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RESUMO

As plantas do género Bauhinia (Familia Fabaceae) sdo encontradas na Africa, Asia bem
como América Central e do Sul. No Brasil, elas sdo conhecidas como “pata-de-vaca“ e as suas
folhas sdo usadas popularmente em forma de cha (infusdo) para o tratamento de diabetes,
como anti-inflamatorio e como analgésico. Dentre diversos compostos purificados de plantas
estdo as lectinas, as quais sdo proteinas ou glicoproteinas que se ligam a carboidratos, por
reconhecimento especifico e reversivel. Das folhas da espécie Bauhinia monandra foi
purificada uma lectina galactose especifica (BmoLL, B. monandra Leaf Lectin) através de
cromatografia de afinidade em gel de guar. Diante das atividades descritas para as lectinas e
do uso das plantas do género Bauhinia na medicina popular, foi levantada a hip6tese de que as
atividades bioldgicas relatadas pela populacdo B. monandra tém como principio ativo a
lectina BmoLL. Desta forma o objetivo do presente estudo foi investigar propriedades
toxicoldgicas, hipoglicemiante, anti-inflamatoria e antinociceptiva da lectina. BmoLL ndo
apresentou toxicidade para camundongos, uma vez que nao induziu a morte nem perda de
peso a 2000 mg/kg. Além disso, ela ndo afetou a sobrevivéncia de Artemia salina nas
concentracdes testadas (250-1.000 pg/mL). A atividade hipoglicemiante da BmoLL foi
avaliada utilizando em camundongos NOD (non obese diabetic) como modelo experimental.
Camundongos NOD diabéticos foram tratados com BmoLL (60 mg/kg/dia) por administracao
intraperitoneal durante 21 dias. O efeito da lectina foi comparado com os dados obtidos para
um grupo diabético ndo-tratado e e um grupo ndo-diabético (normoglicémico). No final do
experimento, os animais tratados com BmoLL exibiram uma redugdo do nivel de glicose no
sangue (de 307,5 + 83,3 mg/dL para 137,5 = 68,3 mg/dL), atingindo valores semelhantes ao
do grupo normoglicémico (110,5 + 16,7 mg/dL). O grupo diabético ndo-tratado apresentou
concentracdo de glicose sanguinea >500 mg/dL. Além disso, as concentra¢des de triglicéridos
e VLDL-colesterol no sangue foram significativamente reduzidas (p<0,05) pelo tratamento
com BmoLL, em comparacdo com os animais diabéticos nao tratados. Para avaliacdo da
atividade antiinflamtéria, foi realizado primeiramente o método de edema de pata induzido
por carragenina. BmoLL reduziu a inflamacdo significativamente (p<0,05) em 47% (30
mg/kg) e 60,5% (60mg/kg). O grupo controle, tratado com acido acetilsalicilico, apresentou
70,5% de reducdo. Na avaliacdo da atividade atiinflamatdria por ensaio de peritonite, a
migracdo de leucdcitos foi significativamente reduzida (p<0,05) no grupo tratado com
BmoLL, sendo o resultado semelhante ao obtido com grupo tratado com &cido acetilsalicilico.
Na avaliacdo da atividade antinociceptiva BmoLL, os tratamentos com doses de 15, 30 e 60
mg/kg reduziram significativamente (p<0,05) o nimero de contor¢des abdominais (induzidas
por acido acético) em 43,1%, 50,1% e 71,3%, respectivamente. No ensaio de placa quente, a
BmoLL em doses de 30 e 60 mg/kg, mostrou um efeito antinociceptivo significativo (p<0,05).
Em conclusdo, BmoLL € uma molécula interessante para ser estudada mais profundamente
quanto a suas aplicacdes farmacoldgicas, desde que ndo apresentou toxicidade aguda para
camundongos e demonstrou as atividades hipoglicemiante, anti-inflamatéria e
antinociceptiva, ndo apresentou toxicidade para A. salina nem para camundongos.

Palavras-Chave: Bauhinia monandra, lectina, toxicidade, atividade hipoglicemiante, anti-

inflamatério, antinociceptivo.



ABSTRACT

Plants of Bauhinia genus are found in Africa, Asia as well as in Central and South America.
In Brazil, they are know as “pata-de-vaca” and their leaves are popularly used as tea
(infusion) to treat diabetes, as anti-inflamatory and as analgesic. Among the compounds
isolated from plants, there are the lectins, which Consist in protein or glycoproteins that bind
carbohydrates by reversible and specific recognizement. From the leaves of Bauhinia
monandra, it was isolated a galactose-specific lectin (BmoLL, B. monandra Leaf Lectin) by
affinity chromatography on guar gel. In face of the biological activities described for lectins
and the use of Bauhinia plants in folk medicine, it was hypothesized whether the biological
activities reported by population for B. monandra have the lectin BmoLL as active principle.
In this sense, the aim of this work was to investigate toxicological, hypoglycemic, anti-
inflammatory, and antinociceptive properties of the lectin. BmoLL did not show toxicity to
mice since it did not induce death and weight loss at 2,000 mg/kg. In addition, it did not affect
the survival of Artemia salina at the tested concentrations (250-1,000 pg/mL). The
hypoglicemic activity of BmoLL was evaluated using NOD (non obese diabetic) mice as
experimental model. Diabetic NOD mice were treated with BmoLL (60 mg/kg/day) by
intraperitoneal administration during 21 days. The lectin effect was compared with data
obtained for a non-treated diabetic group and a non-diabetic (normoglycemic) group. At the
end of the experiment, animals treated with BmoLL showed reduction in blood glucose level
(dfrom 307.5 £ 83.3 mg/dL to 137.5 + 68.3 mg/dL), reaching values similar to those from
normoglycemic group (110.5 + 16.7 mg/dL). Non-treated diabetic group showe blood glucose
>500 mg/dL. In addition, the concentrations of triglycerides and VLDL-cholesterol in blood
were also significantly (p<0.05) reduced by the treatment with BmnoLL, in comparison with
non-treated diabetic animals. For the evaluation of the anti-inflammatory activity, it was first
performed the carragenan-induced paw edema method. BmoLL reduced the inflammation
significantly (p<0.05) in 47% (30 mg/kg) and 60.5% (60 mg/kg). The control group, treated
with acetylsalycilic acid, showed a 70.5% reduction. In the evaluation of anti-inflammatory
activity by peritonitis model, the leukocyte migration was significantly (p<0.05) reduced in
the group treated with BmoLL, being the result similar to that obtained for the group trated
with acetylsalycilic acid. In the evaluation of the antinociceptive activity of BmoLL, the
treatments with doses of 15, 30, and 60 mg/kg reduced significantly (p<0.05) the number of
abdominal writhings (induced by acetic acid) in 43.1%, 50.1% and 73.1%, respectively. In hot
plate assay, BmoLL at 30 and 60 mg/kg showed a significant antinociceptive effect. In
conclusion, BmoLL is an interesting molecule to be more deeply studied for its
pharmacological applications since it did not show acute toxicity to mice and showed the
biological activities described in this work.

Key-words: Bauhinia monandra; lectin; toxicity; hypoglycemic activity, anti-inflammatory;

antinociceptive.
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1. INTRODUCAO

As plantas tém sido usadas como fontes de medicamentos desde a Pré-Historia é
perceptivel que nas Gltimas quatro décadas tem havido um ressurgimento do interesse no
estudo e utilizacio de medicamentos derivados de plantas (ARAUJO et al., 2011). De acordo
com a Organizacdo Mundial de Saude (OMS), cerca de 80% de toda populacdo mundial
fazem uso de medicina popular, direcionados para cuidados primarios de saide (JORDAN et
al., 2010; MINITERIO DA SAUDE, 2012).

Diante do uso na medicina popular, ha a necessidade de pesquisas cientificas na busca
de comprovacdo ou desmistificacdo de tais plantas, pois 0 uso por parte da populacdo dessas
infusdes ou outras preparacdes pode trazer riscos devido ao fato de extratos de plantas terem
em sua composicdo diversas substancias que podem apresentar toxicidade. Ainda € preciso
comprovar e identificar os compostos que apresentam as propriedades desejadas sendo
necessaria purificacdo de tais compostos (EIDT et al., 2013; CARVALHO et al., 2013;
COSENZA et al., 2013; BORDE, et al 2014; TOFIGHI et al., 2015)

As plantas do Género Bauhinia (Familia Fabaceae) sdo encontradas na Africa, Asia bem
como América Central e do Sul (KHALIL, et al., 2008). No Brasil sdo conhecidas como
“pata-de-vaca“ ¢ as suas folhas sdo usadas popularmente em forma de chas (infusdo) para o
tratamento de diabetes, como anti-inflamatorio e analgésico (SILVA e CECHINEL- FILHO,
2002). Devido ao amplo uso na medicina popular, 0 Género Bauhinia esta sendo
constantemente pesquisado, por exemplo, extratos da casca de caule Bauhinia guianensis
apresentaram atividade anti-inflamatéria no modelo de edema de pata em ratos, induzido por
carragenina, aléem de efeito analgésico no modelo de contor¢des abdominal induzido por acido
acéetico em camundongos (CARVALHO et al., 1999). Estudos com extrato bruto de Bauhinia

forficata revelaram atividade antiedematogénica associada a acdo analgésica periférica,
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demonstrando fortes indicios de que estaria associada também com atividade anti-inflamatoria
(LUZ, 1995). Extratos hidro alcodlico de Bauhinia splendens em acetato de etila (10 mg/kg)
das folhas, caules, cascas e raizes, demonstraram atividade analgésica (WILLAIN et al.,
1997). Em humanos, foi observada uma diminui¢do na glicemia de grupo diabético tratado
com cha (infusdo) de Bauhinia forticata (MORAES et al., 2010). Enquanto extrato
hidroetandlico apresentou, em ratos com diabetes induzido, um nivel significativo de
toxicidade hepatica, ndo melhorando de forma fisiol6gica as alteracdes que sdo consequéncias
do diabetes (PEPATO et al., 2010).

