacteriana tem-se
apresentado como uma alternativa para o combate dos micro-organismos, devido a resisténcia
destes as multiplas drogas, dessa maneira tem se realizado buscas continuas de novos
produtos antibacterianos que sejam eficazes e econémicos para combater infecgdes por micro-
organismos patogénicos (PALMEIRA et al., 2010). As plantas com maior atividade
antimicrobiana e antioxidante sdo aquelas ricas em polifendis, flavonoides e taninos
(DOUGHARI; EL-MAHMOOD; TYOYINA, 2008).

Antimicrobianos de origem vegetal apresentam enorme potencial terapéutico, sendo
eficazes para o tratamento de doengas infecciosas, a0 mesmo tempo em que minimizam
muitos dos efeitos colaterais que séo frequentemente associados com agentes antimicrobianos
sintéticos (RAVISHANKAR et al., 2012, CAILI; HUAN; QUANHONG, 2006; AL-BAKRI;
AFIFI, 2007).
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Neste contexto, pesquisas direcionadas a investigar os compostos quimicos e avaliar o
potencial antimicrobiano e antioxidante de plantas medicinais tornam-se oportuno,
principalmente pelo grande nimero de pessoas com doencas associadas com a acdo de
radicais livres e doencas infecciosas causadas por micro-organismos (UCHOA, 2014).

Ainda que evidenciada a atividade biologica dos fitoterapicos por comunidades,
fazem-se necessarios maiores estudos sobre a sua atividade tdxica e medicinal, para que deste
modo, seja possivel a elaboracdo e o desenvolvimento de novas drogas produzidas por meio
dos produtos naturais, bem como, o seu consumo de forma segura pela populagédo
(GONCALVES, 2014).

A Opuntia ficus indica (L.) Mill., conhecida popularmente no Brasil como palma
forrageira, € uma cactacea originaria das regides aridas Mexicanas que esta disseminada na
América do Sul e Central, Austrélia, Africa do Sul e em toda a Regi&o Mediterranea (Leo et
al., 2010). Os principais constituintes dos cladodios de Opuntia ficus indica sdo carboidratos
complexos (por exemplo, fibra solavel, celulose, mucilagem) (TROMBETTA et al., 2006) e a
presenca de &cidos urénicos (RIBEIRO et al., 2010). Presente também em sua composi¢ao
polifendis (em particular alguns flavonoides, como a quercetina, kaempferol, taxifolina
(STINTZING; CARLE, 2005). Ainda tem algumas classes de lipideos (acidos graxos e
esterois), glutationa, vitaminas C e E, carotendides (PANICO et al., 2007) e minerais
(MALAININE et al., 2003).

A palma € considerada um alimento importante em varios paises, especialmente os
localizados na América do Sul, no Mediterraneo e Africa do Sul. Com uso de plantas na
manipulacdo de fitoterdpicos, o Brasil teria muitas vantagens, como a reducdo da importacdo
de medicamentos, fomentando assim, a autossuficiéncia e fornecendo a populagdo um maior
namero de medicamentos e uma maior valorizacao das tradi¢cdes populares.

Considerando que de acordo com a literatura, Opuntia ficus indica é rica em
flavonoides e que estes metabolitos secundarios estédo envolvidos em diversas fun¢des como:
protecdo contra a incidéncia de raios ultravioleta, protecdo contra micro-organismos
patogénicos, acdo antioxidante e inibicdo enzimatica (Machado et al., 2008); este trabalho
objetivou avaliar o potencial antimicrobiano e antioxidante, como também, verificar possiveis

efeitos toxicos da mucilagem de palma forrageira em ratos machos Wistar.
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2. FUNDAMENTACAO TEORICA

2.1. Opuntia ficus indica (L.) Mill

2.1.1 Origem, habitat e distribuicdo geografica

A Opuntia ficus indica pertence a familia das cactaceas que compreende cerca de 200-
300 espécies, originaria da regido central do México, pais que apresenta a maior diversidade
de cactos do mundo (MENEZES; SIMOES; SAMPAIO, 2005; SAENZ, C et al., 2006;
LOPEZ; ITA; VACA, 2009). Desde o periodo pré-hispanico a Opuntia spp. é utilizada pelos
mexicanos havendo sua intensa comercializacdo durante o periodo asteca, 0 que tornou esse
vegetal destaque na economia agricola (BETANCOURT- DOMINGUEZ et al., 2006). E
cultivada em mais de 30 paises nos dois hemisférios e em todos os continentes, exceto na
Antértida (INGLESE; BASILE; SCHIRRA, 2002), encontrando-se amplamente distribuida
pela América Central, America do Sul, Australia, Africa do Sul (LEO et al., 2010) e paises
mediterraneos (ROGER, 2008).

E uma planta tropical ou subtropical que cresce de forma selvagem em regides aridas e
semiéaridas de todo o mundo (ENNOURI et al., 2006), devido ao fato de possuir mecanismos
adaptativos especiais e elevada capacidade de producao de biomassa (GALATI et al., 2001), o
que lhe permite crescer em condi¢bes adversas, tais como altas temperaturas, solos
nutricionalmente pobres e terrenos secos e pedregosos (BARBERA; INGLESE ; PIMIENTA,
1999).

No Brasil a palma foi introduzida, provavelmente, durante o periodo da colonizacao,
destinada a criagdo da cochonilha (pequeno inseto, Dactylopius coccus, do qual € extraido o
corante carmin) com o objetivo de se produzir um corante natural, o carmim, para ser
empregado por industrias téxteis em alguns Estados do Nordeste. Mais tarde, com o
langcamento intensivo no mercado de corantes sintéticos derivados do petroleo, o processo de
producdo do carmim foi inviabilizado, levando ao abandono dessa atividade. Assim, as
espeécies introduzidas passaram a ser vistas como plantas ornamentais e somente por volta de
1915, é que a palma veio a ser utilizada como forragem, despertando o interesse de criadores
gue passaram a cultiva-la para este fim (ALBUQUERQUE; SANTOS, 2005).

No Nordeste do Brasil podem ser encontrados trés tipos diferentes de palma: a)

gigante - da espécie Opuntia ficus indica; b) redonda — (Opuntia sp); e ¢) miuda - (Nopalea


https://pt.wikipedia.org/wiki/Inseto
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cochenilifera). Sao espécies que ndo toleram umidade excessiva e em solos profundos
apresentam extraordinaria capacidade de extracdo de 4gua do solo, a ponto de possuir cerca de
90-93% de umidade, o0 que torna importantissima para a regido do poligono das secas, que
compreendem os Estados: Alagoas, Bahia, Ceara, Minas Gerais, Paraiba, Pernambuco, Piaui,
Rio Grande do Norte e Sergipe (SILVA; SANTOS, 2006).

2.1.2 Morfologia, fisiologia e composic¢ao quimica

Opuntia ficus indica (Figura 1) pertence ao reino Plantae, a divisdo Magnoliophyta, a
classe Magnoliopsida, a ordem Caryophyllales, a familia Cactacea, a subfamilia Opuntioideae
e 0 género Opuntia (ALVES, J., 2011).

E popularmente designada por figueira-da-india, nopalera, tuna, figueira de mor,
indiapico (ALVES et al., 2008), figueira-do-diabo, figueira-do-inferno, palma forrageira,
palma (PLANTAMED, 2010), entre outros.

Figura 1. Plantacdo de Opuntia ficus indica em Caruaru — PE.

T R L T TS

Fonte: SANTOS, M., 2013

Os espécimes da Opuntia ficus indica apresentam plantas de arbustivas a
arborescentes com aproximadamente 1,7 m de altura, com um talo primario lignificado, bem
definido. O sistema radicular é superficial, com uma raiz principal, que em condicdes
favoraveis de umidade, se concentra em torno de 30 cm de profundidade, enquanto que, em
condicdes de seca desenvolvem ramificacdes horizontais que se aprofundam para absorver
agua em niveis mais baixos (ALBUQUERQUE; SANTOS, 2005).
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A parte aérea da planta é formada por segmentos denominados de cladddios,
vulgarmente conhecido como broto ou verdura, que possui aparéncia de folhas carnudas,
sendo, no entanto, caules modificados que estdo articulados uns nos outros. Sdo usualmente
elipticos, porém podem ser também obovados, ovulados, circulares, etc. Os espinhos
geralmente estdo ausentes, porém podem aparecer poucos cladédios com um espinho,
geralmente acicular, fundida e branca de 4-7 mm de comprimento (REYES-AGUERO et al.,
2005; CHAVES.,, et. al. 2008). Os brotos jovens possuem cor variando de verde-escuro a verde-
claro, que com o passar do tempo, tornam-se esbranquicados ou acinzentados, devido a
lignificacdo dos mesmos, transformando-se em verdadeiros caules lenhosos (SAENZ, 2006).

As flores (Figura 2) séo de habito diurno, grandes, com 7-8 cm de didmetro, podem ser
amarelas ou alaranjadas, o pericarpo é 2-2,5 vezes mais comprido do que o perianto,
desenvolvendo-se na parte superior dos cladédios com um ou dois anos (REYES-AGUERO et
al., 2005; SCHEINVAR, 2001).

Figura 2. Flor da palma forrageira.

Fonte: ANDERSON, 2001

O fruto (Figura 3), designado comumente por figo da india é doce, carnudo, suculento,
de forma ovoide, globosa, cilindrica e umbilicada no extremo superior. E provido de um
pericarpo duro, no qual se encontram pequenos espinhos de celulose. O seu comprimento

varia de 4,8-10,0 cm a sua largura de 4-8 cm e 0 seu peso entre 100 e 200 g. As sementes s&o



24

lenticuladas a amplamente elipsoidal, com 188-335 por fruto (ALVES et al,. 2008; REYES-
AGUERO et al., 2005).

Figura 3. Diversos frutos da palma forrageira

Fonte: ANDERSON, 2001

As diferentes partes da planta Opuntia ficus indica possuem variadas propriedades que
tém suscitado o interesse por parte dos investigadores e, por isso, tém sido realizados varios
estudos com o intuito de conhecer melhor a sua composicdo quimica e consequentes
propriedades farmacoldgicas que lhe conferem o seu potencial biolégico. Das espécies
pertencentes ao género Opuntia, a planta Opuntia ficus indica € uma das mais investigadas
(ALVES et al., 2008).0s cladddios sdo um dos elementos da planta Opuntia ficus indica mais
utilizados em proveito das suas propriedades benéficas para a saide humana (PEREZ -
CACHO et al., 2006).

Os principais constituintes dos cladddios de Opuntia ficus indica sdo hidratos de
carbono complexos (ex: fibras soltveis, celulose, mucilagem) (TROMBETTA et al., 2006).
Também apresentam na sua constituicdo glicoproteinas (SCHAFFER; NANNEY, 1996),
compostos aromaticos (particularmente pigmentos como as betacianinas e betaxantinas),
polifendis (em particular alguns flavonoides, tais como quercetina, Caempferol, taxifolina
(STINTZING; CARLE, 2005) e proantocianidinas (CUNHA; SILVA; ROQUE, 2003).
Possuem, ainda, algumas classes de lipidos (esterdis e acidos graxos), glutationa, vitaminas
(ex: a vitamina C e E), carotendides (PANICO et al., 2007) e minerais (MALAININE et al.,
2003).

A verdura (cladddio) de palma forrageira se compde principalmente de agua (92%) e
carboidratos, incluindo fibra (4-6%), alguma proteina (1-2%) e minerais, sobretudo célcio

(1%). Também contém quantidades moderadas de vitamina C (10-15 mg/100 g) e o precursor
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da vitamina A, o B-caroteno (30 ug/100 g de carotenoides) (FEITOSA-TELES et al., 1984;
RODRIGUEZ-FELIX; CANTWELL, 1988). Como os teores de carotendides e vitamina C
estdo entre os da alface e do espinafre, a contribuicdo da verdura de palma forrageira a dieta
pode ser significativa, sobretudo em zonas aridas. O perfil de aminoacidos da proteina da
verdura de palma forrageira é semelhante ao de outras verduras (FEITOSA-TELES et al.,
1984).

O fruto é constituido por agua (84,2% expresso em fruto fresco), proteinas (0,99%),
hidratos de carbono (0,24%), fibras (3,16%), vitamina C (22,56%). Foram também
encontrados &cidos organicos como o0 &cido citrico e 0 acido malico. Normalmente o pH do
fruto varia entre os 5,3 e 7,1. (ALVES et al., 2008). Os frutos sdo também uma fonte
importante de fitoquimicos como os flavonoides (isoramnetina -3-O- rutinésido e
isoramnetina-3-O-glucdsido e derivados de quercetina) e betalainas (STINTZING; CARLE,
2005; GINESTRA et al., 2009).

Apesar dos estudos efetuados acerca desta planta, ndo existe muita informacao sobre a
flor, sabe-se que tem na sua composicdo derivados de isoramnetina, canferol, luteolina e

quercetina. Foram ja também isolados B-sitosterol e acidos graxos (ALIMIA et al., 2011).

2.1.3 Principais usos

Os cactos do género Opuntia spp. sdo usados na medicina tradicional, sendo
considerados uma boa fonte de nutrientes de origem vegetal que pode melhorar a nutricdo e
salde humana (STINTZING; CARLE, 2005). Sdo usados como fonte de alimento pelos
nativos da América ha milhares de anos (PEREZ - CACHO et al., 2006).

A palma forrageira é largamente usada em todo o mundo e vem se mostrando uma
planta bastante versatil (Tabela 1). Os principais produtores desta planta sdo paises como a
Italia, Israel, Chile, Estados Unidos, México e Colombia. Destes, 0 México é o pais com
maior variabilidade genética desta planta, maior area cultivada e maior consumo de frutos
(GARCIA; SILVA, 2005).

No Norte da Africa, a planta Opuntia ficus indica é usada contra a erosdo do solo em
zonas aridas e como substituto de forragem durante as secas (MALAININE, 2003).

Na Argentina, é famoso o0 uso do suco baboso dos cladodios da palma forrageira, que
tradicionalmente vem sendo usado para que as pinturas brancas a base de cal se tornem mais
viscosas e aderentes (SEBRAE/PB, 2001).
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No Brasil destaca-se o cultivo para a producdo de forragem destinada a bovinos e
caprinos (VERAS et al., 2002; COSTA et al., 2009; e MATTQOS, 2009), sobretudo na regiéo

Nordeste, em especial nos estados da Bahia, Alagoas e Pernambuco, onde estima-se

existirem, aproximadamente 500 mil hectares cultivados (SANTOS et al., 2006).

A espécie Opuntia ficus indica é, também, conhecida pelas suas propriedades

terapéuticas. De acordo com a medicina popular Mexicana, 0 consumo dos cladodios pode

atenuar certas doencas, tais como, distarbios gastrointestinais, diabetes mellitus,

hiperlipidemia e obesidade (GARCIA et al., 2004).

Tabela 1: Usos e aplicacOes potenciais da palma forrageira.

Utilizagéo Partes da planta

Alimentagdo animal: Forragem em pastejo ou cocho. Cladodios, frutos e
sementes.

Alimentacdo humana: Frutos e cascas dos frutos, suco, polpa, licores, vinhos, Cladédios, frutos e

doces, geleias, purés, compotas, marmeladas, adogante liquido, dleo sementes.

comestivel das sementes, saladas, bolos, iogurte, usado com verdura em

diversas preparagdes (cladddios).

Energia: etanol, biogés e lenha. Cladodios e frutos

Agricola: Protecdo e conservagdo dos solos, Construgdo de cercas-vivas ou Cladodios

barreiras, matéria organica.

Medicinal: Diarreias (cladodios), Diurético (flores e raizes), Disenteria Cladddios, flores, raizes.

amebiana  (flores), Hiperlipidemia (cladddios), Obesidade (fibras),
Antiinflamatério (cladddio), Cicatrizante (cladddios), Diabetes mellitus
(cladoddios), Cataplasmas na pele irritada ou ferida, Para melhorar a fungéo
renal (flores).