Dentre diversos compostos purificados de plantas estdo as lectinas que sdo proteinas
ou glicoproteinas que se ligam a carboidratos, por reconhecimento especifico e reversivel
sendo de origem ndo imune (LAM e NG., 2010). Tais carboidratos reconhecidos pelas
lectinas podem desempenhar papeis importantes no armazenamento ou na transmissao de
informagao dentro da célula ou entre as células (ARAUJO et al., 2011), assim sdo excelentes
em investigacdes como agentes terapéuticos (NEUMANN et al., 2004; ANDRADE et al.,
2004; SANTI-GADELHA et al., 2006; BITENCOURT et al., 2008). Uma lectina de Bauhinia
bauhinioides (BbL) apresentou atividade anti-inflamatoria (BEZERRA, 2012).

Das folhas da espécie B. monandra foi purificada uma lectina (BmoLL, B. monandra
Leaf Lectin) (COELHO e SILVA, 2000). Diante das atividades encontradas para outras
lectinas e do uso da medicina popular das plantas do género Bauhinia, foi levantada a
hipdtese de que atividades biologicas relatadas pela populacdo para essa espécie tenham como
principal principio ativo a lectina BmoLL. Desta forma o objetivo do presente estudo foi
investigar propriedades, anti-inflamatorias, antinociceptivas, hipoglicemiantes e toxicoldgicas

da lectina (BmoLL, B. monandra Leaf Lectin).
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2 FUNDAMENTAGCAO TEORICA

2.1 Lectinas

Lectinas sdo proteinas que possuem pelo menos um dominio de reconhecimento a
carboidratos. As lectinas se ligam aos carboidratos de forma especifica e de maneira
reversivel (BARONDES, 1988; AMBROSI et al., 2005; LAM et al., 2010).

As interagOes entre lectinas e carboidratos ocorrem através de especificidade com
ligacOes reversiveis de determinada lectina com glicoproteinas ou grupo de carboidratos
(oligossacarideos) ou um carboidrato especifico (PEUMANS e VAN DAMME, 1995,
PEUMANS et al., 2001, WU et al., 2006,). Sabendo que a seletividade é obtida por pontes de
hidrogénio, interacbes de Van der Walls, interacbes hidrofobicas entre a lectina e o
carboidrato (KENNEDY et al., 1995; SHARON, 1993; COMINETTI et al., 2002; SHARON,
2007). Quando lectinas que possuem mais de um sitio de ligacdo reconhecem carboidratos
presentes em celulas distintas, elas podem promover um fenémeno de aglutinacao.

A caracteristica de aglutinacdo por lectinas teve seu primeiro relato em 1888 por
Stilmark que atribuiu aglutinacGes de eritrocitos a presenca de uma proteina presente em
preparacdo proteica parcialmente pura obtida do extrato da planta conhecida por mamona,
Ricinus communis (KENNEDY et al., 1995), Em 1889 H. Helin observou a presenca de uma
hemaglutinina toxica em sementes de Jequiriti, Abrus precatorius, (SHARON, 2007).

Além das lectinas, outras moléculas como anticorpos, anticarboidratos também
aglutinam células. Assim, devido a especificidade, as lectinas eram consideradas semelhantes
aos anticorpos, mas diferem quando se refere a origem e similaridade estrutural, onde entre as
lectinas ha enorme diversidade enquanto os anticorpos sdo estruturalmente similares (VAN

DAMME et al., 1998).
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Outros relatos de lectinas foram feitos ja nos anos 40. Boyd e Reguera observaram
aglutininas em sementes com especificidade para antigenos dos grupos sanguineos humanos
(SHARON e LIS, 2004). Novamente, a caracteristica de aglutinar eritrécitos foi demonstrada,
tendo algumas lectinas inclusive afinidade especifica para grupos sanguineos.

O termo “Lectinas” foi usado pela primeira vez no ano de 1954 por Boyd e Shapleigh,
vindo do Latim: Lectus, que significa selecionado, foi usado devido a capacidade de ligacdo
reversivel a carboidratos e aglutinacéo seletiva de eritrocitos de grupos sanguineos especificos
(PEUMANS e VAN DAMME, 1995). A escolha do termo lectinas foi determinante na
definicdo dessas proteinas baseada na seletividade a carboidratos, assim como na diversidade
estrutural.

O estudo dessas proteinas com atividade hemaglutinante foi aprofundado em 1960,
pois comecaram a ser pesquisadas aplicabilidades (GABOR, KLAUSEGGER e WIRTH,
2001). Em 1965, Agrawal e Goldstein isolaram a lectina Con-A (Concanavalina-A) extraida
de sementes de Canavalia ensiformis, uma leguminosa, a partir de uma cromatografia de
afinidade em uma matriz de dextrana (Sephadex), tendo a lectina afinidade a glicose e seus
derivados. Em 1981, lectinas encontradas tanto em animais quanto em plantas ja haviam sido
purificadas (DEBRAY et al, 1981).

Atualmente, lectinas sdo consideradas de natureza ubiqua, pois estdo presentes em
todos os organismos como plantas (YAN et al., 2010) virus, bactérias e fungos
(TRIGUEIROS et al., 2003) além de peixes (SILVA et al, 2012; KANIA et al., 2010),
serpentes (NUNES et al., 2011) e outros animais (ZHAO et al., 2009; WANG et al., 2009;
KILPATRICK, 2002; BATTISON e SUMMERFIELD, 2009). Lectinas foram ainda isoladas
de células-tronco embrionarias (ALVAREZ-MANILLA et al., 2010).

As lectinas s@o classificadas de diversas formas. Dentre elas as lectinas de plantas

tiveram sua classificacdo estabelecida por Peumans e Van Damme (1998) com base na
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estrutura: Merolectinas: possuem um Unico dominio ligante a carboidrato, ndo precipitando
glicoconjugados nem aglutinando células, sendo, portanto, proteinas de pequeno tamanho.
Hololectinas: com no minimo dois dominios idénticos ou homologos se ligam a acucares
similares ou ao mesmo carboidrato, podem aglutinar células e precipitar glicoconjugados, séo
di ou multivalentes. Quimerolectinas: moléculas com um ou mais dominios ligantes a
carboidratos, associados com outro dominio distinto, tendo outra atividade biologica, podendo
ser enzimatica ou ndo, independente do dominio ligante a carboidratos. Superlectinas:
possuem no minimo dois dominios ligantes a carboidratos, estruturalmente diferentes.

Diante de sua diversidade estrutural, cada lectina pode apresentar caracteristicas
proprias, em uma variedade de especificidades, podendo interagir com glicoproteinas,
oligossacarideos ou monossacarideos especificos (KENNEDY et al., 1995; SHARON, 1993;
COMINETTI et al., 2002; SHARON, 2007).

Durante a busca por aplicabilidades biologicas das lectinas é preciso um processo de
purificacdo. A maioria das lectinas é soldvel em agua, solucdo salina e/ou tampéo, sendo
necessarias técnicas para eliminar outras moléculas (contaminantes), o que envolve fatores
como temperatura, solucdo extratora entre outros (KAWAGISHI et al., 2001; OSHIKAWA et
al., 2000; MOURE et al., 2001). Além da eliminacdo de outras moléculas é preciso manter a
lectina estavel fora de seu meio bioldgico. A técnica mais usada para verificacdo da presenca
e da estabilidade das lectinas em uma determinada solucéo é atividade hemaglutinante.

A possibilidade de verificacdo da atividade hemaglutinante das lectinas em
determinada solucdo, seja um extrato ou uma proteina pura se da devido a capacidade de
lectinas em aglutinar eritrécitos, os quais podem ser tratados enzimaticamente por tripsina,
dentre outros, como também quimicamente por glutaraldeido ou formaldeido (CORREIA e
COELHO, 1995; COELHO e SILVA, 2000; MO et al., 2000). O ensaio de hemaglutinacéo

permite a avaliacdo da estabilidade da lectina a valores de pH e temperatura e, portanto, pode
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determinar as condigdes a serem usadas na aplicacdo biotecnoldgica de lectina (PAIVA, et al.,
2010).

A atividade hemaglutinante visualizada no esquema da Figura 1, onde no campo (A)
as lectinas formam uma malha junto aos eritrocitos devido a sua ligagdo com os carboidratos
presentes na superficie destes. No campo (B), na presenca de carboidratos livres, as lectinas se
ligam a esses carboidratos e ndo mais aos eritrocitos no ensaio denominado “inibi¢do da
atividade hemaglutinante”. Nos dois campos sdo mostradas imagens das microplacas

representadas nos esquemas.