Cosmética: Xampu, Creme umectante, Sabonetes, Adstringente, Locdes para Cladédios
0 corpo.
Outros: Planta ornamental, adesivos, cola, pectinas, fibras, papel, Cladddios, frutos

antitranspirante, corante, mucilagem, Trabalhos de oferendas, homenagear
divindades (cultura Santeria), amuletos contra “mau olhado”, fonte de agua,
corantes (frutos), controle de pragas como cupins (lectina dos cladédios),
Usado tradicionalmente para que as pinturas brancas a base de cal se tornem
mais pegajosas e aderentes.

Adaptado de Barbera (2001 apud SANTOS, M., 2013)

Os cladddios de Opuntia ficus indica sdo utilizados em casos de blefarites,

conjuntivites, psoriase, eczemas, edema, dores musculares, afec¢des cutaneas e no controle da
diabetes (CUNHA,; SILVA; ROQUE, 2003) e para usufruir da sua atividade cicatrizante,
antiulcerosa e anti-inflamatéria (GALATI et al., 2001), nas inflamagdes dos aparelhos

respiratdrio (em situacGes de tosse irritativa sob a forma de xarope) e digestivo (ex. sindrome

do cdlon irritavel). Além disso, sdo utilizados no combate a fadiga, na diminuicdo da pressao
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arterial e dos niveis séricos de colesterol e para atuar nas dores reumaticas, nos problemas de
figado e na fragilidade capilar (AGOZZINO et al., 2005).

No que diz respeito ao uso externo dos cladodios da planta Opuntia ficus indica estes
sdo habitualmente utilizados em cataplasmas, sendo aplicados a quente diretamente na pele
irritada ou ferida, tendo cuidado para ndo queimar (CUNHA; SILVA; ROQUE, 2003;
CHAVES, 2008).

A grande diversidade de usos e aplicacdes da palma forrageira revela a versatilidade
dessa espécie vegetal, que apesar de ser cultivada no semiarido paraibano para alimentacédo
animal, ndo tem sua potencialidade explorada plenamente. Em consequéncia, vém sendo
desperdicadas excelentes oportunidades para melhoria dos indices sociais e econémicos desse
espaco geografico, mediante a geracdo de postos de trabalho, renda, oferta de alimentos e
preservacdo ambiental (CHIACCHIO; MESQUITA; SANTQOS, 2006).

A ampla faixa de possibilidades de obtencdo de produtos e subprodutos da palma
forrageira cria novas oportunidades para as regides semiaridas. Nao obstante, muitos aspectos
relacionados ao processamento da palma forrageira devem ser pesquisados mais
profundamente. Sob esse aspecto, trata-se de uma cultura velha e nova ao mesmo tempo, com
muitas possibilidades de contribuir para a alimentacdo humana, medicina e outros campos,
principalmente no caso dos habitantes de baixa renda em vérias partes do mundo
(SEBRAE/PB, 2001).

2.1.4 Palma forrageira na alimentagdo humana

Desde o periodo pré-hispanico que a palma forrageira é utilizada pelo homem no
México, juntamente com o milho e a agave, consideradas as especies vegetais mais antigas
cultivadas no territério mexicano (REINOLDS; ARIAS, 2004). No México existe 0 consumo
intensivo de brotos da palma por diversas familias, o que caracteriza um habito alimentar
dessa populacdo. Na América Latina sdo frequentemente consumidos, como preparacdes
culinarias, os brotos da palma ou cladodios, denominados de verduras e o fruto da palma, in
natura ou processado (REINOLDS; ARIAS, 2001). JA no mercado Europeu e Norte-
Americano somente os frutos frescos séo mais difundidos (FEUGANG et al., 2006). No
mundo, o0 uso de broto palma ou verdura, basicamente, € restrito ao México e outros paises
com influéncia mexicana (FLORES VALDEZ, 2001), onde existem mais de 200 receitas de
comidas a base de palma forrageira (GUEDES et al., 2004).
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Nos EUA e alguns paises europeus e asidticos, a verdura participa de receitas
culinérias, consumidas esporadicamente como alimento exético. No Brasil, especificamente
em alguns municipios do Sertdo baiano e da Chapada Diamantina, o broto de palma entra na
dieta alimentar da populacéo, a ponto do broto estar sendo empacotado e comercializado nas
feiras livres (GUEDES, 2002) e vérias receitas de pratos com sabores regionais vém sendo
desenvolvidas por Guedes (2002) e Guedes et al.(2004).

Os cladodios sdo normalmente consumidos como verdura fresca ou cozidos, logo apos
a retirada dos espinhos. Nas preparacdes cruas, sdo previamente colocados em agua com
vinagre, enquanto que nas cozidas sao fervidos nesta mesma solucdo e depois escorridos. Em
ambos os casos, o tratamento é feito com a finalidade de reduzir a secregdo viscosa. Os
brotos, cujo sabor lembra o feijdo verde, sdo cortados, picados, cozidos ou grelhados, e
consumidos como salada ou como parte de uma refeicdo (GUEDES et al., 2004).

Os brotos também sdo consumidos como produtos industrializados. No Sul dos
Estados Unidos e no México, os principais produtos associados aos brotos sdo preparados em
salmoura ou em conserva, na forma de molhos, paté, compotas, doces, bebidas e farinha. O
broto em salmoura ou picles € o mais consumido, sendo, portanto o mais processado
(CORRALES-GARCIA; SAENZ, 2006).

A agroindustrializacdo da palma forrageira resulta em diversas preparagdes, produtos e
derivados, permitindo o uso diversificado das raquetes jovens e dos frutos, fato que resulta em
agregacdo de valor a producdo, com efeitos positivos na geracdo de postos de trabalho e
renda. A planta pode ser usada para fazer sucos, saladas, pratos guisados, cozidos e doces
(CHIACCHIO; MESQUITA; SANTOS, 2006). O preconceito é o maior obstaculo na adesdo
deste alimento, pois tradicionalmente a palma é utilizada como ra¢do animal. Em muitos
paises como o México, Estados Unidos e Japdo a palma é considerada um alimento nobre,
servida em restaurantes e hotéis de luxo (CANTWELL, 2001).

No Brasil, algumas pesquisas estdo sendo desenvolvidas com o objetivo de aproveitar
a palma na elaboracdo de produtos diferenciados para alimentagdo humana, como tambem
para acabar com o preconceito entre potenciais consumidores de palma, que poderiam ajudar
na difusdo de uma culinaria delicada e nutritiva, que esta presente nos mais finos restaurantes
de paises como o México, a Italia e a Espanha (CHIACCHIO; MESQUITA; SANTOS, 2006).

Segundo Cantwell (2001) a palma é uma alternativa eficaz para combater a fome e a
desnutricdo no semiérido brasileiro além de ser uma importante aliada nos tratamentos de
salide. E uma cultura rica em vitaminas A, complexo B e C e minerais como Calcio,

Magnésio, Sodio, Potassio além de 17 tipos de aminoacidos. A palma é mais nutritiva que
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alimentos como a couve, a beterraba e a banana, com a vantagem de ser um produto mais
econdémico (NUNES, 2011).

Estudos conduzidos por Batista et al. (2010) revelaram que a mistura de goiaba e
palma (Opuntia ficus indica) na elaboracdo de bebidas mistas pode ser utilizada como um
recurso para agregar ao produto novas caracteristicas organolépticas e nutricionais. Seus
resultados mostraram que a palma promoveu um incremento de acido ascorbico na bebida. Os
autores também avaliaram as caracteristicas sensoriais do produto, mostrando que o grau de
aceitacdo e de intencdo de compra de todas as formulacdes foi bem aceito pelos provadores.

Gusmédo (2011) relatou em suas pesquisas que os brotos de palma (Opuntia ficus
indica) podem ser usados no processo de obtencdo de farinhas, visando enriquecer oS
alimentos pobres em fibras e em minerais ou substituir parcialmente a farinha de trigo nos

produtos de panificacdo, nos alimentos infantis ou dietéticos.

2.2 Plantas medicinais

Desde as antigas civilizacBes as plantas desempenham um papel crucial para
humanidade (MICHILES; BOTSARIS, 2005). As primeiras farmacopéias e formularios de
produtos surgiram no Egito, destacando-se entre elas o Papiro Ebers, que continha centenas
de formulas e remédios populares a base de plantas para cuidados de saude, higiene e beleza
(DE POLO, 1998).

A busca por alivio e cura de doencas pela ingestdo de ervas, talvez, tenha sido uma das
primeiras formas de utilizacdo dos produtos naturais (VEIGA-JUNIOR et al., 2005). Para
utilizarem as plantas como medicamentos, 0s povos antigos usavam de suas proprias
experiéncias e da observagdo do uso das plantas pelos animais (OLIVEIRA et al., 2006).
Diversas plantas foram utilizadas pelos indigenas como remédio para suas doencas e como
veneno em suas guerras e cagas (CARVALHO, 2004). A natureza foi a primeira farmacia a
que O recorreu.

Apbs a Il Guerra Mundial, as pesquisas com ervas medicinais foram deixadas de lado pelo
grande avango das formas sintéticas, sendo anos apés retomadas (FRANCESCHINI FILHO,
2004). Para Sousa et al. (2011), nos ultimos anos vem ocorrendo um retorno ao uso de plantas
e medicamentos a partir destas, em um mercado que havia sido dominado por produtos de
base sintética. Como resultado, o uso de plantas medicinais, se encontra em expansdo em todo
0 mundo e constitui um mercado bastante promissor, movimentando mundialmente cerca de
US$ 22 bilhdes por ano (Nascimento et al., 2005).



30

Na Terra existem aproximadamente entre 350.000 e 550.000 espécies de plantas e a
grande parte delas, apesar de toda a pesquisa e investigacdo realizada até o momento, ainda
ndo tem estudos quimicos, analiticos e/ou farmacoldgicos (FOGLIO et al., 2006). Neste
sentido, o Brasil apresenta enorme biodiversidade, possuindo uma das mais ricas floras do
mundo. Entretanto, a biodiversidade brasileira ndo é totalmente estudada e assim milhdes de
espécies distintas de vegetais, micro-organismos ou animais podem ser pesquisados
(GUERRA; NODARI, 2001).

Segundo Forzza et al. (2013) o Brasil possui aproximadamente 35 mil espécies de
vegetais, distribuidas nos diferentes tipos de biomas: Floresta Amazonica, Cerrado, Mata
Atlantica, Pantanal, Caatinga e Manguezal (ALBERNAZ et al., 2010; VIEIRA et al., 2010),
porém apenas 17% delas sdo exploradas para pesquisas de compostos biologicamente ativos
(POLITI; PIETRO; MOREIRA, 2009; RODRIGUES et al., 2013).

Essa grande biodiversidade da flora brasileira com potencial terapéutico leva a um
significativo consumo de fitoterapicos e preparacGes extraidas de plantas que através do
conhecimento tradicional e tecnoldgico podem ser validadas cientificamente. Este imenso
patriménio genético encontrado no Brasil tem, na atualidade, um valor econdmico-estratégico
inestimavel em varias atividades (BRASIL, 2006), mas é no campo do desenvolvimento de
novos medicamentos onde reside sua maior potencialidade, uma vez que existem indmeros
medicamentos obtidos direta ou indiretamente a partir de produtos naturais.

Segundo Oliveira et al. (2006), os fitoterdpicos sdo também uma oportunidade de
obtencdo de medicamentos mais barato em paises em desenvolvimento, onde a maior parte da
populacdo ndo tem acesso a medicamentos sintéticos por seu alto custo. Muitas vezes esses
medicamentos s&o rotulados e aparecem na midia com promessa de cura (VEIGA JUNIOR et
al.,, 2005), o que ndo estd correto, pois primeiro sdo necessarios estudos botanicos,
farmacologicos, toxicolégicos que comprovem a eficacia de determinada substancia, para sua
comercializagéo.

Em 1975 o Conselho Nacional de Saude ja valorizava a importancia da medicina
popular: “A denominada "medicina popular" é constituida por préticas paralelas a "medicina
oficial™ dominante. Quem faz esta distin¢cdo é o sistema oficial de salude, constatando sua
existéncia e crescimento, a despeito de todo o avanco cientifico e tecnolédgico atual que tem o
respaldo do saber cientifico e do sistema de producdo (V CNS, 1975)”. Desta forma, a

Organizacdo Mundial da Saude (OMS) reconhece a importancia da fitoterapia, sugerindo ser
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uma alternativa viavel e importante também as populagdes dos paises em desenvolvimento,
devido ao seu custo diminuido (SANTOS; NUNES; MARTINS, 2012).

Através do Decreto Presidencial N°. 5.813, de 22 de junho de 2006, o Governo Federal
aprovou a Politica Nacional de Plantas Medicinais, onde as acGes decorrentes desta politica
sdo manifestadas no Programa Nacional de Plantas Medicinais e Fitoterapicas — PNPMF e
uma de suas propostas € inserir plantas medicinais, fitoterapicos e servicos relacionados a
fitoterapia no SUS, com seguranca, eficacia e qualidade, em conformidade com as diretrizes
da Politica Nacional de Praticas Integrativas e Complementares no SUS. (BRASIL, 2006). E,
para estimular o desenvolvimento e o consumo dos fitoterapicos, este decreto estimula o
cultivo, a formacéo técnico cientifica, a formacgéo e capacitacdo de recursos humanos para o
desenvolvimento de pesquisas, tecnologias e inovacdes em plantas medicinais e fitoterapicos
(KLEIN et al., 2009; SOARES; MENDONCGCA, 2010).

2.3 Antimicrobianos

O termo antibacteriano é designando para toda substdncia oriunda de seres vivos,
micro-organismos ou vegetais, como também aquelas sintetizadas em laboratério com a
capacidade de em pequenas concentracdes apresentarem atividade letal ou inibitéria contra
espécies de bactérias e prevenir o desenvolvimento de micro-organismos resistentes (COSTA,
L., 2007).

De acordo com Guimardes, Momesso e Pupo (2010) os antimicrobianos podem ser
naturais ou sintéticos e podem agir tanto inibindo o crescimento, sendo chamado de
bacteriostatico ou, causando a morte da bactéria, sendo classificado como bactericida. Um
agente antimicrobiano ideal exibe toxicidade seletiva, e isto implica que uma substancia deve
ser eficiente contra a bactéria alvo, porém seguro quanto a toxicidade ao paciente (BROOKS
et al., 2008; SOFIATI, 2009).

Nos ultimos séculos, a resisténcia microbiana frente aos antibacterianos vem tornando-
se um sério risco a saude coletiva, dificultando e impondo diversas barreiras ao controle de
micro-organismos patogénicos de interesse médico-sanitario (DANTAS et al., 2010). Agentes
antimicrobianos vém sendo utilizados desde o século XVII para o tratamento de doencas
infecciosas. Os antibidticos sdo produtos metabdlicos naturais de fungos, actinobactérias e
bactérias capazes de impedirem o crescimento, ou de destruirem micro-organismos (BLACK,
2002; MADIGAN et al., 2010).
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Desde a origem dos antibidticos na década de 1950, o numero de agentes
antimicrobianos derivados de plantas tem sido insuficiente. A utilizagdo de extratos vegetais,
bem como outras formas alternativas de tratamento médico, vem demonstrando grande
popularidade desde a década de 1990. Bactérias multirresistentes sdo um emergente e
conhecido problema mundial de saide (VONBERG et al., 2008). As industrias se concentram
em programas de triagem a fim de identificar novos principios ativos a partir de fontes
naturais (KUMAR et al., 2010).

A busca por novos agentes antimicrobianos a partir de plantas superiores tem sido de
grande interesse nas ultimas décadas. O “Clinical and Laboratory Standards Institute (CLSI)”,
métodos para a avaliacdo de compostos antimicrobianos, sdo amplamente aceitos pelos érgédos
reguladores em todo o mundo (DAS; TIWARI; SHRIVASTAVA, 2010).