Figura 1. (A) Representacdo esquematica da rede de eritrocitos promovida pela ligacéo
cruzada de uma lectina a carboidratos de superficie e (B) inibicdo da atividade hemaglutinante
por carboidratos livres. Aspectos de ensaio em placas de microtitulagdo (insercoes).
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Fonte: (PAIVA et al., 2011).

Diante da busca por caracterizar e purificar uma lectina através da analise de inibicdo
da atividade hemaglutinante, utilizando diferentes tipos de carboidratos, que é verificada a
especificidade de uma lectina (GABOR et al., 2001; OTTA et al., 2002).

No extrato bruto, podem estar presentes alguns agentes como taninos, lipideos ou
cations divalentes que, em altas concentragdes, podem dispersar eritrocitos resultando em uma

falsa “impressio de atividade hemaglutinante” (RUDIGER, 1998). Dessa forma, é necessario
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0 ensaio de inibi¢do por carboidratos ou glicoproteinas para assegurar a presenca de lectinas
(YAMAGUCHI et al., 1998; KAWAGISHI et al., 2001; GOLDSTEIN et al., 2007; JAYATI
et al., 2005). O ensaio de inibicdo precipitacdo com carboidratos, além de determinar a real
presenca de lectinas no meio, também revela a especificidade da lectina.

A caracterizacdo de uma lectina se faz durante a purificacdo quanto a massa
molecular, solubilidade, carga e afinidade especifica de ligacdo a carboidratos (CORREIA e
COELHO, 1995). Para conhecimento das propriedades basicas e fungdes bioldgicas das
lectinas sdo de extrema importancia sua purificacdo e caracterizacdo (CARTWRIGHT et al.,
2004).

A caracterizacao traz as informacdes para manutencéo dessa proteina fora de seu meio
biologico, além de trazer informacdes que ajudam a entender alguma acéo bioldgica que a
lectina apresente. Lectinas podem apresentar caracteristicas diferentes e mesmo assim
aplicabilidades bem semelhantes (HAMID et al., 2013).

Em um protocolo de purificacdo de lectinas sdo feitos extratos e destes é preciso
determinar atividade hemaglutinante e concentracdo proteica. Em seguida, os extratos sdo
ainda submetidos a purificacdo parcial por precipitacdo seletiva de proteinas com sais, onde
sulfato de aménio é o sal mais comumente utilizado devido a sua elevada solubilidade em
agua. O sal por interagir mais com a agua em competicdo as protepinas remove a camada de
solvatacdo das mesmas fazendo com que as se precipitem; posteriormente o material
precipitado € dialisado através da utilizacdo de uma membrana semipermeavel (PAIVA e
COELHO, 1992; COELHO e SILVA, 2000; PAIVA et al., 2011).

Em geral, depois de um fracionamento salino para purificacdo parcial e realizada
dialise, sdo usadas técnicas de cromatografias que, em sua maioria sdo cromatografias de
afinidades (GERLACH et al., 2002) de filtracdo em gel (REGO et al., 2002; SINGH et al.,

2011), ou de troca idnica (NG e YU, 2001; SINGH et al., 2011).
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Durante avaliacdo do grau de pureza e caracterizagdo estrutural de uma lectina sdo
usados métodos eletroforéticos (STRYER, 2004), sendo possivel definir a massa molecular de
subunidades a partir da desnaturacdo proteica na presenca de detergente sulfato sddico de
dodecila (SDS) (COELHO e SILVA, 2000; PAIVA et al., 2006), como também, a natureza
glicoproteica através de coloracao especifica (FENG et al., 2006).

As lectinas devido sua diversidade possuem inimeras acdes bioldgicas e vém sendo
investigas em uma variedade de aplicacdes bioldgicas dentre elas capacidade de mucoadeséo,
citoadesdo e citoinvasao; estas vém sendo investigadas quanto a sua aplicacdo em sistemas de
liberacdo de drogas (GABOR et al., 2004).

Entre outras aplicacdes, lectinas tém demonstrado um papel importante na area de
microbiologia, pois demonstram acdo contra 0 crescimento de bactérias gram-negativas e
gram-positivas, além de atividade contra fungos (DOM et al., 2008), pois sdo capazes de
reconhecer sutis diferencas na estrutura de carboidratos complexos presentes na superficie
celular de bacteérias e fungos (LUO et al., 2007).

As lectinas devido afinidade por carboidratos nas superficies de celulas podem ser
usadas também para identificacdo de microrganismos, identificacdo da presenca de
carboidratos em biopolimeros ou glicoconjugados, cromatografia de afinidade para o
isolamento de horménios, neurotransmissores, imunoglobulinas e compostos relacionados;
estudos relacionados a estrutura quimica de membranas bioldgicas; contribuicdo na
elucidacdo da estrutura quimica dos determinantes de grupos sanguineos ABO (GOLDSTEIN

et al, 1980.; SHARON, 2008; CHE et al., 2011; WONG e CHAN, 2008).
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2.1.1 Lectinas de plantas

Lectinas podem ser encontradas em todos os tecidos de planta como, por exemplo,
folhas (COELHO e SILVA, 2000), cascas, bulbos, tubérculos (RUDIGER e GABIUS., 2001),
sementes (SHARMA et al., 2010), raizes (SOUZA et al., 2011), frutos, rizomas (PEUMANS
et al., 2001) e cerne (SA et al., 2009).

As lectinas encontradas em plantas tém suas fungdes bioldgicas, ou seja, na planta,
constantemente debatidas por terem uma diversidade estrutural muito ampla, pois diferem em
varios aspectos como composicdo de aminoacidos, nameros de subunidades, estrutura
terciaria e massa molecular; sabe-se que tais aspectos das lectinas sdo determinantes quanto a
sua especificidade por carboidratos; assim como também sdo estudadas sua agdo ou
aplicabilidade, fora do seu meio natural (SILVA, 2008; VAN DAME, 2014).

Desta forma, as lectinas vegetais apresentam diferentes propriedades bioguimicas,
devido a inimeras variedades de estruturas moleculares, assim no organismo da planta ndo se
espera uma funcgéo para todas as lectinas de plantas, como também uma lectina pode ter mais
de uma funcdo (SANZ-APARICIO et al., 1997; RUDIGER et al., 2000; INGALE E
HIVRALE, 2013). Da mesma forma acontece fora de seu meio bioldgico, onde uma lectina
pode apresenta diversas agdes, assim como uma determinada acdo bioldgica pode ndo se
apresentar em mais de uma lectina.

Lectinas tém potencias fungdes biotecnoldgicas e biomédicas podendo ter aplicacdes
em diferentes areas do conhecimento (SANTOS et al., 2013), por terem propriedades atuantes
em seu meio natural como na organizacao, regulacdo e sinalizacdo celular (JIANG et al.,
2006), armazenamento e transporte de carboidratos na manutencdo e extensdo da parece

celular (SANTOS-MAGALHAES et al, 2004), na ativacdo de enzimas (KESTWAL et al.,
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2007) além de armazenamento ou transporte de carboidratos em sementes (SHARON e LIS,
2003; LAM e NG, 2011).

Estando fora desse meio biolégico podem ser utilizadas para explorar a superficie de
células como na mitose induzida, fagocitose, mecanismos de defesa (PEUMANS e VAN
DAMME, 1995; SANTOS et al., 2013),

Lectinas podem ser aplicadas como mitogénicas, citotoxicas, antimicrobianas e
também podem ser usadas como moléculas anti-proliferativas de células cancerosas. Estas
proteinas podem ser Uteis no tratamento de agua, devido as suas propriedades coagulantes e
anti-bacterianas. Lectinas também apresentam potencial inseticida com aplicacdo

biotecnoldgica no controle de pragas agricolas (SANTOS et al., 2013).

2.1.2 Género Bauhinia

A Organizacdo Mundial de Saude (OMS) afirma que de toda populacdo mundial certa
de 80% ainda fazem uso de medicina popular, direcionados para cuidados primarios de salde,
sendo atualmente os medicamentos fitoterapicos usados em todo o mundo (JORDAN et al.,
2010; MINITERIO DA SAUDE, 2012).

Desde a preé-historia as plantas tém sido usadas como fontes de medicamentos, sendo
gue nas ultimas quatro décadas tem havido um ressurgimento do interesse no estudo e
utilizacdo de medicamentos de plantas (ARAUJO et al., 2011).

As plantas do género Bauhunia estdo entre as plantas medicinais encontradas em
vérias regides do mundo tais como Africa, Asia bem como Américas Central e Sul. Pertencem
a Familia Fabaceae, sendo conhecidas como “pata-de-vaca“ ou “unha-de-vaca” e utilizadas
em forma de chas ou outras preparacdes para o tratamento de diabetes e outras enfermidades,

como infeccdes e processos dolorosos (YEH et al., 2003; KHALIL et al., 2008, SILVA e
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CECHINEL-FILHO, 2002). O género Bauhinia foi criado em 1753, por Carolus Linnaeus,
em homenagem ao boténico franco-suico Gaspar Bauhin e compreende cerca de 300 espécies
(LEWIS, 1987). Na Figura 2 pode-se observar aspectos de Bauhinia monandra, sendo

apresentado na imagem folhas e flores.

Figura 2. Aspectos de Bauhinia monandra (A: flores; B: folhas).

Fonte: Autoria Prépria

Diversos estudos sobre plantas deste género sugerem inimeras atividades biologicas
como para extratos organicos de Bauhinia variegata que apresentaram atividade
antibacteriana (PAREKH et al., 2006), Em outro estudo, extratos de Bauhinia microstachya
demostraram atividade antioxidante in vitro (BIANCO e SANTOS, 2010). Foi observado
também que extratos alcodlico e aquoso de B. variegata podem diminuir os niveis
plasmaticos de colesterol, triglicérideos, LDL e VLDL e aumentam os niveis de HDL, além
de demonstrar atividade antioxidante (RAJANI e ASHOK, 2009). Em outro estudo extrato
aquoso de Bauhinia forticata apresentou atividade hipoglicemiante, reduzindo também niveis

de triglicerideos e colesterol em ratos diabéticos (LINO et al., 2004; CUNHA et al., 2010).
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Estudos demonstraram que diante da atividade hipoglicemiante de Bauhinia thoningii
houve uma diminui¢do no risco de doencas coronarianas causadas por complica¢fes durante o
Diabetes mellitus, em ratos com diabetes induzido por Aloxana (OJEZELE e ABATAN,
2011). A especie Bauhinia divaricata teve atribuida sua atividade hipoglicemiante & sua
capacidade de inibir a a-amilase por inibi¢do da absorcéo de glicose pelo intestino (ANKLI et
al., 2002). Em outro estudo também foi revelada atividade hipoglicemiante com o extrato
aquoso da Bauhinia megalandra (GONZALES-MUJICA et al.,, 2003). Em humanos,
pacientes que ja faziam uso de algum medicamento para Diabetes Mellitus tipo 2,
apresentaram diminuicdo dos niveis glicémicos quando tratados com infuséo de B. forficata
em relacdo ao grupo controle (MORAES et al., 2010).

O extrato de Bauhinia forficata hidroetanolico quente a 70%, em ratos com diabetes
induzido, apresentou um nivel significativo de toxicidade o extrato ndo melhorou as variaveis
fisiologicas nem metabdlicas que sd@o tipicas alteragdes no diabético, além de produzir
toxicidade hepatica (PEPATO et al., 2010).

Estudos do extrato aquoso de Bauhinia forficata revelaram atividade
antiedematogénica associada a acao analgésica periférica demonstrando fortes indicios de que
estaria associada também com atividade anti-inflamatéria (LUZ, 1995). Extratos
hidroalcodlicos em acetato de etila (10 mg/kg) das folhas, caules, cascas e raizes de Bauhinia
splendens demonstraram atividade analgésica, em modelo usado para inducdo de contor¢do
abdominal por acido acético (0,6%), sendo mais eficaz que aspirina e paracetamol, farmacos
amplamente comercializados (WILLAIN et al., 1997).

Extratos de Bauhinia guianensis apresentaram atividade anti-inflamatoria no modelo
de edema de pata em ratos, induzido por carragenina, além de efeito analgésico no modelo de
contor¢des abdominais induzido por &cido acético em camundongos (CARVALHO et al.,

1999).
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Na busca por compostos puros que apresentem as atividades vistas pela medicina
popular, foi purificada uma Lectina (BbL) de Bauhinia bauhinioides que demonstrou
atividade anti-inflamatéria por métodos induzidos como edema de pata e peritonite; especula-
se que BbL exerce atividade anti-inflamatéria por interferir no caminho de sinalizagdo que
leva a sintese de citocinas, que, entre outras funcfes, estdo envolvidas na amplificacdo da
resposta inflamatéria, incluindo o aumento da expressdo das moléculas de adesdo
(BEZERRA, 2012).

Em outros estudos com as plantas do género Bauhinia, foi verificada atividade
hemaglutinante na fracdo globulina das sementes de B. malabarica (VIDJAY A-KUMARI et
al., 1993), Bauhinia racemosa e Bauhinia vahlii (RAJARAM e JANARDHANA, 1991), foi
identificada uma lectina ligadora de N-acetil-D-galactosamina, nas sementes de Bauhinia
purpurea (SARKER et al., 1993).

Em trabalhos recentes uma lectina de raizes secundarias de Bauhinia monandra
(BmoRoL) apresentou atividades antifangicas e termiticidal, contra espécies fitopatogénicas
de Fusarium e foi mais ativo em Fusarium solani e termiticidal sobre os trabalhadores e
soldados de Nasutitermes corniger (SOUZA et al., 2011).

Diante do uso da medicina popular ha necessidade de pesquisa cientifica na busca de
comprovacdo ou desmistificacdo de tais plantas, pois o uso por parte populacéo de infusées ou
outras preparacGes sem avaliacdo pode trazer riscos, por extratos de plantas terem em sua
composicdo diversas substancias que podem apresentar toxicidade. Também € preciso
comprovar e identificar os compostos que apresentam as propriedades desejadas.

Extratos aquosos de folhas de Bauhinia monandra apresentaram propriedade
hipoglicemiante em ratos (MENEZES et al., 2007), como também atividade antioxidante

(ARGOLO et al., 2004).
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A Lectina (BmoLL, B. monandra Leaf Lectin), foi purificada das folhas de Bauhinia
monandra, com afinidade por galactose especifica, através de cromatografia de afinidade em
gel de guar. Mais de 2 mg de BmoLL foram obtidas de 5 g de p6 de folhas (COELHO e
SILVA, 2000). Entre suas aplicagbes biologicas, BmoLL reconhece de forma seletiva os
diferentes sorotipos de dengue, atribui-se aos diferentes padrdes de glicoproteinas nos soro
produzidos pela resposta imune a partir de pacientes infectados pelo virus do dengue
(ANDRADE et al., 2011). BmoLL apresenta agdo inseticida contra larvas de Zabrotes
subfasciatus e Anagasta kuehniella (MACEDO et al.,, 2007). Em outro estudo BmoLL
apresentou possivel efeito antioxidante ndo apresentando genotoxicidade nem citotoxicidade

em células e bactérias (SISENANDO et al., 2009).

2.2 Diabetes Mellitus

Em sua origem a palavra Diabetes vem de uma palavra grega que significa “politria”,
sendo Mellitus derivado do latim que significa “mel” ou “doce”. Relatos dos sintomas foram
descritos no primeiro século D.C., por Areteu da Capaddcia quando descreve uma afeccéo
crbnica caracterizada por sede intensa, urina volumosa e adocicada (GOLDFINE e
YOUNGREN, 1998; REZENDE, 2004; AIRES et al, 2008).

Em sua fisiologia normal para armazenamento energético o corpo utiliza glicose,
acidos graxos e outros, atuando o figado e o péancreas enddcrino no controle destes
suprimentos. Também para fins metabdlicos, os sistemas respiratorio e circulatorio abastecem
0 organismo no fornecimento de oxigénio (COSTANZO, 2007).

Como mostrado na Figura 3, o pancreas é constituido pelas ilhotas de Langerhans e 0s
acinos; a secrecdo de sucos digestivos no duodeno é feita através dos acinos, enquanto as

ilhotas de Langerhans secretam horménios. As ilhotas sdo constituidas de células beta que
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secretam insulina, células alfa que secretam glucagon além de células delta que secretam
somatostatina. Em suas fungdes a insulina facilita o transporte da glicose na corrente
sanguinea para os tecidos corporais, reduzindo assim os niveis de glicose no sangue, enquanto
o0 glucagon aumenta a liberacdo de glicose armazenada no figado para a corrente sanguinea. A
somastatina € responsavel pela inibicdo da insulina e do glucagon, mantendo assim em um

balanco energético (GUYTON e HALL, 2000; COSTANZO, 2007).

Figura 3. llhota de Langerhans no pancreas

lihota de
Lange{rhans ACi”PS
Célula alfa pancreaticos

Fonte: (PORTH, 2007).

A secrecdo da insulina é aumentada em resposta ao aumento da concentracdo de
glicose sanguinea, visando promover a entrada da glicose no espaco intracelular nos tecidos.
Aproximadamente dois tercos da insulina é liberada ap6s uma refeicdo, depois os niveis de
secrecdo baixam sendo mantidos, apenas em niveis considerados normais, ou seja, ndo
diabéticos, sendo a glicose sanguinea entre 70mg/dl até 100mg/dl. E demonstrado na Figura 4
esse mecanismo (RANG et al., 2007).

Tecidos como cérebro e sistema nervoso usam quase exclusivamente a glicose como

substrato energético, diferente de tecidos corporais como figado ou muasculos esqueléticos que
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utilizam bastantes acidos graxos como fonte de energia, caso haja um maior suprimento de
glicose que o necessério ela passa a ser armazenada como glicogénio. Quando figado e
musculos saturam seus niveis de glicogénio, a glicose é convertida em acidos graxos e

armazenada como triglicerideos nas células adiposas (COSTANZO, 2007).