O uso de plantas pode representar uma alternativa de substituicdo aos antissépticos e
desinfetantes sintéticos convencionais, visando evitar o desenvolvimento de resisténcia
bacteriana a estes compostos, uma vez que metabolitos vegetais atuam por mecanismos
variados (BARBOUR et al., 2004; MONTHANA; LINDEQUIST, 2005).

Ha varios relatos na literatura sobre a atividade antimicrobiana para inimeros extratos
a partir de fontes vegetais em diferentes regides do mundo (RAVISHANKAR et al., 2012;
CARLOS et al., 2010; PARK et al., 2009; CAILI; HUAN; QUANHONG , 2006).
Recentemente varios estudos foram realizados para identificar novos e potentes compostos
antimicrobianos isolados de plantas, os chamados "Antibiéticos naturais”, porque estes
possuem o potencial de ultrapassarem a resisténcia antimicrobiana (RAVISHANKAR et al.,
2012; PARK et al., 2009).

Substancias antimicrobianas de origem natural sdo normalmente identificadas em
diferentes partes dos vegetais, tais como folhas, caules, sementes, frutas e raizes. Mais de
1300 espécies oriundas de fontes vegetais sdo relatadas na literatura com a capacidade de
apresentar atividade antimicrobiana a partir de compostos quimicos presentes em sua
composigdo, sendo que muitos deles ja foram isolados e sdo usados em muitas areas,
incluindo na industria de alimentos (TAJKARIMI; IBRAHIM; CLIVER, 2010; BURT,
2004).

As plantas possuem Vvarias vias metabolicas secundarias que dao origem a compostos
como alcaloides, flavonoides, isoflavonoides, taninos, cumarinas, glicosideos cardiotonicos,
terpenos que por vezes, sao especificos de determinadas familias, géneros ou espécies, e cujas
funcBes, até pouco tempo, eram desconhecidas (SIMOES et al. 2004). As plantas com maior

atividade antimicrobiana s@o aquelas ricas em polifendis, flavondides e taninos (DOUGHARI,
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EL-MAHMOOD; TYOUINA, 2008), terpenoides, alcaldides, lectinas, polipeptideos, e
cumarinas (RESCHKE; MARQUES; MAYWORM, 2007; HAIDA et al., 2007).

De acordo com Gonzélez-Lamothe et. al. (2009), os produtos do metabolismo
secundario acumulado pelas plantas podem atuar de duas formas: como “potencializadores de
atividade antibacteriana”, favorecendo a atividade de antibidticos cuja acdo encontra-Se
limitada por mecanismos de multirresisténcia desenvolvidos pelos micro-organismos; ou
como “atenuantes de viruléncia”, adequando a resposta do sistema imune do hospedeiro a
infeccdo.

O grande aumento em infecgdes hospitalares, causada por bactérias resistentes ou
multirresistentes € um dos maiores problemas de saude publica (FONTANAY et al., 2008).
Especialmente na Gltima década, o grau de resisténcia aos antibioticos comuns é cada vez
mais crescente em todo o0 mundo (TANG et al., 2011). Incluindo o Brasil, principalmente em
unidades de tratamento intensivo (UTIs) (PUEYOA et al., 2011).

Bactérias patogénicas como Staphylococcus aureus e Escherichia coli despontam-se
como contaminantes comuns na industria de cosméticos e instalacBes hospitalares. Tais
micro-organismos apresentam cepas resistentes aos antimicrobianos usuais, tornando a sua
ocorréncia uma ameaca potencial a saide (DANTAS et al., 2010).

De acordo com Furtado et al. (2008), uma das principais causas de resisténcia
antimicrobiana € a grande exposi¢cdo aos farmacos antimicrobianos, dentre outros, através da
pratica da automedicacdo. Os fatores que contribuem para a ocorréncia e persisténcia da
resisténcia bacteriana sdo: o uso indiscriminado e prolongado de antimicrobianos quimicos
sintéticos (CRISAN et al., 1995), a utilizacdo de antibidticos para o tratamento e prevenc¢do de
infeccOes em animais e no controle de infecgé@o bacteriana em frutas e legumes que aumentam
a transmissdo de organismos multirresistentes para seres humanos (COHEN, 1992; HOEFEL
et al., 2006).

O problema da resisténcia microbiana é crescente e a perspectiva de uso de drogas
antimicrobianas no futuro é incerta. Portanto, devem ser tomadas atitudes que possam reduzir
este problema como, por exemplo, controlar o uso de antibiéticos e, desenvolver pesquisas
para melhor compreensdo dos mecanismos genéticos de resisténcia e continuar o estudo de
desenvolvimento de novas drogas, tanto sintéticas como naturais (NASCIMENTO et al.,
2000; HAIDA et al., 2007).

Atraves da Resolucdo da Diretoria Colegiada (RDC) N° 44, de 26 de outubro de 2010
a Agéncia Nacional de Vigilancia Sanitéria ratifica e estabelece os critérios, de forma mais

rigorosas, para a embalagem, rotulagem, liberacdo e controle de medicamentos a base de
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substancias classificadas como antimicrobianos, de uso sob prescrigdo, isolado ou em
associacdo. A liberacdo destes medicamentos contendo as substancias antimicrobianas fica
sujeita a retencdo de receita e escrituracdo em farmacias e drogarias, nos termos desta
resolucédo (BRASIL, 2010).

Atualmente, existem varios testes para analise de sensibilidade antimicrobiana, desde
métodos convencionais a metodologias mais modernas. Entre os mais utilizados pode-se citar
0s métodos de difusdo em agar, microdiluicdo em caldo, entre outros. Entretanto, a analise da
concentracdo inibitoria minima (CIM), isto é, microdiluicdo seriada em caldo, tem sido uma
das metodologias mais aplicada, uma vez que este teste, além de avaliar a atividade
antimicrobiana, possibilita a determinacdo da minima concentragdo necessaria para inibir o
crescimento dos micro-organismos (NCCLS, 2003).

A determinacdo da Concentracdo Inibitéria Minima (CIM) pelo método da
microdiluicgdo é um ensaio quantitativo in vitro aplicado para avaliar a atividade
antibacteriana. Uma das vantagens deste método é a avaliagdo do comportamento de
diferentes micro-organismos frente a concentracGes crescentes dos compostos analisados. A
menor concentracdo capaz de inibir o crescimento das bactérias € denominada de CIM. O
crescimento antibacteriano e a CIM séo observados visualmente nas placas, sendo que as
culturas que apresentam crescimento sdo usadas para inocular placas com meio sélido, de
forma a determinar a Concentracdo Bactericida Minima (CBM) (NCCLS, 2003).

2.4 Antioxidantes

Os compostos antioxidantes podem ser definidos como substancias que, quando
presentes em pequenas concentracbes em relacdo ao substrato oxidavel, sdo capazes de
retardar ou mesmo inibir substancialmente a oxidagdo do substrato (NIKI, 2010).
Naturalmente, alguns antioxidantes séo produzidos pelo corpo humano e outros podem ser
adquiridos pelo consumo de alimentos (ARAUJO, 2004).

Os antioxidantes podem ser divididos em dois grupos: aqueles que apresentam
atividade enzimética, bloqueando o inicio da oxida¢do com remocdo de espécies reativas ao
oxigénio por meio de enzimas, e aqueles que ndo apresentam atividade enzimatica, neste caso,
encontram-se moléculas capazes de interagir com radicais durante a reacdo, como € 0 caso
dos carotendides, vitaminas e compostos fenolicos (MOREIRA; MANCINI-FILHO, 2004).

Dentre os antioxidantes naturais, destacam-se as vitaminas C e E, os carotenoides e 0s

compostos fendlicos, especialmente os flavonoides, que sdo os antioxidantes mais abundantes
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na alimentacdo humana. Esses antioxidantes absorvem radicais livres e inibem a cadeia de
iniciacdo ou interrompem a cadeia de propagacdo das reacdes oxidativas promovidas pelos
radicais (PODSEDEK, 2007).

Os radicais livres (RL) podem ser caracterizados como moléculas organicas e
inorgénicas, que possuem atomos contendo um ou mais elétrons desemparelhados, ou seja,
elétrons isolados ocupando um orbital atdmico ou molecular (HALLIWELL, 2011,
BERNARDES; PESSANHA; OLIVEIRA, 2010). Essa configuracdo faz dos radicais livres,
moléculas altamente instaveis, com meia-vida curtissima e quimicamente muito reativas
(BERNARDES; PESSANHA; OLIVEIRA, 2010).

O efeito cumulativo desses radicais provocam varios danos no organismo, como por
exemplo, o declinio funcional de células e tecidos (CLANCY; BIRDSALL, 2013). Os danos
oxidativos sdo responsaveis por alteracGes tdo alarmantes, que as espécies reativas de
oxigénio (EROs) (Tabela 2) que sdo geradas nos tecidos, podem chegar a provocar a morte
celular. Esses danos tém sido relacionados ainda com vérias patologias, incluindo doengas
degenerativas, tais como as cardiopatias, aterosclerose e problemas pulmonares. Os danos no
DNA causados pelos radicais livres, também, desempenham um papel importante nos
processos de mutagénese e carcinogénese (BERNARDES; PESSANHA; OLIVEIRA, 2010;
MARIOD, et al., 2010).

Tabela 2. Espécies reativas de oxigénio (EROs)

EROS Nomeclatura
0, Radical superéxido
OoH Radical hidroxila
NO Oxido nitrico

ONOO Peroxinitrito
Q Radical semiquinona
0, Oxigénio singlete

Fonte: Moreira, V., 2013 — modificado

O aumento do nivel de EROs pode danificar a estrutura das biomoléculas e modificar
suas funcdes; levar a disfuncdo celular e até mesmo a morte celular. Para tanto, 0s
antioxidantes sdo substancias quimicas que protegem um alvo biol6égico contra o dano
oxidativo além de neutralizarem os efeitos nocivos dos radicais livres e EROs (HALLIWELL,

2011; ALl et al., 2008). Quando presentes em concentracfes ideais em relacdo aos substratos,



36

0s antioxidantes sdo capazes de proteger o organismo humano contra inimeras doencas
(BERNARDES; PESSANHA; OLIVEIRA, 2010).

Existem duas categorias de compostos antioxidantes, os de origem natural e 0s
designados sintéticos (CHEUNG; CHEUNG; OOl, 2003). Os antioxidantes naturais dividem-
se em dois grandes grupos, 0s enzimaticos e 0s ndo enzimaticos. Os antioxidantes enzimaticos
incluem as principais enzimas antioxidantes, como a superdxido dismutase, catalase e
glutationa peroxidase. Alguns exemplos de antioxidantes ndo enzimaticos incluem a vitamina
C, compostos fendlicos hidrossolUveis e compostos lipossolUveis (vitamina E e carotenoides)
(NDHLALA; MOYO; VAN STADEN., 2010).

A nossa rica flora e fauna levou a formagdo de seres vivos capazes de produzir
variadas moléculas com acdo antioxidante, e essas substancias naturais podem ser uma
importante estratégia para o combate de varias enfermidades (MISHRA; OJHA;
CHAUDHURY, 2012). Extratos brutos derivados de plantas ganham, cada vez mais, interesse
por parte dos pesquisadores, devido a sua acdo em retardar a degradacdo oxidativa e assim
melhorar a qualidade e valor nutritivo dos alimentos (LIU et al., 2011). A ingestao dietética
de antioxidantes naturais presentes na maioria das fontes vegetais pode agir como potentes
agentes preventivos de alteracdes relacionadas ao estresse oxidativo (RIOS; ANTUNES;
BIANCHI, 2009).

Os compostos fendlicos tém recebido atencdo nos ultimos anos por sua agdo
antioxidante, inibindo a peroxidacdo lipidica e a lipoxigenase in vitro. Estes compostos
desempenham um papel importante, agindo tanto na etapa de iniciagio como na
propagacaodo processo oxidativo (SOUSA et al., 2007).

Dentro dos compostos fendlicos, os flavondides sdo também muito conhecidos devido
ao seu grande poder antioxidante conferindo estabilidade oxidativa aos produtos onde se
encontram presentes. S&0 compostos benéficos em determinadas doengas, como € o caso de
doencas cardiovasculares, algumas formas de cancro, doencgas neurodegenerativas, diabetes e
osteoporose (REPO-CARRASCO-VALENCIA et al., 2010; MOUSSA-AYOUB et al., 2011).

As propriedades antioxidantes destes compostos foram o primeiro mecanismo de agéo
a ser estudado, nomeadamente no que respeita ao seu poder protetor contra doencas
cardiovasculares. Os flavonodides tém mostrado ser altamente eficazes contra a maioria das
moléculas oxidantes, incluindo o oxigénio e os varios tipos de radicais livres que estdo
possivelmente envolvidos nos danos do DNA e promocéo de tumores (MOUSSA-AYOUB et
al., 2011).
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A atividade dos antioxidantes é de extrema importancia, uma vez que o seu papel na
preservacdo da saude humana, na prevencdo e no tratamento de doencas tem sido
evidenciado. Varios métodos foram desenvolvidos para avaliar a eficacia antioxidante. As
suas vantagens e desvantagens tém sido discutidas em termos de simplicidade, instrumentacéo

necessaria, mecanismos, método de quantificacdo e relevancia bioldgica (NIKI, 2010).

2.5 Toxicidade

Toxicidade é a propriedade potencial de uma determinada substancia quimica de
instalar um estado patoldgico em consequéncia de sua introducdo ou interacdo com o
organismo. Esta propriedade é verificada atraves da avaliacdo toxicologica onde se obtém
dados como dosagem, sinais, efeitos provocados que irdo determinar o potencial de
toxicidade. Os estudos toxicoldgicos tém a finalidade de avaliar a ideia errbnea de que
produtos fitoterapicos, por serem naturais, sdo isentos de efeitos toxicos ou adversos, e que
somente 0 uso popular de plantas medicinais ndo serve como validacdo da eficacia destes
medicamentos (LORA, 2007).

A ocorréncia natural nos vegetais de compostos como alcaldides pirrolizidinicos,
acido aristoloquico, ésteres de forbol, a ocorréncia de contaminagdo por micro-organismos,
metais pesados, aflatoxinas além da identificacdo vegetal incorreta sdo alguns dos fatores
responsaveis por casos de toxicidade relacionada com o uso de plantas medicinais
(FARNSWORTH, 1993).

No Brasil, no ano de 2010, registrou-se 1.377 casos de intoxicagdes humanas por
plantas medicinais, representando 1,33% em relacdo aos demais possiveis agentes toxicos,
sendo o uso indevido o maior responsavel pelos numeros de casos identificaveis. Desta
totalidade, a regido Sul é a segunda do pais com maior indice das intoxicacdes, com 330
casos, e Porto Alegre a cidade com a maior representatividade, com 300 casos registrados
(90,9%), confirmando o desconhecimento e falta de informacdo da populacdo a cerca dos
riscos em torno destes produtos (GONGCALVES, 2014).

Para o desenvolvimento de novas drogas, a atividade de um composto precisa ser
comparada em varios sistemas de testes, utilizando outros ja conhecidos (padréo). Os testes
escolhidos devem ser simples e rapidos e também, na medida do possivel, especificos para o
tipo de atividade bioldgica a investigar (RANG; DALE; RITTER, 2001).
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Portanto, a seguir é feita uma revisdo acerca de dois bioensaios utilizados na
determinacdo da atividade bioldgica de extratos, fracGes e compostos extraidos de vegetais: 0

bioensaio simples de letalidade da Artemia salina e toxicidade aguda.

2.5.1 Ensaio com Artemia salina Leach

O uso de invertebrados como bioindicadores ou bioacumuladores é utilizado em testes
antes do uso de vertebrados e envolve, dentre os resultados primarios, a avaliacdo da
toxicidade e genotoxicidade dos compostos testados (KANWAR, 2007).

A letalidade de organismos simples tem sido utilizada para um rapido e relativamente
simples monitoramento da resposta bioldgica, onde existe apenas um parametro envolvido:
morte ou vida. Os resultados podem ser facilmente tratados estatisticamente. Estudos relatam
que a Artemia salina Leach (Artemiidae) é utilizado para determinar toxicidade de produtos
naturais e quimicos, considerando que estas larvas apresentam sensibilidade a substancias
toxicas. Além disso, tem a vantagem de ser um teste rapido e barato. (CAVALCANTE et. al.,
2000; SANTOS PIMENTA et. al., 2003) Dentre os ensaios mais citados estdo os de Artemia
salina Leach, que permite avaliar a toxicidade geral, sendo considerado um bioensaio
preliminar no estudo de extratos e metabdlitos especiais com potencial atividade bioldgica
(MACIEL et al., 2002).

Artemia salina, comumente conhecida como o “camardo de agua salgada”, ¢ um
microcrustaceo sem carapaca, da classe Anostracea, e uma aprecidvel fonte de alimento para
peixes e outros crustaceos, tanto em ecossistemas marinhos quanto em aquarios marinhos.
Fotossensivel, como outros organismos aquaticos primitivos, essa larva apresenta
sensibilidade a substancias tdxicas, sendo considerada um indicador de toxicidade. Alguns
estudos correlacionam o ensaio de toxicidade com larvas de Artemia salina com atividades
fungicida, viruscida, bactericida e parasiticida, o que mostra o amplo campo de efetividade da
técnica (SOUZA 2011).

Por esse método, é possivel determinar a concentracdo letal (CLsp) de componentes
ativos e extratos em um meio salino. A atividade do teste € manifestada pela toxicidade de
componentes ativos, fragoes ou extrato de produtos naturais frente ao organismo marinho A.
salina. O estagio de larvas mais usado em testes laboratoriais compreende o periodo de vida
de 24 a 48 h depois da eclosdo (KANWAR, 2007).
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A atividade bioldgica é registrada considerando a concentra¢do quando 50% das larvas estdo
mortas no prazo de 24 horas em contato com o extrato: ClLsy abaixo 249 ug /mL sdo
considerados como altamente toxico, 250-499 ug /mL como toxicidade mediana e 500-1000
ug /ml como toxicidade baixa. Valores acima de 1000 pug /mL sdo considerados como néo
toxico (BUSSMANN et al., 2011).

2.5.2 Toxicidade Aguda

O teste de toxicidade oral aguda é descrito pelo Guideline 423 (OECD 423; 2001) e
tem como objetivo produzir efeitos adversos em um breve periodo apds a administracao oral
de uma Unica dose de uma substancia ou apo6s multiplas doses fornecidas durante 24 horas.
Desta forma, pode fornecer subsidios referentes aos riscos a salude apds uma exposicdo de
curta duracdo (DIPASQUALE; HAYES, 2001).

A avaliacdo de toxicidade aguda também tem por objetivo caracterizar a relacdo
dose/resposta que conduz ao calculo da DLsy (dose letal mediana), sendo que além da
letalidade, outros pardmetros devem ser investigados, tais como o potencial tdxico em érgéos
especificos, os indicativos sobre a toxicocinética e mecanismos de acdo e o estabelecimento
das doses para estudos complementares de toxicidade (VALADARES, 2006). E no ensaio
agudo que se avalia o screening hipocratico, o qual fornece uma estimativa geral da
toxicidade da substancia sobre o estado consciente e disposicdo geral, atividade e coordenacédo
do sistema motor, reflexos e atividades sobre o sistema nervoso central e sobre o sistema
nervoso autbnomo, onde o parametro mortalidade podera ser observado a partir do estado
moribundo do animal em 24 h, e nos 14 dias consecutivos (QUEIROZ et al., 2013).

A base da técnica consiste em se administrar em grupos de trés animais, doses
sequenciais de 5, 50, 300 e 2000 mg/kg. A sequencia das doses s6 é obedecida caso se
observar a morte de mais de 1 animal com a dose escolhida.. A administracdo da dose de 5000
mg/kg so é recomendada quando extremamente necessario. Isto possibilita a estimativa de
uma faixa de DLsy conforme os padrdes da Globally Harmonised System (GHS), propiciando
a classificacdo por classe toxicologica da substancia administrada (Tabela 3). Uma das trés
acOes é requerida: parar no teste que atribui a classificagdo do risco apropriado; testar uma
dose fixa maior ou uma dose fixa menor. Dependendo da mortalidade ou do estado
moribundo dos animais, outras doses intermediarias podem ser necessarias para que se admita

um critério da toxicidade aguda na sustancia—teste (OECD, 2001).
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Tabela 3. Classificacdo de risco toxicologico agudo segundo o0 GHS (Globally Harmonised System).

Classe toxicoldgica Dose Letal mediana (DLsy)

| (> 0-5mg/Kg)

1 (> 5 - 50 mg/Kg)
Il (> 50 - 300 mg/Kg)
v (> 300 - 2000 mg/Kg)
\% (> - 2000 mg/Kg)

FONTE: OECD, 2001.

A dose inicial selecionada € aquela mais propensa a produzir mortalidade com base
em relatos de dose com toxicidade evidente, quando possivel, ou através de relatos
evidenciados com base na estrutura quimica. Quando se trata de um extrato de planta ja
utilizado pelas populacGes, pode decidir-se iniciar a triagem com a dose de 2000mg/Kg
(Figura 4). Faz-se a administracdo a trés ratos da dose de 2000 mg/kg, preferencialmente pela
manha. A ocorréncia da morte de 0-1 animal induz a repeticdo da mesma dose administrada
em outros trés animais. Obtendo a morte de até um animal a amostra ndo é considerada tdxica
ou entra na Classe 5, cuja faixa de DLs, varia até 5000 mg/kg sendo maior que 2000 mg/kg
(DLso > 2000 mg/Kg). No entanto, caso ocorra a morte de 2 ou 3 animais, isto implicaria na
administracdo de uma dose sequencial inferior, correspondente a 300 mg/kg. Se morresse
mais de um animal, administraria doses seqlienciais menores até possibilitar estimativa de
uma faixa de DLs, conforme os padrdes da Globally Harmonised System (GHS) (OECD,
2001).

O diagnéstico de doencas hepéticas pode ser constituido pela determinacdo da
bilirrubina sérica, albumina e das enzimas transaminases: aspartato aminotransferase (AST) e
alanina aminotransferase (ALT), entre outras (GAYOTTO; ALVES, 2001). A dosagem de
glicose sérica, colesterol e trigliceridios contribuem também para avaliar o dano
hepatocelular. De acordo com Necchi (2011), os parametros bioguimicos para toxicidade
renal sdo: as dosagens séricas de creatinina, ureia e depuracdo de creatinina. A concentracdo
de creatinina sérica é uma excelente medida para avaliar a funcdo renal. Os teores de
creatinina sérica sdo mais sensiveis e especificos que a medida da concentracdo plasmatica da
uréia (MOTTA, 2003).



Figura 4. Fluxograma do teste de toxicidade aguda, pelo método de classes, iniciando com dose de 2000 mg/kg.

Inicio
5 mg/kg S0 mg/Kg ¢ 300 mg/Kg | 2000 mg/'/Kg
3 animais 3 animais p 3 animais — 3 animais
5 mg/Kg 50 mg/Kg 300 mg/Kg 2000 mg'kg
3 animais 3 animais 3 animais 3 animais

? q 1 0ou 2 em 2000 0 em 2000
EEPICTD

Cut-off | ¥

DL50 | 5 o5 50 . 200 200 500 2000 X 2500 5000
(mgkg) |+ v ¥ ¥

*0,1,2,3: namero de animais moribundos ou mortos por dose
* GHS: Sistema de classificagdo harmonizado globalmente
* X: ndo classificado

- Teste ¢/ inicio na dose 2000 mg/kg peso corporal. Quando no teste desta dose
nenhum dos animais tratados morrerem e ndo mostrarem sinais clinicos deve-se

assumir a DL = 2000mg'kg de peso corporal (Classe 5 ou indeterminada).

Fonte: (Adaptado do Guia 423 - OECD, 2001)

41



42

3. OBJETIVOS

3.1. Geral

Investigar a atividade antimicrobiana, antioxidante e verificar possiveis efeitos toxicos

da mucilagem de palma forrageira (Opuntia ficus indica).

3.2. Especificos

Coletar os cladodios da palma forrageira e preparar a mucilagem;

Dosagem de polifenois e flavonoides;

Determinar a atividade antimicrobiana da mucilagem de palma forrageira;
Determinar a atividade antioxidante da mucilagem de palma forrageira;

Realizar ensaio de toxicidade letal da Opuntia ficus indica usando Artemia salina;

Realizar a toxicidade aguda (dose unica, 14 dias) da mucilagem em ratos da linhagem
Wistar.

Avaliar por meio de exames bioquimicos e hematoldgicos, a presenca de possiveis
lesbes no figado e rins, produzidas pela toxicidade aguda, apds administracéo oral da
mucilagem de O. ficus indica.

Verificar variacdo no peso corporal em diversos momentos ao longo do experimento e

peso dos orgaos ao final dos testes.
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5. CAPITULO 1

Bioactivity assessment: antimicrobial and antioxidant activities of mucilage from fodder
palm (Opuntia ficus indica L. Mill) cladodes
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Abstract

Background: In recent decades there has been significant progress involving pharmacological
and phytochemical studies of medicinal plants in order to obtain new compounds with
therapeutic properties. Opuntia ficus indica (Cactaceae) cladode contain a large amount of
active ingredients, particularly antioxidant constituents including vitamin C, vitamin E,
carotenoids, glutathione, flavonoids and phenolic acids, thus, making this plant present
various therapeutic properties.

Purpose: The study aimed to evaluate the Opuntia ficus indica L. Mill cladodes mucilage
(OFCM) for phenolic and flavonoids contents, in vitro evaluate antioxidant and antimicrobial
activities and evaluation of brine shrimp lethality test.

Methods: Total phenolic content was determined by the Folin—Ciocalteu method and
flavonoids contents were estimated by the AICI; method. Antioxidant activity was detected by
the method of ABTS and DPPH radical scavenging activity and total antioxidant capacity
(TAC). The antimicrobial activity by the broth microdilution to determine the Minimum
Inhibitory Concentration (MIC) and Minimum bactericidal or fungicidal concentration
(MBC/MFC) against twelve microorganisms among them: Gram-positive and Gram-negative
bacteria and yeast, while evaluation of brine shrimp lethality test was estimated using Artemia
salina.

Results: The results demonstrated that total phenolic contents was 64,9 + 0.6 pg GAE/ml of
OFCM and the amount of total flavonoids in OFCM assessed was 31.8 + 0.4 pg QE/ml of
OFCM. Significant results were found for the antioxidant activity, inhibition percentage the
ABTS was 65.93 + 2.70% to 98.40 + 0.40% equivalents to 1443.30 + 60.62 to 2173.30 + 8.80
to TEAC (uM Trolox) in a period of 6 min to 120 min, inhibition percentage of the DPPH
radical formation was 64.03 + 7.8% and total antioxidant capacity (TAC) was 48.42 + 0.3%
AsCAE and 67.2 + 0.4% GAE. The OFCM showed antimicrobial capacity for: Micrococcus
luteus, Pseudomonas aeruginosa, Mycobacterium smegmatis, Candida albicans and
Pseudomonas aeruginosa - Cl. The lethal cytotoxicity (LCsg) for Artemia salina was 584.11
pug/ml.

Conclusion: The results showed that Opuntia ficus indica L. Mill mucilage cladodes exhibited

antimicrobial and antioxidant activities with low toxicity.

Keywords: Opuntia ficus indica; antioxidant activity; minimum inhibitory concentration;

brine shrimp lethality test



57

Abbreviations:

ABTS: 2,2-azino-bis-(3-ethylbenzothiazoline)- 6-sulfonic acid; AIClz. Aluminium chloride;
AscAE: ascorbic acid equivalent; ATCC: American Type Culture Collection; BST: Brine
shrimp lethality test; CI: Clinical isolates; CLSI: Clinical Laboratory Standards Institute;
DMSOQO: dimethylsulphoxide; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; FRS: Free radical
scavenging; GAE: Gallic acid equivalent; HC: Hospital das Clinicas; LCsy: Lethal
cytotoxicity; MIC: Minimum Inhibitory Concentration; MBC: Minimum bactericidal
concentracion; MFC: Minimum fungicidal concentration; Na,COs: Sodium carbonate; OECD:
Organization for Economic Cooperation and Development; OFCM: Opuntia ficus indica L.
Mill cladodes mucilage; ORSA: Staphylococcus aureus Oxacillin resistant; QE: Quercetin
equivalent; ROS: reactive oxygen species; TAC: Total antioxidant capacity; TEAC: Trolox
Equivalent Antioxidant Capacity; UFPEDA: Federal University of Pernambuco Department
of Antibiotics.

1. Introduction

The production of drugs and pharmacological treatment of numerous pathologies had their
beginning with the use of medicinal plants (Pinto et al., 2006). In recent years, there has been
increasing interest in the exploitation of natural sources, particularly with regard to plants for
pharmaceutical use, and, in the last decade there has been a significant growth in the use of
herbal medicines (Bresolin and Cechinel Filho, 2010). The knowledge acquired by the
popular culture of medicinal plants is being encouraged experimental research in order to
identify the possible potential bioactive of these plants, so that they can be employed as the
active principle for the pharmaceutical industry (Pinto et al., 2006).

One of the factors that most contribute to the bioactive potential of plant research is the
problem of resistance to conventional antibiotics acquired by various microorganisms. This
resistance comes from the inappropriate use of these drugs among the population. The
bacteria and fungi resistance to conventional antibiotics represents a serious public health
problem (Ponzi et al, 2010; Leal et al, 2011). Due to the increasing microbial drug resistance,
the search for new antimicrobial agents from plants is intense (Radulovic et al., 2013). Plants
with higher antimicrobial activity are those rich in polyphenols, flavonoids and tannins
(Doughari et. al, 2008).
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The electron transfer is a fundamental chemical processes for cell survival. But this
dependence has a side effect that is the production of free radicals and other reactive oxygen
species (ROS) that can cause oxidative damage (Neves et al., 2009; Alves et al., 2010). The
excess of free radicals leads to deleterious effects such as damage to DNA, proteins and
organelles, such as mitochondria and membranes, causing changes in the structure and
cellular functions (Freitas et al., 2014). The discovery of the deleterious effects of free
radicals and their relation to certain diseases drive the search for new substances capable of
preventing or minimizing oxidative damage to living cells, then plants are a good alternative
as natural antioxidants (Neves et al, 2009;. Alves et al, 2010).

Opuntia ficus indica (L.) Mill., a member of the Cactaceae family, is native from Mexico,
widely distributed throughout Central America, South America, Australia, South Africa and
Mediterranean countries (De Leo et al., 2010). It is an exotic cactaceous of xerophytic,
characteristic with adaptation to adverse conditions of semi-arid. It can be easily found in the
state of Pernambuco, Brazil. It is estimated in Northeast Brazil, approximately 500 000
cultivated hectares of this cactus (Oliveira et al., 2011).

Cladodes of this plant named “Nopalitos” are consumed mainly as staple food, but according
to Mexican popular medicine, some diseases like diabetes mellitus, blood glucose levels,
hyperlipidemy, obesity and gastrointestinal disorders can be alleviated by eating this
vegetable (Corrales-Garcia et al., 2004). The components obtained from the cladodes contain
a large amount of active ingredients, particularly antioxidant constituents including Vitamin
C, Vitamin E, carotenoids, glutathione, flavonoids and phenolic acids etc. (Panico et al.,
2005).

In addition to study the bioactivity is important evaluate the cytotoxicity of plants used in
traditional medicine, for greater safety of use. The lethality assay with Artemia salina allows
the assessment of overall toxicity and therefore is regarded as essential in bioassay study of
compounds with potential biological activity (Uchda, 2014).