Figura 4. Producéo e ag&o da insulina no organismo humano.

Pancreas
\ motas de

Fonte: www.medicinapratica.com.br

A decomposicdo do glicogénio se da entre as refeicbes quando os niveis de glicose
baixam e ocorre a glicogenolise, caso precise o figado pode sintetizar glicose a partir de
outras moléculas energéticas e acontece entdo a gliconeogénese (NELSON e COX, 2011).

Diabetes Mellitus (DM) é caracterizado por ser um grupo de disturbios metabolicos
resultante de defeitos na secrecdo e/ou acdo da insulina que levam a hiperglicemia
(FREGONESI et al, 2004). E classificado em quatro grandes tipos de acordo com a
Associacdo Americana de Diabetes (ADA, 2009): Diabetes Mellitus tipo 1 (DM1), antes

conhecido por insulinodependente; Diabetes Mellitus tipo 2 (DM2), ndo insulinodependente;
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Diabetes gestacional; e DM causado por alteragdes do metabolismo ou da homeostase da
glicose devido a infecgdes, drogas, defeitos genéticos na fungéo das células betas do pancreas.

O DM1 e o DM2 séo classificados de acordo com a sua etiologia e ndo mais como
“insulina dependente” ou “nédo insulina dependente” (THE EXPERT COMMITTE ON THE
DIAGNOSIS AND CLASSIFICATION OF DIABETES MELLITUS, 2003). Séo os tipos
mais encontrados, sendo 0 DM2 cerca de 90% dos casos (RIBEIRO et al; 2006). E visto que o
DML1 é caracterizado por uma resposta imunoldgica, autoimune, de destruicdo das células-
beta produtoras de insulina, ocorrendo frequentemente em jovens, em uma faixa etaria de 0 a
15 anos e em alguns casos entre 40 a 50 anos (THE EXPERT COMMITTE ON THE
DIAGNOSIS AND CLASSIFICATION OF DIABETES MELLITUS, 2003; GOWER et al.,
2009/2007). O DM2 esta associado a obesidade e resisténcia a acdo da insulina. Em muitos
casos, ndo se faz necessario o uso de insulina exdgena (OLIVEIRA e MILECH, 2004).

Em DM1, diante da auséncia de insulina, ocorre mobilizacdo exacerbada de acidos
graxos com lipdlise para aumento da gliconeogénese hepética ocorrendo assim liberacdo de
cetonas (PORTH, 2007). Desta forma a hiperglicemia com aumento de cetoacidos no
metabolismo leva a cetoacidose diabética e consequéncias como perda de peso (GROSS et al.,
2002; MIRANZI et al., 2008), além de promover estresse oxidativo induzindo formacdo de
produtos de glicacdo e ativacdo da proteina quinase C (PKC) (NISHIKAWA et al, 2000).

No DML sdo decorrentes distarbios nos balangos hidricos e eletroliticos, uma vez que
0 aumento da glicose sanguinea leva também ao aumento da carga filtrada de glicose pelos
rins, que excede a capacidade reabsorvida do tdbulo proximal. A glicose ndo absorvida
produz a diurese osmética, polidria e sede intensa (polidipsia). A polituria pode causar
hipotensdo e a falta de insulina também provoca efluxo de K+, resultando em hipercalemia
(BELL et al., 2010; WOLFSDOREF et al., 2006; DUNGER et al., 2004; GIUGNO et al.,

2005), Ocorre também aceleracdo no desenvolvimento da aterosclerose (ARONSON e
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RAYFIELD, 2002). Dentre outras complicacdes € vista a neuropatia periférica, anormalidade
sensorio-motora em regides periféricas do corpo abrangendo inimeras manifestacdes em um
conjunto de sindromes (GAGLIARDI, 2003; SCHEUERMANN-FREESTONE et al., 2003).

Estudos apontam alteracbes cardiovasculares, em diabéticos tais como
macroangiopatias (grandes vasos) e microangiopatias (pequenos vasos) (HODGSON et al.,
1990; RAHMAN et al., 2006), sendo a hipertenséo associada a alteracdo da funcdo e estrutura
dos vasos, um consideravel fator de risco cardiovascular (JOHNSTONE et al., 1993;
COOPER et al., 2001; RAHMAN et al., 2006). Outras microangiopatias foram encontradas
como a retinopatia que € conhecida como a causa mais frequente de cegueira (SOBREVIA e
MANN, 1997; KLEIN, 2010) Alteragdes micro vasculares e macrovasculares estéo
associadas com mortalidade em DM1 (SHIVU et al., 2010).

Complicacdes decorrentes do Diabetes Mellitus que sdo comuns nas emergéncias
médicas sdo coronariopatias, acidentes vasculares, doencas renais e amputacdes das
extremidades inferiores (GUYTON e HALL, 2000; GAMBA et al., 2004; BORTOLETTO,
2010).

Dentre os portadores de DM1 a evolucdo clinica da doenca é rapida, sendo necessario
acompanhamento médico para diagnostico o tratamento exige inicio precoce, oportunamente
com insulina (ROCHA et al., 2002), incluindo cuidados com endocrinologista (RIBEIRO et
al., 2006), visto também a possivel necessidade de acompanhamento psicolégico, diante da
possibilidade de depressdo (POUWER et al, 2010). Em criancas e adolescentes com DM1, a
cetoacidose diabética é uma causa frequente de admissdo em Emergéncias Hospitalares ou
Unidades de Tratamento, sendo vista como principal causa de morte relacionada com edema
cerebral (WOLFSDOREF et al., 2006; DUNGER et al., 2004; LAWRENCE et al., 2005).

O diabetes representa um alto custo financeiro para a sociedade e para os sistemas de

salde, devido ao alto indice de mortalidade e incidéncia da doenca. O Sistema Unico de
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Saude (SUS), devido a demanda e os gastos para prevencdo, diagnostico e tratamento
desenvolvem acOes financiadas e executadas pelos gestores dos trés niveis de governo:
federal, estadual e municipal (DADOS ESTATISTICOS — DIABETES, 2011). Desde
fevereiro de 2011 o Ministério da Salde passou a oferecer medicamentos gratuitos para o
tratamento do diabetes por meio da acdo “Saiude Nao Tem Preco”. Enquanto o “Plano de
Acgdes para Enfrentamento de Doengas Cronicas Ndo Transmissiveis” onde prevé a
implantacdo do programa Academia da Salde, polos de atividade fisica abertos para a

comunidade (MINISTERIO DA SAUDE, 2011).

2.3 Camundongos NOD (Non Obese Diabetic)

A linhagem NOD foi estabelecida a partir de uma raca com catarata (ICR), onde uma
sublinhagem desenvolveu diabetes espontaneamente, por cruzamento entre irmdos. Essa
linhagem inicialmente foi desenvolvida no Japdo (KIKUTANI e MAKINO, 1992; MAKINO

et al., 1980).

Figura 5. Camundongos NOD

Fonte: (ATKINSON e LEITER, 1999).
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Os camundongos da linhagem NOD na Figura 5 desenvolvem uma autoimunidade,
que causa diabetes através da destruicdo das células produtoras de insulina, semelhante a
desenvolvida em humanos (KODAMA et al., 2003). Com a destruicdo de 95% das células
beta produtoras de insulina, se manifesta o diabetes nos camundongos NOD
(HERNANDORENA et al., 2001). Na incidéncia do diabetes espontaneo ha uma variancia
entre 50 e 90% em fémeas e 0 e 20% em machos, variando nas diversas col6nias pelo mundo
(KIKUTANI e MAKINO, 1992; BACH, 1994). A partir de col6nias matrizes provenientes do
Laboratorio INSERM U-25 Neker, Paris, Franca, foi introduzida no Brasil a colbnia da
linhagem NOD, na Universidade Estadual de Campinas (PAVIN e ZOLLNER et al., 1994).

Atualmente como modelos experimentais, 0os camundongos NOD sao estudados para
compreensdo de processos como sinalizacdo de citocinas (SPOLSKI et al., 2008;
GRINBERG-BLEYER et al., 2010; ABLAMUNITS et al., 2012), antigenos especificos para
as ilhotas de Langerhans (BENDING et al., 2009), processo inflamatorio nas células betas
pancreaticas (JAIN et al., 2008), efeitos da glicose na inflamacéo e vascularizacao das ilhotas
de Langerhans e células betas (AKIRAV et al., 2011) como também genes que podem
modular a suscetibilidade ao diabetes autoimune (CHEN et al., 2011). Tais fatores sdo
determinantes para desenvolvimento de DM1. Os NOD séo considerados bons modelos
experimentais para diversas areas pesquisas. Por desenvolverem espontaneamente DM1, sdo o

modelo experimental que mais se aproxima do DM1 encontrado em humanos.

2.4 Testes Toxicologicos

A toxicologia tem por finalidade estudar os efeitos adversos de substancias quimicas
sobre os organismos Vvivos, tendo por objetivo prevenir tais efeitos, estabelecendo padrdes

para 0 uso de tais substancias. Uma determinada substancia muito toxica pode causar dano a
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um organismo se for administrada em pequenas quantidades, mas uma substancia que s
causa dano em grande quantidade é considerada de baixa toxicidade (OGA, 2003).