Therefore, this study aimed to evaluate lethal toxicity (LCsg) using Artemia salina, performed
dosage of phenolic compounds (polyphenols and flavonoids), investigate the antioxidant and
antimicrobial activities by the broth microdilution on the mucilage fodder palm cladodes

(Opuntia ficus indica).
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2. Materials and methods

2.1 Chemicals

Ascorbic acid , 2,2-Diphenyl-1-picrylhydrazyl (DPPH), gallic acid, quercetin, ascorbic acid,
aluminium chloride (AICIs), sodium carbonate (Na,CO3), trolox reagents were obtained from
Sigma (Sigma, Aldrich®). Folin—Ciocalteu reagent was purchased from Merck (Darmstadt,

Germany). All other chemicals used were of analytical grade.

2.2 Plant material and preparation of the mucilage

Opuntia ficus indica (fodder palm) used to produce mucilage (tertiary and quaternary
cladodes) was collected in April/2011, in the Experimental Station of the Instituto
Agronémico de Pernambuco (IPA) of Caruaru city in the semiarid region of Pernambuco
State in the Northeast of Brazil. The cladodes without thorns were washed in distilled water,
cut in small pieces (about 5 cm) and crushed in industrial blender for 15 minutes and filtered in

gauze. The supernatant was separated and called OFCM.

2.3. Determination of total phenolic content

Total phenolic content in the mucilage was determined by the Folin—Ciocalteu method (Li et
al., 2008): An aliquot 0.2 ml of diluted sample were added to 1 ml of 1:10 diluted Folin—
Ciocalteu reagent. After 4 min, 0.8 ml of Na,CO3 solution (75 g/l) was added. After 2 hours
of incubation at room temperature, protected from light, the absorbance at 765 nm was
measured in Ultrospec 3000 pro. Gallic acid (0-500 ug/ml) was used for calibration of
standard curve. All tests were carried out in triplicate and the results were expressed as gallic
acid equivalents (ug GAE/ml of the OFCM).

2.4 Determination of total flavonoid content

The flavonoids contents were estimated by the AICI; method (Lamaison et al., 1990): 0.5 ml
of OFCM was mixed with 0.5ml of 2% methanolic AICl3. The absorbance was measured 10
min later at 430 nm in Analytik Ultrospec 3000 pro, spectro-photometer. Quercetin (0 — 35
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ug/ml) was used as a standard for calibration curve. All tests were carried out in triplicate and

the amount of flavonoids was expressed as quercetin equivalents (ug QE/ml of the OFCM).

2.5 Antioxidant activity

2.5.1 Antioxidant activity using 2,2-azino-bis-(3 ethylbenzothiazoline)- 6-sulfonic acid (ABTS)

The oxidation reaction was prepared with 7 mM ABTS stock solution plus 140 mM
potassium persulfate (final concentration) and the mixture was left in the dark at room
temperature (23-25° C) for 12-16 h (time required for radical formation) before its use. The
ABTS" solution was dilueted in ethanol to an absorbance of 0.7 (+0.02) units at 734 nm. The
effect of OFCM amount on the antioxidant activity was carried out using aliquots of 30 L,
and mixing with 3 mL diluted ABTS" solution. The absorbances at 734 nm were measured at
differenttime intervals (6, 15, 30, 45, 60 and 120 min). Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) was used as a reference standard. The values of
oxidative inhibition percentage were calculated and plotted as a function of the reference
antioxidant concentration (Trolox) and expressed as Trolox equivalent antioxidant capacity

(TEAC, uM). All determinations were carried out in triplicate.

2.5.2 DPPH radical scavenging assay

DPPH free radical scavenging activity of the OFCM was determined according to the method
of Brand-Williams et al. (1995), with a few modifications. In plate with 96 wells was added
0.04 ml of OFCM and 0.25 ml of the DPPH (6 x 10®° mol/l). After 30 min at room
temperature and in the dark, absorbance was measured at 517 nm. For the control was added
0.04 ml of methanol with 0.25 ml of DPPH solution. For the positive control was used 0.04
ml of quercetin or gallic acid in presence of the DPPH solution. The standards (quercetin and
gallic acid) were at concentration at 1 mg/ml. DPPH free radical scavenging (FRS) activity
was calculated according to the equation: FRS (%) = Ac — As / Ac x 100 where, Ac is the

absorbance of the control and As is the absorbance of the sample.
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2.5.3 Total antioxidant capacity (TAC)

The assay is based on the reduction of Molybdenum (V1) to Molybdenum (V) by the extract
and subsequent formation of a green phosphate—Molybdenum (V) complex at acid pH (Prieto
et al., 1999). An aliquot (0.1 ml) of OFCM was mixed with 1 ml of reagent (600 mM
sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). After, the tubes
were capped and incubated in a water bath at 95°C for 90 min. After cooling to room
temperature, the absorbance of the samples was measured at 695 nm against a blank (1 ml of
reagent and 0.1 ml of the solvent). Total antioxidant capacity was expressed in relation to
ascorbic acid and gallic acid (Img/ml) and calculated by the following formula: TAC (%) =
(As — Ac) x 100/ (Aaa — Ac) where: Ac = control absorbance; As = sample absorbance; Aaa =

ascorbic acid absorbance.

2.6. Antimicrobial activity assay

2.6.1. Microorganisms

The following microorganisms were used: Staphylococcus aureus (ATCC6538), Micrococcus
luteus (ATTC2225), Bacillus subtilis (16-UFPEDA) Pseudomonas aeruginosa (39-
UFPEDA), Mycobacterium smegmatis (71-UFPEDA), Enterococcus faecalis (ATCC6057),
Escherichia coli (ATCC25922), Serratia sp (398-UFPEDA), Candida albicans (1007-
UFPEDA), Staphylococcus aureus (Cl, 731-UFPEDA, wound Secretion-HC, ORSA),
Pseudomonas aeruginosa (Cl, 736-UFPEDA, wound Secretion-HC), Enterobacter aerogenes
(Cl, 739-UFPEDA, wound Secretion-HC). The microorganisms were provided by the
Antibiotic Department at th Federal University of Pernambuco — UFPE - Brazil. They were
maintained in culture medium bacterial Mueller-Hinton agar, nutrient agar, and glucose yeast

agar which were prepared according to the manufacturer's instructions.

2.6.2 Determination of Minimum inhibitory concentration (MIC) and minimum bactericidal
or fungicidal concentration (MBC/MFC)

The MIC is considered as the lowest concentration of the sample which inhibits the visible
growth of a microbe, to according to the Committee for Clinical Laboratory Standards
Institute (CLSI - 2006). The minimum inhibitory concentration (MIC) was determined by the
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broth microdilution performed in 96-well sterile micro plates. Solution of OFCM (2 mg/ml)
was prepared in dimethylsulphoxide (DMSO). The inoculum was prepared by direct saline
suspension of isolated bacterial colonies. Suspension was adjusted to achieve a turbidity
equivalent to 0.5 McFarland turbidity standards, which approximated 1.5 x 10® CFU/mI. All
the wells received 100 ul of Mueller Hinton broth (for bacteria) or glucose agar broth (for C.
albicans). The first well of the microplate was the negative control (100 ul of broth), the
second was positive control (100 ul of broth + 10 ul of bacterial suspension) and the third
well was added 80 ul of broth more e 20 ul of fodder palm mucilage solution, from this well
the extract was successively diluted (serial dilution using a multichannel pipette) to the
twelfth well getting 10 concentrations, ranging from 2 000, 1 000, 500, 250, 125, 62.5, 31.25,
15.62, 7.81 to 3.9 ug/ml. One hundred microliter of the inoculum suspension was added to the
wells. Each microplate was covered and incubated for 24 hours at 37 °C. All experiments
were carried out in triplicate. For revelation of the results was utilized an indicator solution of
sodium resazurin 0.01% (20 pl). Reading the results to determine the MIC was considered as

positive for the wells that kept the blue and negative staining those obtained red.

The MBC/MFC was determined by placing the sample by means of bacteriological loop, from
each decoction concentration of the inoculum that MIC was positive. The reading was done
after incubation of the plates at 37 ° C for 24 hours, being considered MBC/MFC the plate
which did not showed microbial growth.

2.6.3. Standard drugs used for antimicrobial assay

Amoxicillin, erythromycin, ciprofloxacin and ketoconazole were used as reference antibiotics
against bacteria and yeasts, respectively. The drugs were used at the same concentrations of
the extract (2 mg/ml).

2.7 Brine shrimp lethality test (BST) with Artemia salina Leach.

The determining the bioactivity of the OFCM using A. salina L., was performed according to
Meyer et al. (1982) methodology. The brine shrimp eggs were incubated in a hatching
chamber with sea water filtered at temperatures of 20-30 °C under aeration for 48 h. After
hatching, active nauplii were separate, with the help of the Pasteur pipette, groups of 10 larvae

per test tube containing 5 ml of sea water and checked for viability. For the control, thde test
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tube containing the same volume of seawater was used and 10 living nauplii were also taken.
Tested concentrations (in quadruplicate) were 12.5, 25, 50,100, 125, 250, 500, 1000 pg/ml the
fodder palm mucilage. Every test tube with sample contained 10 larvae (nauplii) of brine
shrimp, including the control group. After 24 h of incubation, the tubes were observed using
stereoscopic microscope and the number of surviving nauplii in each vial was counted and
recorded.

The biological activity using the brine shrimp test was recorded as the concentration where
50% of the larvae were dead within 24 hours of contact with the extract: LCso below 249
ug/ml are considered highly toxic, 250-499 ug/ml as median toxicity and 500-1000 pg/ml as

light toxicity. Values above 1000 pug/ml were regarded as non-toxic. (Bussmann et al., 2011).

2.8 Statistical analysis

Means were compared by Tukey test with p < 0.05. The median lethal concentracion (LCs)
and 95% confidence intervals of the test samples were calculated using Probit analysis

method described by Finney (1971), as the measure of toxicity of the mucilage.

3. Results

3.1. Total phenolic and flavonoid contents

The amount of total phenolics and flavonoids in the OFCM are summarised in Table 1. The
total phenolic contents was 64,9 + 0.6 ug GAE/ml of OFCM. The amount of total flavonoids
assessed was 31.8 + 0.4 ug QE/ml of OFCM. These results showed that the flavonoid content
representing 50% of the total phenolics present in the Opuntia ficus indica mucilage.

Insert Table 1 here

3.2 Evaluation of OFCM antioxidant activity

3.2.1 Radical cation ABTS" scavenging activity

As shown in Table 2, the Opuntia ficus indica mucilage present antioxidant activity as a
function of time, with oxidative inhibition of 98.40 £ 0.40% after 120 min, equivalent to
TEAC of 2173.30 £ 8.8 uM Trolox. In the first six minutes already showed percentage
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inhibition of 65.93 + 2.70% already, passing to 80.05 *+ 1.24% after 15 minutes. Then it was
gradually increasing, remaining practically constant, after 120 minutes when the increase was
of approximately 100%.

Insert Table 2 here

3.2.2 DPPH radical-scavenging activity

The radical-scavenging activity of OFCM was tested using a methanolic solution of the
“stable” free radical, 2,2 diphenyl-1- picrylhydrazyl (DPPH) and compared with gallic acid
and quercetin used as standards. The analysis of Table 3 and Figure 1 showed that the free
radical scavenging (FRS) activity of OFCM, gallic acid and quercetin calculated as inhibition
percentage of the DPPH radical formation was: 64.03 + 7.8%, 89.37 + 3.5% and 89.01 *
2.3%, respectively. Figure 1 show that the free radical-scavenging activity of OFCM appeared
significantly (p < 0.05). These different values of inhibition percentage indicated that the
order of increasing antioxidant potential of DPPH radical was OFCM < quercetin < gallic
acid.

Insert Figure 1 here

3.2.3 Total antioxidant capacity

The total antioxidant capacity values expressed as mg ascorbic acid equivalent per ml of
OFCM and as mg gallic acid equivalent per ml of OFCM were: 48.4 £ 0.3% and 67.2 £ 0.4%,
respectively, presented in Table 3. The OFCM presented the highest activity when expressed
per equivalent gallic acid.

Insert Table 3 here

3.3 Evaluation of OFCM Antimicrobial activity

In the present study, the in vitro antimicrobial activity of Opuntia ficus indica mucilage
against twelve microbial strains and their potential activity were quantitatively assessed by the
MIC and MBC/MFC values. The mucilage of the investigated plant species showed in vitro
antimicrobial activities against one or more bacterial strains and the yeast species tested. The

antimicrobial activity of plant extract was compared with standard antibiotics such as
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amoxicillin, erythromycin, ciprofloxacin and ketoconazole, which were used as positive
controls. Results of the antimicrobial activity obtained is summarised in Table 4.

The data indicated that the mucilage displayed a variable degree of antimicrobial activity on
different tested strains showing activity against gram-positive and gram-negative bacteria and
the yeast tested. The inhibitory property of the extract was observed within a range of
concentrations from 3.9 to 2000 pg/ml.

Gram- positive bacteria: the Micrococcus luteus strain (ATCC 2225) was sensitive to extract
of Opuntia ficus indica with MIC of 1000 pg/ml and MBC of 2000 pg/ml. The
Mycobacterium smegmatis (71-UFPEDA) with MIC of 500 pg/ml and MBC of 2000 pg/ml.
Gram- negative bacteria: Pseudomonas aeruginosa (39-UFPEDA) and Pseudomonas
aeruginosa (Cl, 736-UFPEDA, wound Secretion-HC) both exhibited MIC of 2000 pg/ml and
did not present MBC.

The mucilage was also active against yeast tested such as: Candida albicans yeast (1007-
UFPEDA) which presented their growth inhibited with MIC: 1000 pg/ml and MFC of 2000
pg/ml.

Insert Table 4 here

3.4 The cytotoxicity assay (LCsp) using Artemia salina

The results of BST against the Artemia salina can be seen in Figure 2 showing a low toxicity
of the O. ficus indica mucilage with LCsy of 584.11 pg/ml. The toxicity began to be
significant at a concentration of 500 pg/ml. The concentrations of 500 pg/ml and 1000 pg/ml
differ statistically compared to the control. It is relevant to note that concentrations below 500
pg/ml the extract haven’t significant toxicity. The low toxicity can be considered an
interesting characteristic to use of plant extracts for medicinal purposes and in the
formulations of phytotherapics.

Insert Figure 2 here
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4. Discussion

In this study was determined the phenolic composition and antioxidant and antibacterial
activities of Opuntia ficus indica cladodes mucilage, an exotic cactaceous found in a semi-
arid region Northeast Brazil.

Plant that originates phenolics and flavonoids compounds have been reported as a scavengers
and inhibitors of lipid peroxidation (Gouthamchandra et al., 2010). The medicinal actions of
natural products mentioned above are mostly credited to their antioxidant activity and free
radicals scavenging ability.

The estimation of OFCM phenolics content was made using Folin—Ciocalteu method
described by Li et al. (2008). The OFCM exhibited a high phenolics content (64,9 + 0,6 ug
GAE/ml of OFCM) when compared with the values 41.0, 56.7 and 22.5 umol GAE/g of O.
ficus indica cladodes varieties “Copena V17, “Rojo vigor” and “Atlixco”, respectively,
cultivated in Mexico (Astello-Garcia et al., 2015). However, these values are much higher
than those reported by Lee et al. (2002) (21.75 umol GAE/g), while Santos-Zea et al. (2011)
reported very low values (1.87 umol GAE/g), that could be due to their method of sample
preparation. It is well known that chemical composition of cladodes is modified by maturity
stage, harvest season, environmental conditions, post-harvest treatment and type of species
(Guevara-Figueroa et al., 2010).

The total flavonoids content detected in OFCM was determined based on the formation of
flavonoid—aluminium complex (Lamaison et al., 1990). The amount of total flavonoids
assessed was 31,8 + 0,4 ug QE/ml of OFCM, this content appears slightly higher than that the
flavonoids content detected in O. ficus indica cladodes varieties “Copena V1, “Rojo vigor”
and “Atlixco” (17.6, 20.4 and 20.1 umol of QE/g) reported by Astello-Garcia et al., 2015.
Phytochemical analysis of O. ficus indica cladodes mucilage for flavonoids revealed the
presence of quercetin, kaempferol, and taxifolin (Stintzing and Carle, 2005). Inal and
Kahraman (2000) previously reported that quercetin proved a potential radical-scavenging
activity, based on its ability to donate electrons from their hydroxide group. Hence, the
amount of total phenolic and flavonoids contents detected in OFCM may attribute for this
extract a potential antioxidant activity.

The increased level of reactive oxygen species (ROS) can damage the structure of
biomolecules and modify their functions, leading to cell dysfunction and even to the cell

death. The Brasilian rich flora and fauna led to the formation of organisms capable of



67

producing various molecules with antioxidant action and these natural substances can be an
important strategy for control of various diseases (Mishra et al., 2012).

O. ficus indica cladodes mucilage proved to be a promising source of antioxidant compounds
as shown in Table 2 and 3. Therefore, in this study, three methods were used to measure the
antioxidant activities of OFCM: ABTS radical, DPPH radical scavenging assays and total
antioxidant activity, compared to the positive controls antioxidants (trolox, ascorbic acid,
gallic acid and quercetin).

The values of oxidative inhibition percentage the ABTS assay were expressed as trolox
equivalent antioxidant capacity. As shown in Table 2, the radical-scavenging activity of
OFCM correlated with increasing of time, where after 120 minutes the increase inhibition
percentage was of approximately 100%. According to Cardador-Martinez et al. (2011) the
cactus pear (Opuntia spp.) peel extracts cultivars Montesa and Cristalina showed TEAC of
529 uM and 430 uM, respectively after 6 min, while in this study the TEAC was much larger
(1443 uM).

The stable DPPH radical was used as a substrate to evaluate antioxidant activity of mucilage.
As shown in Figure 1, the radical-scavenging activity of OFCM was correlated with the
standards, then it can be suggested that this activity was closely related to the large phenolics
content detected in OFCM. Phenolics compound was able to liberate an electron from their
hydroxyl group and could scavenge DPPH radical (Park et al., 2004). In addition to phenolics
compounds, flavonoids are also detected and could in part contribute to the OFCM radical-
scavenging ability. Inal and Kahraman (2000) previously reported that flavonoids and
polysaccharide compounds possess a radical-scavenging activity, respectively due to their
electron and hydrogen donating ability. The OFCM inhibition percentage of the DPPH radical
formation (64.03 £ 7.8%) it was lower when compared with gallic acid (89.37 £+ 3.5%) and
quercetin (89.01 £ 2.3%). According to Alimi et al. (2010) the percentage of inhibition of
DPPH radical found in O. ficus indica f. inermis methanolic root extract was 78.01 + 4.11%,
this result, slightly higher than the one found in this study. However, extract of Opuntia
humifusa stems showed 35.5% for butanol fraction, 15.4% for water fraction, and 7.2% for
hexane fraction (Jun et al., 2013). This study demonstrate that OFCM exhibited a significant
ABTS and DPPH radical-scavenging activity and moderate total antioxidante capacity
(TAC).This activities are probably due to phenolic and flavonoids contents, detected, or added
to the effect of other unknown compounds.

Besides the health problems related to oxidative stress, there is a great concern of researchers

with infectious diseases caused by microorganisms. Infectious diseases remain a major cause
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of death worldwide. Antimicrobial resistance is a serious problem throughout the world,
which is very important and need more search for new antimicrobial agents (Miranda et al.,
2013).

Table 4 shows the antimicrobial activity of OFCM against twelve microbial strains (Gram-
positive, Gram-negative bacteria and yeast). The extracts were subjected to the determination
of MIC and MBC/MFC values. The OFCM presented the highest antimicrobial activity
against Mycobacterium smegmatis with inhibitory effect in 500 ug/ml and bactericidal effect
in 2000 pg/ml. Due to the fact that a rapidly growing organism, easily cultivatable on majority
of laboratory culture media and share the same structure of the cell wall of M. tuberculosis
and other Mycobacteria, M. smegmatis has been widely used in research as a model organism
for laboratory manipulation mycobacterial species (Danilchanka et al., 2008). This study also
showed activity against Candida albicans yeast (MIC= 1000 pg/ml and MFC= 2000 pg/ml),
which is a type of diploid fungus that causes, due course some types of oral and vaginal
infection in humans. Also, this fungus could be dangerous for patients whose health is already
weakened, such as patients in an intensive care unit. Because of these factors, Candida
albicans has aroused great interest of research in health and medicine (Rosenbach et al.,
2010).

Pereira Souza et al. (2014) conducted a study with atomized extract of O. ficus-indica
cladodes, which was not able to inhibit the bacterial growth of strains used: Escherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC 25923) and Pseudomonas aeruginosa (ATCC
27853). This result differs from the present study, where the OFCM inhibited P. aeruginosa
strain (39- UFPEDA and ClI, 736- UFPEDA) with MIC: 2000 pg/ml, but corroborates about
the lack of inhibiting the growth of E. coli and S. aureus. The lower activity of tested plants
against Gram-negative bacteria could be attributed to the presence of an extra outer membrane
in their cell wall acting as a barrier for substances including antibiotics (Zampini et al., 2009).
The action of this plant species against bacteria used in this study may be associated with the
content of phenolic compounds observed in this plant extract, inducing an effective response
across the studied microorganisms.

Several biological assays have been developed in order to be used in the monitoring of plant
extracts, among these, the toxicity on Artemia salina, which is a quick and convenient
bioassay as prior monitoring of plant extracts. By using this method, it is possible to
determine the 50% lethal concentration (LCsp) of active compounds and extracts in a saline
environment. The test allows the assessment of general toxicity and hence is considered
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essential as a preliminary bioassay in the study of compounds with potential biological
activities.

The brine shrimp lethality test with Artemia salina Leach showed a low toxicity with LCsg of
584.11 pg/ml of O. ficus indica mucilage, suggesting that it should be considered for further
pharmacological studies. This result corroborates with the study by Bussmann et al. (2011)
which showed an LCsy of 465 pg/ml from O. ficus indica ethanol extract considered as

median toxicity.

5. Conclusion

In this study, phenolic compounds, biological properties (antioxidant and antibacterial
activities) and toxicity of OFCM were determined. The OFCM exhibited a significant ABTS
and DPPH radical-scavenging activity and moderate total antioxidante capacity (TAC). The
plant showed better antibacterial activity against Gran-positive bacteria and also showed
activity against the yeast Candida albicans. These activities are probably due to phenolic
compounds contents, detected, or added to the effect of other unknown compounds. The
OFCM also demonstrated a light toxicity with LCsy of 584.11 ug/ml. From the results
obtained it possible to concluded that the studied plant is a potential source of bioactive
compounds, being promising in studies aimed to obtaining new antimicrobials and natural

antioxidants.
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Table legends

Table 1 Contents of total phenols and flavonoids in OFCM.

Table 2 Antioxidant activity of OFCM using ABTS"

Table 3 Percentage of antioxidant activity of OFCM by the method of DPPH and total
antioxidant capacity.

Table 4 The minimum inhibitory concentration (MIC) and minimum bactericidal or
fungicidal concentration (MBC/MFC) of OFCM and reference drugs tested on twelve

microorganisms.

Figure legends

Figure 1 Antioxidant activity of OFCM measured by using DPPH radical-scavenging
method. gallic acid (1 mg/ml) and Quercetin (1 mg/ml) which were used as positive control.
Each date represents the average of triplicates of different simple analyzed.* significantly
different p < 0,05.

Figure 2 Lethal cytotoxicity assay (LCsp) of OFCM against Artemia salina. (*) = showed

statistically significant differences in relation to the control.
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Table 1
Contents of total phenols and flavonoids in OFCM.
Sample Content
Total phenols Total flavonoids
(ng GAE/ml extract) (ng QE/ml extract)
OFCM 64.9+0.6 31.8+04

Values are expressed as mean = S.D of triplicate measurement.
OFCM, Opuntia ficus indica L. Mill. Cladodes mucilage.
GAE, gallic acid equivalents.

QE, quercetin equivalents.
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Table 2

Antioxidant activity of OFCM using ABTS"

Time % Inhibition TEAC (uM Trolox)
6 min 65.93 + 2.70° 1443.30 + 60.62°
15 min 80.05 + 1.24° 1761.10 + 27.94°
30 min 89.43 + 1.50° 1972.20 + 33.73°
45 min 94.02 + 0.48¢ 2075.50 + 10.72°
60 min 95.13 + 0.66% 2100.00 + 14.56%
120 min 98.40 + 0.40° 2173.30+8.80°

Mean = SD. n = 3. TEAC = antioxidant activity equivalent to Trolox. Average date with different letters are
significantly different by Tukey test (p<0.05).
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Table 3
Percentage of antioxidant activity of OFCM by the method of DPPH and total antioxidant capacity.

Sample FRS (%) TAC (%)
AsCAE GAE
OFCM 64.03 + 7.8° 48.42 +0.3 67.2+0.4
Gallic acid 89.37 3.5 ND ND
Quercetin 89.01 £ 2.3° ND ND

Values are expressed as mean + S.D of triplicate measurement. (FRS): DPPH free radical scavenging. (TAC):
Total antioxidant capacity. ASCAE: expressed as ascorbic acid equivalent. GAE: expressed as gallic acid

equivalent. ND: not determined. Average date with different letters are significantly different by Tukey test
(p<0.05).



Table 4

7

The minimum inhibitory concentration (MIC) and minimum bactericidal or fungicidal concentration
(MBC/MFC) of OFCM and reference drugs tested on twelve microorganisms.

Microorganisms

O. ficus indica MIC/MBC or
MFC (Concentration: pg/ml)

Drugs MIC/ MBC or MFC

(Concentration: pg/ml)

Staphylococcus aureus
(ATCC6538)

Micrococcus luteus (ATTC
2225)

Bacillus subtilis (16-UFPEDA)

Pseudomonas aeruginosa (39-
UFPEDA)
Mycobacterium smegmatis (71-
UFPEDA)

Enterococcus faecalis
(ATCC6057)

Escherichia coli (ATCC25922)
Serratia sp (398-UFPEDA)

Candida albicans (1007-
UFPEDA)
Staphylococcus aureus (Cl,
731-UFPEDA, wound
Secretion-HC, ORSA)

Pseudomonas aeruginosa (Cl,
736-UFPEDA, wound
Secretion-HC)

Enterobacter aerogenes (Cl,
739-UFPEDA, wound
Secretion-HC)

*/*

1000 / 2000

*/*

2000 / *

500/ 2000

*/*

*/*

*/*

1000 / 2000

*/*

2000/ *

*/*

3.9/ 124 (amoxicillin)

3.9/500 (erythromycin)

7.81/2000 (erythromycin)
3.9/ 31.25 (ciprofloxacin)

31.2 /250 (Amoxicillin)

3.9/ 250 (Amoxicillin)

3.9/7,81 (ciprofloxacin)
3.9/ 250 (ciprofloxacin)

3.9/62.5 (ketoconazole)

31.2 /2000 (amoxicillin)

31.2 /2000 (ciprofloxacin)

3.9 /125 (ciprofloxacin)

CI: Clinical isolates
HC: Hospital clinical

MIC: Minimum Inhibitory Concentration (ug/ml).

MBC/MFC: Minimum Bactericidal or Fungicidal Concentration (pg/ml).

(*) = Not MIC or MBC/MFC.



78

(%)syd

Figure 1




Figure 2

Living Brine Shrimp

Concentration (pug/ml)

* vs Control

79



80

6. CAPITULO 2

Toxicological evaluation of mucilage from fodder palm (Opuntia ficus indica L. Mill)
cladodes

C.S.Silva*?, A.D.A.Uchda®, A.R.Clark?, M.H.M.L.Ribeiro? P.G.Cadena’, M.C.B.Pimentel®":
M.P.C.Silva®”"

# Laboratdrio de Imunopatologia Keizo Asami (LIKA), Universidade Federal de Pernambuco
(UFPE), Av. Prof. Moraes Rego, S/N, 50670-901 Cidade Universitaria, Recife-PE, Brasil.

® Departamento de Bioquimica, Universidade Federal de Pernambuco (UFPE), Av. Prof.
Moraes Régo, s/n, 50780-901 Recife-PE, Brasil.

¢ Departamento de Morfologia e Fisiologia Animal (DMFA), Universidade Federal Rural de
Pernambuco (UFRPE), Av. Dom Manoel de Medeiros, s/n, 52171-900, Dois Irmaos, Recife —
PE, Brasil.

*Corresponding author

M.P.C.Silva, Departamento de Bioquimica, Universidade Federal de Pernambuco (UFPE),
Av. Prof. Moraes Régo, s/n, 50780-901 — Cidade Universitaria, Recife —PE, Brasil.
Telephone number: +55 81 2126 8484; Fax number: +55 81 2126 8485

e-mail: mariadapazc@gmail.com.br



81

Abstract

The acute toxicity test estimates the median lethal dose (LDsp) and ranks as the dangerous
toxicants, including plant extracts. The Opuntia ficus indica (Cactaceae), known as fodder
palm, is popularly employed as antitumor, antiulcer, wound healing and antioxidant activity.
Despite the use of this plant in folk medicine for several traditional communities, it is of great
importance their toxicological study. Thus this study aims to evaluate the toxicity of the O.
ficus indica cladodes mucilage (OFCM), administered by gavage, according to OECD 2001
for acute toxic dose test (Guideline 423) in male Wistar rats. The animals were divided into
two groups (09 rats/group): control group that received distilled water and experimental group
received 2000 mg/kg of OFCM. Clinical observations and individual physiological data (body
weight, water and food consumption, feces and urine production) were conducted daily.
Blood and urine were collected to measure changes. At necropsy, selected organs were
weighed and recorded, and histological examination was performed. No deaths in the animals
were observed during the 14 days experimental period. Differences in gain of weight, food
and water consumptions, urine and feces productions, hematology, biochemistry, relative
organ weight and histopathology examinations between the treated group and the control
group were not considered as treatment-related because they showed no apparent dose
dependent. From these results, it is possible to conclude that the LDsy, of OFCM is higher than
2000 mg/kg in male Wisar rats, demonstrating reduced potential for acute toxicity.

Keywords: acute toxicity test; Opuntia ficus indica; Wistar rats; median lethal dose (LDsp)

1. Introduction

Over the last two decades, the use of herbal remedies has expanded globally and traditional
medicine has become very popular. According to the World Health Organization, about 80%
of the world population, especially in developing countries, relies on plants for their health
care (World Health Organization, 2008). This increasing growth in popularity is not only due
to poverty and lack of access to the conventional medicine, but also to some untested
assumptions such as drug resistance in several common diseases, undesirable side-effects of

synthetic drugs and the general dissatisfaction of orthodox treatment (Ateba et al., 2014).
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Many of the plants used in folk medications have been shown to be effective by the standards
of modern science (Lahlou, 2007).

In addition, the belief that herbal drugs are safe and free from side effects because they are
“‘natural’> encourages the general public to adopt crude extracts for self-medication.
However, there is a lack of data for many plants to guarantee their quality and safety
(Markman, 2002). Currently the side effects of synthetic chemical drugs are an increasing
concern in society; thus, there is growing interest in natural products, and scientific studies are
being actively conducted on traditional herbal medicines (Shin et al., 2013).

Although shown biological activity of the herbal by communities, are made necessary largest
studies of its toxic and medicinal activity, so that in this way, it is possible to design and
develop new drugs produced through natural products as well, their consumption safely by
population (Gongalves, 2014).