Na determinagdo do nivel de toxicidade de alguma substéncia, sdo usados o0s
bioensaios que expdem organismos testes a determinadas concentragdes da substancia
estudada, por um periodo de tempo também padrdo, com o intuito de observar a acdo da

substancia sobre as funcGes bioldgicas fundamentais do organismo teste (SILVA et al, 2002).

2.4.1 Bioensaio com Artemia salina

A Artemia salina € um invertebrado, classe Crustacea e familia Artemiidae, que possui
de 8 a 10 mm de comprimento Figura 7A, com quatro estagios de desenvolvimento sendo
nauplio, metanauplio, pré-adulto e adulto. Nauplios Figura 7B sdo larvas recém-eclodidas,
ndo apresentam segmentos no corpo e ainda com reservas vitelinas como lipideos e

carboidratos (BARBIERI-JUNIOR e NETO, 2001).

Figura 6. Aspectos da Artemia salina: (A: adulto, B: Nauplio)

Fonte: www.bio-peixe.com
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Os ovos da Artemia salina séo encontrados em lojas de alimentos para peixes e outros
crustaceos. Quando desidratados, sdo conservados por longos periodos, mas quando em
contato com agua salina eclodem entre 24-48 horas. Devido a esse ciclo de vida réapido, sdo
utilizados para testes de toxicidade (ANDRIOLLI et al., 2007; LIMA et al., 2009).

Uma das formas de avaliar a toxicidade de substancias é por meio do Bioensaio com
Artemia salina, pois ele é simples, rapido e barato. Os testes de toxicidade frente a Artemia
salina constituem uma ferramenta para analises preliminares, especialmente de compostos
citotoxicos de extratos e produtos de origem natural. E possivel determinar através desse
método a concentracdo letal média (CL50) de substancias e extratos em um meio salino

(ALVES et al. 2000; ARAUJO; CUNHA; VENEZIANI, 2010).

2.4.2 Avaliacéo da toxicidade oral

Avaliacdo da toxicidade oral aguda deve ser feita de acordo com Guideline 423. As
Diretrizes da OCDE para a ensaios com produtos quimicos sao revistos periodicamente e
buscam um acordo internacional sobre as normais de DL50 sobre a classificacdo de
substancias quimicas (OECD, 2001). Os testes usam camundongos fémeas ou machos, que
sdo submetidos a jejum de 4h, suspenso apenas comida, ndo suspendendo agua. Sdo separados
em gaiolas individuais e em geral e administrada dose inicial de 300mg/kg da substancia
estudada que soluvel em agua é diluida em salina (0,9%) como veiculo. Ainda de acordo com
0 Guideline 423 (OECD, 2001) caso a substancia ndo apresente toxicidade devera ser
administrada a dose 2000mg/Kg, mas caso apresente toxicidade, ndo serd administrada a dose
de 2000mg/Kg, mas doses de 50mg/Kg. Como a dose a ser administrada ¢ liquida, ndo podera
ultrapassar 2mL/Kg do camundongo. Os camundongos sdo entdo observados individualmente,

nas primeiras 4 h e depois periodicamente a cada 24 h, por 14 dias. As observagoes devem
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incluir alteracBes na pele, pelo, olhos, mucosas, aparelho respiratério, aparelho circulatorio,
sistema nervoso auténomo e central, da atividade somatomotora e do comportamento. A
atencdo deve ser dirigida a observacdo de tremores, convulsdes, salivacdo, diarreia, letargia,
sono e coma. Animais que sdo encontrados em estado moribundo e 0s animais que
apresentarem dores violentas ou sinais de sofrimento intenso e continuado devem ser
sacrificados sem dor. Quando os animais s&o mortos por razdes humanitarias ou encontrado
morto, no momento da morte deve ser registado com a maior precisdo possivel. Depois desse
periodo de 14 dias sdo eutanasiados. Todas as observacbes devem ser registadas
sistematicamente com registros individuais mantidos para cada animal. E obrigatorio um
grupo para controle negativo, que recebe apenas salina (0,9%), tendo permanéncia e
observacdo igual ao grupo teste.

Para eutanasia apds o término do tratamento, os animais devem ser submetidos ao uso
de medicagdo pré-anestésica clorpromazina 50mg/kg (IM) e em seguida aplicado anestésico

pentobarbital sodico 150mg/kg (IP) (MASSONE, 2008).

2.5 Dor e Inflamacéo

O conceito de Dor de acordo com a Associacdo Internacional para o Estudo da Dor
(IASP, 2008), ¢é “uma experiéncia sensorial e emocional desagradavel, vinculada a uma leséo
tecidular”. O sistema nervoso sensorial é especializado em detectar um estimulo externo e
reagir a tal estimulo dentro das caracteristicas de cada espécie (Figura 8). As proteinas
transdutoras possibilitaram diferenciar o estimulo agressivo do indcuo, assim o0s receptores
nervosos periféricos para a dor ampliam e facilitam a conducéo nervosa apos estimulo de alto

limiar, no intuito de manter as fungdes fisioldgicas e preservar a vida (WALTERS, 1994).

37



Os nociceptores sdo estruturas especificas responséveis pela deteccdo do estimulo

nociceptivo periférico, localizados na porcdo distal dos neurbnios aferentes primarios,

bastante distribuidos em visceras, articulagdes, pele e vasos. Sdo sensiveis a estimulos

térmicos, mecanicos ou quimicos (GARZON et al., 2009; ESPOSITO et al., 2010).

Dependente de fatores periféricos e centrais, a percep¢do a estimulos nocivos, assim

como o limiar da dor para estimulacdo mecénica, diminuem muito em uma area de inflamacéo

(aferéncias primérias estdo sensibilizadas), como também em processos que envolvam

hiperexcitabilidade de longa duracdo de neurdnios nociceptivos do corno dorsal da medula

espinhal (WOOLFE e MACDONALD, 1944; CAUMO, LEVANDOVSKI e HIDALGO,

2009).

Figura 7. Conceitos de dor:

Dor nociceptora
ou inflamatdria

Dor de tipo misto

Dor neuropatica

Produzida pela atividade neural
normal em resposta a estimulos
causadores de dano tecidual;
pode ser aguda ou crénica

Isquemia,
Lombalgia infecgdo
inferior
mecénica
Traumatismo e

lesdo

Artrite

Causada por uma
combinag&o de fatores

Causada por lesdes ou
doengas que afetam o sistema
nervoso (SNP ou SNC)

Herpes-zoster

Enxaqueca

Algumas lombalgias

NPH

Neuralgia do
trigémeo
Compressao
da raiz Dor central
espinal

Polineuropatia sensorial
(p. ex., diabética, na
infecgd@o pelo HIV)

Fonte: (OAKLANDER, 2014).
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Em geral, a dor aguda é vista como um carater protetor, para manutencdo da
integridade do organismo, diferentemente da dor persistente que pode se torna cronica, ndo
sendo mais considerada uma resposta adaptativa e passando a ser independente do estimulo
que a gerou, podendo ser caracterizada como um processo de doenca (CAUMO,
LEVANDOVSKI e HIDALGO, 2009; POHL, et al., 2003).

A inflamagdo ou processo inflamatorio é uma resposta de defesa do organismo a um
agente agressor, tendo por objetivo promover a cura e ou reparo, sendo um processo regulado
por fatores pro e anti-inflamatorios (ZALDIVAR et al., 2006). E coordenado por um amplo
contingente de mediadores quimicos capazes de agir no local da agressdo ou sistemicamente.
Além dos componentes celulares em particular, ainda ha agentes originados do meio externo
que também podem influenciar o processo inflamatorio durante a cicatrizagcdo de ferimentos,
como exemplo contaminagdo bacteriana, deficiéncias nutricionais e alteracbes hormonais.
Farmacos sdo usados como adjuvantes no intuido de minimizar os efeitos deletérios do
processo inflamatdrio e otimizar o reparo (MEDRADO et al., 2008).

Durante o processo inflamatério os agentes de defesa (Sistema imunologico) que
atuardo contra o agressor sao considerados proprios dos tecidos conjuntivos. Por depender dos
vasos para chegar até as areas agredidas, tais agentes efetores da inflamacdo fazem parte do
exsudato e do infiltrado celular. O exsudato representa o conjunto de substancias que
extravasam pelas paredes dos vasos da microcirculacdo na area agredida, enquanto o
infiltrado é o conjunto de células que chega até a area agredida por atravessar a parede das
vénulas e capilares e se “infiltrar” nos espacos teciduais. Sdo considerados componentes do
exsudato inflamat6rio os mediadores de iniciacdo e manutencdo dos fendmenos vasculares
exsudativos, assim como, mediadores com acdo direta sobre o agressor e mediadores para a

manutenc¢do da inflamac&o e atracéo dos leucocitos (CONSOLARO, 2009).
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Figura 9. Aspectos do processo inflamatdrio
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Fonte: http://www.fisioterapiaparatodos.com

Na presenca de um agente agressor (Figura 9) e por consequéncia uma lesdo, a partir
da liberacdo dos mediadores inflamatdrios, de forma sinérgica ocorre uma alteracdo no
mecanismo de transducdo periférica do estimulo nociceptivo. Esse mecanismo aumenta a
sensibilidade de transdugéo dos nociceptores de elevado limiar, ocorrendo reducéo no limiar

de percepcdo do estimulo doloroso, exagerada resposta a estimulos nociceptivos
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supralimiares, hiperalgesia, e dor espontanea (KRAYCHETE; CALASANS e VALENTE,

2006).

2.5.1 Analgésicos e Antiinflamatdrios

A dor estar entre 0s sintomas que com maior frequéncia levam 0s pacientes a procura
de médicos (CAVALCANTI e MADDALENA, 2003). Os recursos terapéuticos atuais
permitem um controle da dor aguda, e certo alivio das dores cronicas (SIQUEIRA, 2015).
Entre tais recursos estdo os analgésicos, medicamentos com funcdo de aliviar a dor, por
blogueio dos estimulos dolorosos antes de chegarem ao cérebro ou pela interferéncia na forma
como o cérebro interpreta esses estimulos, sem levar a anestesia ou perda da consciéncia
(desmaio) (GOODMAN e GILMAN, 2005.).

Medicamentos Analgésicos: Classicamente sdo divididos em dois grupos: 0s
Analgesicos-Antiinflamatérios que sdo de acdo periférica, como exemplo o 4&cido
acetilsalicilico e os Opiodides (ou Hipnoanalgésicos) com acdo central podendo ocorrer
depressdo respiratoria e dependéncia, como exemplo a morfina (CAVALCANTI e
MADDALENA, 2003).

Medicamentos Antiinflamatérios: Tendo como funcdo reduzir o grau de inflamacéo
dos tecidos, séo classificados basicamente em dois grupos: esteroidais e nao-esteroidais. Os
antiinflamatoérios esteroidais (AIEs) incluem os corticoides e seus derivados. Os ndo-
esteroidais (AINES) ou silicilatos sdo os agentes analgésico-antipirético e antiinflamatério
mais prescrito atualmente. Seu principal representante € o acido acetilsalicilico que inibe a
enzima ciclooxigenase 1 e 2 (GOODMAN e GILMAN, 2005).

A ciclooxigenase é uma enzima responsavel pela clivagdo do 4cido araquidénico em

uma das suas vias, formado as prostaglandinas que irdo realizar diversas fungdes nos sistemas

41



organicos para o desencadeamento da reacdo inflamatoria, existem duas ciclooxigenase: a
COX-1 com acdo fisioldgica a COX-2 com acdo de aumentar a resposta inflamatoria
(GRANGEIRO et al, 2008).

A inibicdo da COX 1 (enzima constitutiva) ndo tras beneficios ja que trata-se de uma
enzima importante para a manutencdo da homeostasia. O blogueio da COX 2 (enzima
induzida pela inflamacdo) em parte, tras beneficios ao paciente por evitar a formacéo das
prostaglandinas, que tem por funcdo aumentar a resposta inflatria no organismo, com o
blogueio da COX 2 a resposta inflamatoria passa a ser inibida. (FITZGERALD, 2004,

GOODMAN e GILMAN, 2005.).

2.5.2 Testes antiinflamatdrios e antinociceptvos:

Diante da busca por novas terapias para o tratamento de inflamacéo e dor se torna
necessario o uso de modelos apropriados (SEDGWICK e WILLOUGHBY, 1985). Modelos
animais como os camundongos (Mus musculus) sdo usados atualmente em diversos testes
para analise de atividade anti-inflamatéria e antinociceptiva como exemplo: peritonite
induzida por carragenina (HUAI, 2014), edema de pata induzida por carragenina (FOTSO et
al., 2014), contor¢do abdominal induzidas por &cido acético e método da placa quente
(FOTSO et al., 2014).

Os testes feitos em animais assim como todo experimento cientifico precisa ter um
planejamento experimental com critérios cientificos e estatisticos, onde se faz necessario a
existéncia de pelo menos dois grupos amostrais, um chamado grupo experimental, no qual se
administra um fator da variavel que se deseja saber a influéncia. O outro grupo, denominado

controle sera constituido de elementos que apresentem as caracteristicas do grupo
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experimental, menos a variavel a ele aplicada (MINISTERIO DA JUSTICA DO BRASIL,
2015).

Trabalhos cientificos in vivo para estudos de novas drogas anti-inflamatérias e/ou
analgésicas avaliam seus grupos tratados com as drogas testes comparado-0s com grupos
controle, em geral sdo dois, um controle positivo no qual é administrada alguma droga ja
distribuida em mercado e outro grupo de controle negativo, ou seja, recebe algum placebo em
geral soro fisioldgico, salina 0,9% (CARVALHO et al., 1999; WILLAIN et al., 1997HUAI,

2014).

2.5.2.1 Ensaio Anti-inflamatorio: Peritonite induzida por carragenina

A peritonite consiste em inflamacdo do periténio diante da presenca de bactérias ou
algum componente irritante que estimule a liberacdo de substancias vasoativas, proteases
celulares, endotoxinas e fixacdo pelo complemento com ativacdo do acido aracdénico e em
conseqliéncia, had ativacdo e agregacdo plagquetaria. Ocorrendo a dilatacdo e aumento na
permeabilidade microvascular com passagem de liquido, eletrélitos e proteinas do plasma
para a cavidade abdominal (SWANN e HUGHES, 2000; PAPAZOGLOU e RALLIS, 2001).

Sendo avaliado em camundongos (Mus musculus) no teste de Peritonite o nivel da
resposta imunoldgica junto a inflamacéo diante do agente flogistico, nessa caso carragenina,
onde o Exsudato é coletado e ocorre contagem de leucécitos polimorfonucleares (PMN). O
ensaio anti-inflamatério de peritonite induzido por carragenina é feito com o0s seguintes
grupos: o de controle negativo que recebe placebo em geral solucdo salina (0,9%), o grupo
para controle positivo que recebe a droga padrdo acido acetilsalicilico (100mg/kg) e os
grupos para a droga teste em diferentes doses, em cada grupo). Os agentes sdo administrados

através do peritoneu, onde ira agir o agente flogistico. Ap6s 1 h, é injetada carragenina 0,25ml
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(1% em solucdo salina) por via intraperitoneal, usada como um agente flogistico (GUPTA et
al., 2005). Apds 4 h, os animais sdo submetidos a inalagdo do anestésico Isoflurano com
inducdo a 5% (MASSONE, 2008); posteriormente € feita eutanasia com deslocamento
cervical imediatamente submetida a cirurgia para abertura abdominal. A cavidade peritoneal é
lavada com 2ml de solugdo salina com EDTA. O Exsudato é coletado e a contagem de
leucécitos polimorfonucleares (PMN) seré& determinada por Cell Counter (ABX MICROS 60)

apos diluicdo da amostra em Turk solucdo de (1:200) (GUPTA et al., 2005).

2.5.2.2 Ensaio Anti-inflamatorio: Edema de pata

O teste de edema de pata ocorre devido a resposta inflamatoria induzida pela
carragenina € caracterizada com a formacao de edema resultante da rapida producédo de varios
mediadores inflamatérios. A resposta inflamatoria é bifasica sendo a fase inicial (60-90
minutos) que € atribuida a uma libertacdo de histamina, serotonina e bradicinina, enquanto a
fase tardia (4-6 horas) € devido a super producao de prostaglandina (OGONOWSKI et al.,
1997; MENDES et al., 2010). Esta resposta inflamatdria € normalmente quantificada pelo
aumento no tamanho da pata com a formacao do edema, em geral a medi¢do da pata é feita
por paquimetro, sendo uma resposta modulada por inibidores de moléculas especificas dentro
da cascata inflamatdria, como os anti-inflamatérios ndo-esteroidais (MORRIS, 2003).

O teste consiste no edema da pata em camundongos (Mus musculos) que é induzido a
partir de uma injecdo subplantar de 0,1ml de carragenina (1%) em solucdo salina (0,9%) meia
hora antes da administracdo das drogas (WINTER et al., 1962), Para todos 0s grupos, as
administracOes das drogas devem ser por via intraperitoneal, para melhor absor¢do. Nos
grupos teste a substancia a ser testada deve ser aplicada em diferentes doses formando mais de

um grupos teste. O grupo de controlo positivo pode receber como droga padrdo acido
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acetilsalicilico 100mg/kg. Os animais do controle negativo devem receber apenas a solucdo
salina (0,9%). Com ajuda de um paquimetro a medicdo da pata deve ser feita a cada hora e
esse acompanhamento do experimento segue por 4 h. Logo apds esse periodo 0s animais
devem ser eutanasiados. O resultado do teste € avaliado diante da atividade inibidora de
inflamacéo da droga teste em comparacdo com a droga do grupo controle positivo e o placebo
do grupo controle negativo é calculada a atividade inibidora usando uma férmula padrao, que
representa o periodo de pico de edema (WINTER et al., 1962). A porcentagem de inibi¢do da
inflamacéo € calculada usando a seguinte equacdo: inibi¢do da inflamacéo (%) = [( VT -Vi)
significancia grupo controle - ( Vf -Vi) significancia grupo de teste / ( Vf -Vi) significancia
grupo controle] x 100 , onde Vf e Vi representam a espessura inicial e final da pata,
respectivamente. Apds o término do experimento 0s animais devem ser submetidos ao uso de
medicacdo pré-anestésica clorpromazina 50 mg/kg (IM) e em seguida sera aplicado anestésico

pentobarbital sodico 150 mg/kg (IP) (MASSONE, 2008).