Opuntia ficus indica (L.) Mill., commonly known in Brazil as “palma forrageira” or fodder
palm (prickly pear or Indian fig in English), is a cactus native to arid Mexico, which has been
disseminated in Central and South America as well as South Africa and throughout the
Mediterranean region (De Leo et al., 2010). It is estimated in Northeast Brazil, approximately
500 000 cultivated hectares of this cactus (Oliveira, 2011).

The main constituents of the O. ficus indica cladodes are complex carbohydrates (eg, soluble
fiber, cellulose, mucilage) (Trombetta et al., 2006) and the presence of uronic acid (Ribeiro et
al., 2010). Also present in its composition glycoproteins (Schaffer and Nanney, 1996),
aromatic compounds (particularly pigments as betacyanin and betaxantinas), polyphenols (in
particular some flavonoids, such as quercetin, kaempferol, taxifolin (Stintzing and Carle,
2005). Still have some classes of lipids (fatty acids and sterols), glutathione, C and E
vitamins, carotenoids (Panico et al., 2007) and minerals (Malainine et al., 2003). They are
used in folk medicine for antiulcer, wound healing (Park and Chun, 2001), antitumorl (Zou et al.,
2005) and antioxidant activities (Tesoriere et al., 2004).

Cladodes from Opuntia ficus indica are autochthonous Mexican foods, and are notable for
their high calcium and fibre content (Ramirez-Moreno et al., 2013), in Brazil, in some
municipalities of Bahia and at the Chapada Diamantina, the cladode participates of the
population’s diet (Chiacchio, 2008). According Ramirez-Moreno et al. (2015) the substitution
of 6 % maize flour with dried cladodes increased soluble fibre and calcium contents, and
improved calcium intestinal absorption (bioaccessibility 48 %). In general, Opuntia cladodes
may be considered as a good source of fiber, and their consumption as a vegetable might also

meet the daily dietary requirements of K, Ca, and Mn (Astello-Garcia et al., 2015).
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Despite the use of this plant in folk medicine for several traditional communities, regardless
of pharmacological results, it is of great importance their toxicological study. Therefore this
study aims to evaluate the toxicity of the O. ficus indica cladodes mucilage, according to the
Acute Toxic Class Method (OECD 2001) for acute toxic dose test (Guideline 423) in male
Wistar rats. The results of this study will provide an important reference for further clinical

trials as a medication or usage as a food supplement for humans.

2. Materials and methods

2.1 Plant material and preparation of the mucilage

Opuntia ficus-indica (fodder palm) used to produce mucilage (tertiary and quaternary
cladodes) was collected in April/2011, in the Experimental Station of the Agricultural
Research Institute (IPA) of Caruaru city in the semiarid region of Pernambuco State in the
Northeast of Brazil. The cladodes without thorns were washed in distilled water, cut in small
pieces (about 5 cm) and crushed in industrial blender for 15 min and filtered in gauze. The

supernatant was separated and called OFCM. To conduct the study mucilage was lyophilized.

2.2 Experimental animals and housing conditions

Wistar albinus rats (Rattus norvergicus), 18 males with 322.9 + 37.6 g and 2 to 3 months of
age from the Animals House of the Nutrition Department, Universiade Federal de
Pernambuco, were used. The animals were transferred to the bioterium of the Laboratério de
Imunopatologia Keizo Asami (LIKA) and kept in quarantine for one week at room
temperature (22 + 3°C) and 12 h light/dark photoperiod, when it was performed ectoparasites
control with bath Amitraz and endoparasites control with 4% Albendazole suspension in the
drinking water, single dose, regardless the procedures performed in the bioterium origin. The
animals were provided with standard laboratory diet (Labina®) and water ad libitum will. All
procedures related to the use of animals as experimental models were performed according to
the standards established by the Colégio Brasileiro de Experimentacdo Animal - COBEA. The
research project was submitted to the Ethics Committee of Animal Experimentation of the
UFPE and approved under process number: 23076.036962/2012-61
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2.3 Acute oral toxicity study in rats

2.3.1 Experimental design

This study is according to Acute Toxic Class Method (OECD, 2001) for acute toxic dose test
(Guideline 423). OECD guide sets out 4 dose levels (5, 50, 300 and 2000 mg/kg). The initial
dose selected from the fixed dose was the one most likely to produce mortality. In this
experiment, the tests were started with the dose of 2000 mg/kg, because it is a plant extract
already used by the population, occurring the death of 0-1 animal until the 14th day, the dose
IS repeated in three other animals. If more than one animal died, sequential administer smaller
doses to enable the estimation of an LDs range according the Globally Harmonised System
(GHS) standards, providing classification for toxicological class of the administered
substance.

Prior to administration, animals were marked, fasted 12 h overnight (animals had water but
not food) and weighed. The tests were performed in two groups with 09 rats each (realized in
triplicate with 03 animals in each repetition): a control group (CG), receiving distilled water
(1 ml) and the experimental group (GE) receiving the dose of 2000 mg/kg of OFCM (1ml)
administered once by oral gavage. After dosing, food was withheld for a further 3-4 h and the
animals were observed periodically during the first 24 hours after administering the mucilage
and then once a day for 14 days, during this period the rats remained in metabolic cage. On 15
day, all the animals were weighed anesthetized (ketamine + xylazine association) the blood
collected by cardiac puncture and euthanized subsequently intra-peritoneal administration of
thiopental sodium (100 mg/kg). Their vital organs were observed individually and made the

macroscopic and histopathological analyzes.

2.3.2 Evaluated parameters

2.3.2.1 Hippocratic screening

After dosing the animals were observed individually during the first 30 min, then 2, 4, 6 h
after treatment, and thereafter daily for a total of 14 days. The five parameters of the
hippocratic screening (Malone and Robichaud, 1962): conscious state (general activity);
activity and coordination of motor system and muscle toning (response to tail touch and grip,

straightening, strength to grab); reflexes (corneal and headset); activities on the central
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nervous system (tremors, convulsions, straub, sedation, anesthesia and ataxia) and activities
on the autonomic nervous system (lacrimation, cyanosis, ptosis, salivation and piloerection)

were analyzed .

2.3.2.2 Physiological informations

Individual physiological data (body weight, water and food consumption, feces and urine
production) were observed daily and recorded during the 14 day study. Animals were allowed

access to food throughout the study without any limit.

2.3.2.3 Urine examination

During of the 14th day period, each rat was placed in a metabolic cage to collect urine, every
24 hours. Urine color was observed and urine volume was recorded. Urine pH, specific
gravity (USG), glucose, protein, bilirubin, urobilinogen, ketones, nitrite, blood and leucocytes

were analyzed by using a Uriscan® 11 strip (YD Diagnostics, Republic of Korea).

2.3.2.4 Hematology and serum biochemistry

Hematological and biochemical studies were determined using standard clinical procedures.
After 12 h overnight fasting, the rats were anesthetized and blood samples were collected in
two stages: before the oral administration of the OFCM (retro-orbital plexus puncture) and at
the time of euthanasia via cardiac puncture.

Blood samples were collected in Vacutainers tubes containing anticoagulant ethylene diamine
tetraacetic acid (EDTA) and hematological tests, which included White blood cell count
(WBC), red blood cell count (RBC), Hemoglobin (HBG), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), platelet (PLT) count, lymphocytes (LYM), monocytes
(MONO), Neutrophils (NEUT), eosinophils (EO) and basophils (BASO) were performed with
an automatic cell counter (XT- 1800i, Sysmex, Japan).

For biochemical analysis, blood, without anticoagulant, was centrifuged at 3000 g for 10 min
at 4 °C. Serum was separated and stored at 20 °C until analysis. glucose (GLU), total
cholesterol (TC), high density lipoprotein (HDL), triglyceride (TG), Creatinine (CREA), Urea
(URE), Uric acid (URI AC), total bilirubin (T-BIL), Direct bilirubin (D-BIL), Indirect
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bilirubin (I-BIL), Alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), Amylase (AMY), albumin (ALB), total protein (TP), Lactate
dehydrogenase (LDH), Very low density lipoprotein (VLDL) and low density lipoprotein

(LDL) were analyzed using an automatic chemical analyzer (Respons®920, Diasys).

2.3.2.5 Macroscopic examination and organ weights

All rats were humanely sacrificed at the end of the test, and a complete necropsy was
conducted on all animals. The criteria of gross pathological examination were based on the
position, shape, size, color, and consistency of the organs. Gross lesions were examined from
all animals in all groups. Some vital organs, including liver, kidneys and spleen, were
removed and weighed. Paired organ was weighed together. The absolute organ weights were
converted to relative organ weights based on the organ-to- body weight ratio. The mass
calculation concerning organ of each animal was performed by dividing the weight of each
body (g) the body weight of each animal on the collection day, and multiplying the result by
100. The result was expressed in g/100 g body weight.

2.3.2.6 Histopathological analysis

At the necropsy time, the following tissues and organs were collected for histopathological
analysis from all animals in the vehicle control (distilled water) and 2000 mg/kg OFMC-
treated groups: liver and kidneys. The organs were fixed in 10 % formalin, dehydrated in
ethanol and clarified in xylene. After processing, the tissues were embedded in paraffin and
then sectioned to a thickness of 5 um and stained with hematoxylin and eosin (HE) for
microscopic examination.

The tissues were examined under a microscope in a random order and blind to the original
animal or group. The main purpose of the histopathologic examination was to evaluate the
integrity of tissue excised organs, research with the main parameters as reversible cell damage
(degeneration) and irreversible (necrosis and apoptosis), leukocyte infiltration, congestion,

and fibrosis of blood extravasation.
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2.3.3 Statistical analysis

Histological scores comparison between experimental and control groups (EG and CG) was

performed by Mann Whitney U test. Significance was set at p<0.05.

3. Results

3.1 Acute toxicity study

All the male rats in control group and OFCM-treated groups survived the 14-day observation
period. The extract of OFMC did not cause mortality in any rats. During the acute experiment,
no animals showed abnormal behavioral changes, being found by the hippocratic screening
(Table 1), mild drowsiness or state of moderate consciousness during the first 1 hour,
normalizing after 4 hours. Urine production was observed after 2 hs experiment. It can be
observed that the feces production to zero was reduced in the first two hours, normalizing
later. No sign of tremors, convulsion, straub and ataxia were observeds in both groups (CG
and EG). In general, animals from all treatment groups appeared healthy at the conclusion of
the study period.

Insert Table 1 here

3.2 Physiological information

Figure 1 showed the mean body weights of male rats. Compared with the control group
(distilled water), male rats of 2000 mg/kg OFMC treatment group did not present significant
body weight gain during the 14 days. No significant differences in Wistar rats were observed
among of the OFCM-treated group when compared with control group.

As shown in Table 2, male rats of 2000 mg/kg OFCM-treated group no significant differences
in daily food and water consumptions and urine and feces productions compared with control
group. However, there is a tendency of the control group (GC) animals show food intake and
urine and feces productions medium per day, greater than EG (20.3 £+ 5.8 g, 10.0 £ 4.7 ml and
115 + 4.3 g, respectively). Another noticeable trend no statistically significant was the
highest average daily consumption of water occurred in the animals that received the dose of
2000 mg/kg OFCM-treated (28.4 + 10.7 ml).

Insert Figure 1 here

Insert Table 2 here
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3.3 Urine examination

Urinary analysis did not reveal any significant changes in the male rats following the
administration of OFCM at dose of 2000 mg/kg (data not shown). Although an increase in
protein excretion and presence of a positive nitrite was noted in some of the treated rats (both
CG and EG), these changes did not occur in a dose-dependent manner and were considered to

be unrelated to the treatment.

3.4 Hematological analysis

Almost all the hematological results of the treated groups showed no significant differences
with the control group (Table 3). The amount of platelets was the only hematological
parameter that showed a significant difference compared before and after using of distilled
water-control group (396.9 + 268.7 and 782.8 + 346.0 10%/ul, respectively). The other
parameters the CG did not show statistically significant differences. The OFMC-treated group
showed a significant decrease in total leukocytes and monocytes when compared to using
before and after with the dose of 2000 mg/kg (11.7 + 3.8 and 7.7 + 3.2 10%/ul; 6.3 + 1.4 and
4.8 £ 2.3 %, respectively).

Insert Table 3 here

3.5 Biochemical analysis

Serum biochemistry analysis data are shown in Tables 4. A significantly increase in blood
glucose level was observed at the OFCM dose tested. Since an increase in blood glucose was
also observed in the control group at the end of the 14-day experiment, this rule out a
hyperglycaemic effect of the plant extract. In EG, the levels of CREA, URE and URI AC
significantly decreased at the dose of 2000 mg/kg of OFCM , in CG, the levels of URE, URI
AC, AST and LDH also was decreased with the use of distilled water after 14 days. In
comparison to using before and after of OFCM and distilled water, the other serum
biochemistry parameters were not changed significantly after the experiment period.

Insert Table 4 here

3.6 Macroscopic examination and relative organ weights

After 14 days of treatment with OFCM, gross examination of the vital organs (liver, kidneys

and spleen) of all rats revealed no detectable abnormalities. Relative weights of the organs did
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not have statistically significant difference between the animals treated with distilled water
(CG) and OFCM-treated (EG) at the end of the experimental period (Table 5).

Insert Table 5 here

3.7 Histopathology

Histopathological examination of the organs (liver and kidneys) did not show any abnormal
findings (Figure 2 and 3). Therefore, these results indicate that the oral administration of
OFCM for 14 days did not have toxic effects on the rats.

Insert Figure 2 here

Insert Figure 3 here

4. Discussion

In the present study, acute toxicity of mucilage from O. ficus indica cladodes was performed
in order to evaluate the safety of this widely used medicinal plant. OFCM was orally
administered single at dose of 2000 mg/kg body weight to male Wistar rats. Mortality, clinical
signs, and body weight changes were observed for 14 days after administration. No deaths in
the animals were observed during the experimental period. No test substance-related effects
were evident with regard to clinical signs, body weight changes, and necropsy findings in the
two groups. Thus, according to the oral acute toxic class method used in this experiment
(OECD, 2001) OFCM is classified in category 5 in the Globally Harmonized Classification
(GHS) for chemical substances and mixtures as well as its LDsy was estimated higher than
2000 mg/kg, hence considered as low toxicity.

Only in exceptional cases that there is justification for the use of the dose of 5000 mg/kg
(OECD, 2001; BRAZIL, 2004). Even the 423 guide does not recommend the realization of
the acute toxicity test using a dose of 5000 mg/kg, in order to protect the animal life and
because of technical difficulties solubilization and administration, unless such a test is needed
in a study to ensure the quality of human health. The cladodes from Opuntia ficus indica are
already used by the population for many years, even to human food. For this reason, it was
resolved, not to test the maximum dose, because is not an absolute necessity, making the very
good results.

The hippocratic screening is a preview test used to verify and assess the pharmaco-
toxicological operation of the test substance (Cunha et al, 2009). The OFCM demonstrated



90

influence the overall activity and consciousness of the animals, which were quieter during the
first hours of observation. The plant had no effect on motor coordination or reflexes, and does
not influence other physiological activities related to central nervous system (such as tremors,
convulsions, straub, hypnosis, anesthesia) or with autonomic nervous system (as lacrimation,
breathing, cyanosis, ptosis, salivation, urination, defecation, hypothermia). The lack of
agitation in the first hour can be related to satiety, normal physiological response of the
animal to the administration of the plant by gavage.

Body weight change is often the first sign of toxicity, it is an important parameter for the
evaluation of the substance effects on experimental animals (Liju et al., 2013). However, there
were no significant changes in body weight in the OFCM-treated group compared with the
control group throughout the study (Figure 1), as also the male rats exposed presented no
significant differences in food and water consumptions, urine and feces productions compared
daily with control group (Table 2). Thus it could suggest that at the acute oral administered
did not present effect on the normal growth of rats.

The kidney and liver are major internal organs in the body that have several important
functions (Worasuttayangkurn et al., 2012). To evaluate the symptoms of disorder in these
organs, various hematological and biochemical parameters were assessed in male rats.

In hematology analyses, the changes observed in OFCM-treated group, including the
significant decrease of the total leukocytes and monocytes when compared to using before
and after the dose of 2000 mg/kg, were assumed to be toxicologically irrelevant because they
were within normal physiological ranges (Harkness and Wagner, 1993; Cubas et al., 2007),
and the alterations were very slight changes and not dose-related. According Ateba et al.
(2014), flavonoids and quercetin, present in the tested extract, can induce the decrease of
monocytes. The presence of these compounds might explain the decrease of monocytes
observed after OFCM treatment. The increase amount of platelets was the only hematological
parameter that showed a significant difference compared to using before and after of distilled
water-control group. No statistical differences were observed for any of the other parameters
(i.,e. RBC, HGB, HCT, MCV, MCH, MCHC, NEUT, EOS, and BAS) examined in
hematology analyses. Thus, the results suggested that OFCM had no effects on the circulating
blood cells or on their production.

Clinical biochemistry determinations to investigate major toxic effects in tissues and,
specifically, effects on kidney and liver, should be performed under certain circumstances
may provide useful information. Some enzymes can be used as indicative of hepatocellular

effects; the increases in the levels of AST, ALT and ALP in the serum are associated with
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liver toxicity by drugs or any other hepatotoxin (Ramaiah, 2011). However, ALT is more
specific to liver and thus a better parameter for detecting liver injury as AST is also associated
with diseases of other organs such as heart and muscle (Ozer et al., 2008). ALP is an enzyme
in the cells lining biliary ducts of the liver that has been used to diagnose biliary obstruction
(Ozdil et al., 2010). In this study, acute exposure of rats to OFCM at dose of 2000 mg/kg,
there was no significant change in the levels of AST, ALT and ALP. These suggest that the
extract may haven’t liver toxicity.

Besides, bilirubin is a breakdown product of hemoglobin and is associated with hepatic
diseases like jaundice and ineffective erythropoiesis and increased bilirubin levels reflect the
depth of jaundice (Thapa and Walia, 2007). In this study there wasn’t significant change in
the levels of serum bilirubin and albumin of both the treated and control rats. This suggests
that the extract did not present toxic effect on the erythropoietic system as reported earlier in
hematological parameters.

According to Mukinda and Eagles (2010) urea and creatinine are considered as important
markers of kidney dysfunction. Urea, which is the end product of protein metabolism, is
mostly synthesized in the liver. Lower-than-normal levels of urea may indicate impaired
kidney function (Sireeratawong et al., 2008). The serum creatinine level is a good indicator of
renal function since any elevation of serum levels is associated to a marked failure of
nephrons function (Lameire et al., 2005). The data obtained in this study indicate a decrease
in blood urea in the male rats treated with OFCM at doses of 2000 mg/kg. However, this
reduction in urea levels did not greatly fluctuate from normal background levels, and the
CREA levels also showed significantly decreased in the group treated with OFCM as well
also to the control group. These suggest that the extract may have no liver toxicity.

On day 14, there was a significant increase in the mean glucose level of the treated and
control rats. However, this result observed in both groups, can rule out a dose-related and
hyperglycaemic effect of the plant extract. According to several studies (Fratimunaria et al,
1988; Yeh et al, 2003; Yang et al, 2008; Najm and Desiree, 2010 and Andrade-Cetto and
Wiedenfeld, 2011) the Opuntia cladodes have been appreciated for its physiological benefits
in glucose metabolism with hypoglycemic effects related.

In the evaluation of relative organ weight test, did not have statistically significant difference
between the animals treated with distilled water (CG) and OFCM-treated (EG) at the end of
the experimental period (14 days). The assessment of pathological changes in the organs of
treated animals, both macro and microscopically, is the basis of a safety assessment (Prabu et
al., 2013). In this study, the macroscopic analysis, the OFCM at dose of 2000 mg/kg, did not
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produce any change in the treated animals’ vital organs in the qualitative analysis. Similarly,
in the histopathological analyses there were no findings suggestive of toxic effects (Figure 2
and 3). These results proved to be consistent with biochemical analyses, confirming the safety
of using the OFCM.

5. Conclusion

In conclusion, the present investigation provides valuable information on the acute toxicity
profile of oral use of mucilage from O. ficus indica cladodes. Based on the toxicological
parameters evaluated in this current study, we conclude that OFCM did not induce mortality
nor any toxicological signs in the main organs of rats analysed. The LDsy for oral
administration the OFCM was estimated to be greater than 2000 mg/kg can be classified into

the Class 5 toxicity according to the GHS, being considered to have low toxicity.
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Table legends

Table 1 Acute oral toxicity of Opuntia ficus indica cladodes mucilage in Wistar rats.

Table 2 Water consumption, food intake and urine and feces production of rats treated orally
with Opuntia ficus indica cladodes mucilage.

Table 3 Hematological parameters of rats treated orally with Opuntia ficus indica cladodes
mucilage.

Table 4 Biochemical parameters of rats treated orally with Opuntia ficus indica cladodes
mucilage.

Table 5 Relative organ weights of male rats treated orally with Opuntia ficus indica cladodes

mucilage.

Figure legends

Figure 1 Mean body weight of male Wistar rats treated orally with Opuntia ficus indica
cladodes mucilage for toxicological assessment. “p < 0.05 compared with the control group
(distilled water). Values expressed as mean + SD, n= 9 animals/ group.

Figure 2 (A and B) Photomicrograph of kidney section from experimental group (OFCM-
treated) on day 14 of acute toxicity test showing apparently normal glomerulus (G) and renal
tubules with tubular epithelial cells (arrow). HE (x100, x400, respectively). (C and D)
Photomicrograph of kidney section from control group (distilled water) after 14 days also
showing the glomerulus (G) and renal tubules with tubular epithelial cells (arrow). HE (x100,
x400, respectively).

Figure 3 (A and B) Photomicrograph of liver section from experimental group (OFCM-
treated) on day 14 of acute toxicity test showing tissue integrity and hepatocytes (h). HE
(x100, x400, respectively). (C and D) Photomicrograph of liver section from control group
(distilled water) after 14 days also showing tissue integrity and hepatocytes (h). HE (x100,
x400, respectively).
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Table 1
Acute oral toxicity of Opuntia ficus indica cladodes mucilage in Wistar rats.
Group Rat Effects
Sex Behavioral alterations/toxicity symptoms  Death/treated rat
CG (distilled water) M Piloerection, mild drowsiness or state of 0/9
moderate consciousness during the first
hour.
EG (2000 mg/kg) M Piloerection, mild drowsiness or state of 0/9

moderate consciousness during the first
hour, urine production (2 hs).

Parameters related to screening hippocratic. The Opuntia ficus indica cladodes mucilage, dissolved in distilled
water was administered as single oral doses to group with 09 rats (realized in triplicate with 03 animals in each
repetition). The control received distilled water by gavage. All animals were carefully examined for adverse
effects (behavioural alterations/toxicity symptoms) for 14 days. M: male. CG: Control Group. EG: Experimental
Group.



Table 2

Water consumption, food intake and urine and feces production of rats treated orally with Opuntia

ficus indica cladodes mucilage.

Groups Parameters U - value p - value
Water consumption (mL)

CG (distilled water) 26.9+9.7 119 0.34583
EG (2000 mg/Kg) 28.4+10.7

Urine production (mL)
CG (distilled water) 10.0+4.7 116.5 0.40801
EG (2000 mg/Kg) 9.7+ 4.4

Food Intake (g)
CG (distilled water) 20.3+5.8 96 0.94504
EG (2000 mg/Kg) 19.4+538

Feces production (g)
CG (distilled water) 115+43 146 0.02890

EG (2000 mg/KQ)

9.5+3.0

The values are expressed as means + SD (n = 9 animals/group). * Significant differences between control and
experimental groups by Mann Whitney — U test. Significance was set at p<0.05



Table 3

Hematological parameters of rats treated orally with Opuntia ficus indica cladodes mucilage.

99

Hematological

CG (distilled water)

EG (2000 mg/Kg)

parameters Before after U-Value p-Value before after U-Value p-Value
RBC (106/ml) 8.6x15 7.8+18 51 0.37698 8.2+28 8.7£0.9 46 0.65884
HGB (g/dL) 143+£19 133+3.1 50.5 0.40032 13.6+£4.8 146+1.6 44 0.79055
HCT (%) 445+ 6.6 412 £ 8.7 54 0.25100 415+135 449+43 40.5 1.00000
MCV (f) 52.8 +£3.3 53.0+24 36 0.72366 514+34 51.7+1.8 31 0.42606
MCH (pg) 17.0+0.9 17.0+0.8 43 0.85975 16.0+24 16.7+0.6 39 0.92953
MCHC (g/dl) 32.3+0.8 320+1.3 46 0.65802 31457 324+16 475 0.56539
PLT (103/M1) 396.9 + 268.7* 782.8 £ 346.0* 15 0.02728 299.6 £ 366.8  813.0 £466.2 18 0.05206
WBC (103/M1) 99+34 6.5+3.7 60 0.09340 11.7 + 3.8* 7.7 £3.2* 64 0.04226
NEUT (%) 18.7+2.6 20.1+4.4 31 0.42654 17958 20959 25 0.18510
LYM (%) 70.3+6.4 70.7 £10.5 34 0.59548 73.6+£6.5 70.8 £7.6 50.5 0.40130
MONO (%) 6.3£1.0 6.8+7.0 56.5 0.17088 6.3+ 14* 48+ 2.3* 63.5 0.04672
EO (%) 46+5.0 2421 51.5 0.35309 20+1.2 36+39 35.5 0.69095
BASO (%) 01+0.1 0.0+0.0 58.5 0.05880 0.1+0.1 0.0+0.1 57 0.11834

The values are expressed as means + SD (n = 9 animals/group). * Significant differences between control and experimental groups by Mann Whitney — U test. Significance
was set at p<0.05
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Table 4
Biochemical parameters of rats treated orally with Opuntia ficus indica cladodes mucilage.
Biochemical CG (distilled water) EG (2000 mg/Kg)
parameters Before after U-Value p-Value before after U-Value p-Value
GLU (mg/dL)  137.9+29.4* 246.9 £ 89.0* 5 0.01128 171.0 £ 26.7* 246.4 £ 70.9* 7 0.02156
TC (mg/dL) 66.3+13.0 67.0+13.1 31 0.67972 62.2 +8.6 62.3+9.0 26.5 1.00000
HDL (mg/dL) 52.1+11.9 40.2+104 41 0.11161 50.7+11.8 395+£51 41 0.11161
TG (mg/dL) 64.4 £ 27.2 76.6 £ 26.8 19 0.37676 61.0+ 313 62.4 £33.3 28 0.95301
CREA (mg/dL) 09+04 14+17 36 0.31647 1.1+0.4* 0.5+0.3* 50 0.00790
URE (mg/dl) 52.6 £ 7.6* 39.0£5.2% 50 0.00801 56.0 £ 8.9* 39.5+4.1% 54 0.00179
URI AC 21+£0.7* 1.3+£04* 445 0.04494 25+0.7* 1.8+0.8* 44 0.05162
(mg/dL)
T-BIL (mg/dL) 0.16+0.1 0.15+0.1 29.5 0.81334 0.17+0.1 0.13+£0.0 34 0.44202
D-BIL (mg/dL) 0.08+£0.0 0.05+0.0 40.5 0.12178 0.06 £0.0 0.07+£0.0 17.5 0.28275
I-BIL (mg/dL) 0.08+£0.0 0.10+0.0 19 0.36939 0.11+0.1 0.06 £ 0.0 34 0.44037
ALT (U/L) 79.1+14.0 70.2 +16.8 40 0.14071 83.9+17.2 66.1 +13.6 42 0.08748
AST (U/L) 2655+ 65.5* 207.7 £43.6* 44 0.05162 216.1 £8.9 210.5+£32.3 26.5 0.64037
ALP (U/L) 233.1+76.1 248.8 + 162.8 29 0.85968 358.3+87.0 352.8 £ 542.5 45 0.03917
AMY (U/L) 14718 + 1677.2 £ 381.0 21 0.51687 1463.1 + 1660.1 + 26 0.95301
509.3 615.0 255.0
ALB (g/dL) 3.7+0.1 3.9+£0.3 14.5 0.15693 3.7+£0.2 3.7+£0.2 30.5 0.72344
TP (g/dL) 7.9+05 7215 38 0.21592 84+04 7.8+0.8 42 0.08748
LDH (U/L) 41795+ 26454 + 47 0.02156 31826 + 30779 = 28 0.95301
669.1* 1099.1* 709.1 1186.4
VLDL (mg/dL) 13.0£54 15654 17.5 0.28755 12.3+6.2 12.4+6.7 28 0.95289
LDL (mg/dL) 5077 11.9+5.8 14 0.13321 6.3+£7.0 108+ 7.9 16.5 0,23309

The values are expressed as means + SD (n = 9 animals/group). * Significant differences between control and experimental groups by Mann Whitney — U test. Significance

was set at p<0.05
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Relative organ weights of male rats treated orally with Opuntia ficus indica cladodes mucilage.
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Groups

Value U - value p - value

CG (distilled water)
EG (2000 mg/KQ)

CG (distilled water)
EG (2000 mg/KQ)

CG (distilled water)
EG (2000 mg/KQ)

Liver (%)

3.42+£0.30 27 0.17349
3.14+£0.19

Kidneys (%)
0.80 £ 0.06 25 0.29795
0.78+0.17

Spleen (%)
0.30+£0.05 23 0.47117
0.28 £0.03

The values are expressed as means + SD (n = 9 animals/group). * Significant differences between control and
experimental groups by Mann Whitney — U test. Significance was set at p<0.05
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Figure 2.
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Figure 3.
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7. CONCLUSOES

No presente trabalho a mucilagem a partir de cladddios de Opuntia ficus indica apresentou
atividade antioxidante pelos métodos utilizados: ABTS, DPPH e capacidade antioxidante
total, resultados estes, que ocorrem principalmente pela presenca de compstos fendlicos

(polifendis, flavonoides) dectados nesta planta.

A mucilagem de palma forrageira apresentou atividade antibacteriana contra bactérias gram-
positivas (Micrococcus luteus e Mycobacterium semegmatis), gram-negativas (Pseudomonas
aeruginosa- ATCC e de secrecdes de feridas) e levedura (Candida albicans), tornando esta
planta uma opcéo para formulacdo de farmacos contra estes micro-organismos.

O resultado da toxicidade letal usando Artemia salina mostrou uma CLsp de 584,11 pg/ml,
sendo considerada de baixa toxicidade, 0 que sugere que esta planta pode ser utilizada para
fins medicinais e nas formulacGes de fitoterapicos.

Para determinacdo da toxicidade aguda foram utilizados ratos Wistar machos, que receberam
por via oral a dose Unica de 2000 mg/kg da mucilagem de palma forrageira sendo avaliados
por um periodo de 14 dias. Com base nos parametros toxicoldgicos estudados, conclui-se que
a mucilagem ndo induziu mortalidade nem quaisquer sinais toxicol6gicos nos principais
6rgdos dos ratos. A DLsp foi estimada como sendo maior que 2000 mg/kg (Classe 5 de
toxicidade, segundo o Globally Harmonized System — GHS), demonstrando reduzido

potencial de toxicidade aguda.
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8. PERSPECTIVAS

A mucilagem de Opuntia ficus indica é uma potencial fonte de compostos bioativos, sendo
promissores em estudos e visando a obtencdo de novos agentes antimicrobianos e

antioxidantes naturais com baixo efeito toxico.

Considerando-se a necessidade da busca de novos compostos de interesse medicinal e os
promissores resultados mencionados pela sabedoria popular e pelo presente estudo, O. ficus

indica mostrou ser uma espécie promissora e com grande potencial tecnoldgico.