2.5.2.3 Atividade analgésica: Contor¢do abdominal

O teste de cntorcdo abdominal um modelo quimico de nocicepc¢do que se baseia na
contagem das contor¢fes da parede abdominal seguidas de tor¢do do tronco e extensdo dos
membros posteriores, como resposta reflexa a irritacdo peritoneal e a peritonite produzidas
pela injecdo intraperitoneal de uma solucdo de acido acético 0,08% (WHITTLE, 1964). A
injecdo intraperitoneal do acido acético provoca a liberacdo de uma variedade de mediadores,
tais como a substancia P, bradicininas, prostaglandinas, bem como das citocinas pro-
inflamatorias tais como IL-1, IL-6, IL-8 e TNF-a (PINHEIRO et al., 2011).

Nesse ensaio, 0s grupos sdo pré-tratados de forma intraperitoneal, para que acdo do

agente flogistico ocorra no abdome. O grupo da droga teste podendo ter como veiculo salina
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(0,9%); o grupo controle pode receber como droga padréo &cido acetilsalicilico 100mg/kg; o
grupo controle negativo recebera apenas salina (0,9%). Ap6s 1h, uma dose de 1ml deAcido
acético 1% deve ser injetado via intraperitoneal; apds 10 minutos, o nimero de contorcbes
durante o periodo seguinte de 20 min é contado e a porcentagem de inibi¢do entdo calculada
através da diminui¢do do nimero total de contorcdo nos grupos tratados em comparacdo com
0 grupo controle negativo.

Para eutanasia ap6s o término do tratamento, os animais sdo submetidos ao uso de medicagéo
pré-anestesica clorpromazina 50 mg/kg (IM) e em seguida aplicado anestésico pentobarbital

s6dico 150 mg/kg (IP) (MASSONE, 2008).

2.5.2.4 Atividade analgésica: Método da placa quente

O teste da placa quente (hot plate) utiliza a temperatura como estimulo nociceptivo, é
citado como modelo especifico para a detec¢do de sustancias analgésicas de efeito central,
pois avalia 0 tempo em que 0s animais permanecem sobre uma chapa metéalica aquecida (55 +
0,5 °C) até reagirem ao estimulo térmico com o comportamento de levantar ou lamber as patas
(TITA et al., 2011). As aferi¢bes sdo realizadas nos tempos de 0, 30, 60, 90 e 120 minutos
apos a administracdo das substancias a serem analisadas. O modelo experimental foi
inicialmente descrito por WOOLFE e MACDONALD (1944).

Apenas 0s analgésicos centrais que pela inibicdo do numero de contracdes provocadas
por estimulos quimicos que levam a dor, conseguem aumentam o tempo de resposta dos
animais no teste da placa quente (JULIUS e BASBAUM, 2001; BENEDITO, 2009). A
atividade analgésica frente a estimulos térmicos é assim estudada em camundongos utilizando

0 ensaio da placa quente (MACDONALD et al., 1946; TITA et al., 2011).
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Os grupos sao tratados de forma intraperitoneal. O grupo de controle negativo sera
tratado com salina (0,9%), o grupo controle positivo pode receber morfina (1mg/kg), como
droga padréo, e o grupo teste a nova droga. O tratamento de todos 0s grupos deve ser uma
hora antes da realizacdo do experimento, permitindo assim absor¢do das drogas para que
durante o procedimento os animais estejam sobre acdo das drogas. Os camundongos sao
colocados individualmente em uma chapa quente aquecida a temperatura fixa de 55 + 0,5°C e
0 tempo de resposta ao estimulo é marcado por um temporizador. A permanéncia maxima do
animal devera ser de 60s, para evitar danos.

Apos o termino do tratamento, os animais sdo submetidos ao uso de medicacdo pré-
anestésica clorpromazina 50 mg/kg (IM) e em seguida sera aplicado anestésico pentobarbital

s6dico 150 mg/kg (IP) (MASSONE, 2008).
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar a lectina de folhas de B. monandra (BmoLL) quanto as atividades hipoglicemiante,

anti-inflamatéria e antinociceptiva e determinar sua toxicidade sobre camundongos albinos

Swiss (Mus musculus) e nauplios de Artemia salina.

3.2 Objetivos Especificos:

Estudar toxicidade de BmoLL em ensaio Artemicida e por Testes experimentais in
vivo em camundongos albinos Swiss (Mus musculus).

e Investigar ensaio da atividade Anti-inflamatoria de BmoLL em modelo de peritonite;

e Analisar atividade Anti-inflamatéria de BmoLL em modelo de edema de pata;

e Avaliar atividade analgésica de BmoLL em modelo de contor¢do abdominal,

e Investigar atividade analgésica de BmoLL frente a estimulos térmicos (modelo de

placa quente)

e Avaliar a atividade hipoglicemiante de BmoLL em camundongos NOD;
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Abstract

This work aimed to determine the toxicity of Bauhinia monandra leaf lectin (BmoLL) to mice
and Artemia salina. BmoLL did not induce death and weight loss of mice at 2000 mg/kg b.w.
Also, it did not affect the survival of A. salina at the assayed concentrations (250-1,000
pg/mL). In conclusion, BmoLL is an interesting molecule to investigate pharmacological

applications due to its low toxicity according the two models used in this work.

Keywords: Bauhinia monandra, leaf lectin, risk assessment, acute toxicity.

Lectins are carbohydrate-binding proteins that have been reported to exert toxic effects
on bacteria, fungi, insects and mollusks (Gomes et al., 2013; Paiva et al., 2013; Albuguerque
et al., 2014a,b). The toxicity of lectins to mammals is variable and risk assessments are
essential since these proteins possess a broad range of applications in pharmacology field. For
example, in vivo antitumor, antinociceptive, anti-helmintic, healing, and chemotactic
activities of lectins have been also described (Andrade et al., 2004; Figueiredo et al. 2009,
2010; Melo et al., 2011; Coriolano et al., 2014).

Bauhinia monandra Kurz (Fabaceae), known as “Napoleon’s plume”, “pink Bauhinia”
or “orchid tree”, among other denominations, is a evergreen shrub or tree popularly used with
several medicinal purposes. It is native from Asia but is broadly distributed in Central and
South America. The pods are commonly used to treat intestinal disorders and preparations
obtained from the leaves are applied as anti-inflammatory and to reduce the glycemia in
diabetic patients (Menezes et al., 2007; Ezuruike and Prieto, 2014).

The leaves of B. monandra contain a galactose-specific lectin (BmoLL, B. monandra

leaf lectin), which was isolated with high yield by affinity chromatography on guar gel
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column (Coelho and Silva, 2000). The structure of BmoLL contains a glycosylated subunit of
33 kDa and a non-glycosylated subunit of 26 kDa. This protein showed insecticidal activity
(Macedo et al., 2007) and is able to recognize dengue serotypes selectively (Andrade et al.,
2011). Genotoxicity assessment of BmoLL revealed that it did not show any harmful effect on
DNA but instead displayed a protective antioxidant effect (Sisenando et al., 2009). The use of
B. monandra leaves by maceration or infusion to treat diabetes stimulates the evaluation of
BmoLL hypoglycemic activity. However, it is firstly necessary to determine the toxicity
degree of this lectin. In this work, it was evaluated the toxicity of BmoLL by two models:
acute oral toxicity on mice and Artemia salina (brine shrimp) lethality assay.

The leaves of B. monandra were collected at the campus of the Universidade Federal
de Pernambuco (UFPE), Recife, Brazil. A voucher specimen is archived under number
57,462 at the Herbarium Dardano de Andrade Lima from the Instituto Agronémico de
Pernambuco, Recife. BmoLL was isolated according the protocol previously described by
Coelho and Silva (2000), the leaves were triturated using a blender and 15 g of the resulting
powder were suspended in 150 ml of 10 mM citrate-phosphate buffer pH 6.5, containing 0.15
M NacCl. The suspension was stirred for 16 h at 4 °C and then the material was filtered
through gauze and centrifuged for 15 min at 12,000 g at 4 °C. The supernatant (crude extract)
was treated with ammonium sulfate (60% saturation) for 4 h at 28 °C and then centrifuged
(12,000 g, 4 °C, 15 min). The collected precipitate (0-60% fraction) was ressuspended with
distilled water, dialyzed against 10 mM citrate-phosphate buffer pH 6.5 (containing 0.15 M
NaCl) and loaded onto a guar gel column previously equilibrated with the citrate-phosphate
buffer. Extensive washing was performed until absorbance at 280 nm was zero; the adsorbed
protein (BmoLL) was recovered from the column with 200 mM galactose prepared in citrate-
phosphate buffer (Coelho and Silva, 2000). Following, BmoLL was dialyzed against for

removal of the eluent. Protein concentration was determined according to Lowry et al. (1951).
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Female Swiss mice weighinhg 30 + 2 g (about 50 days old) were obtained from the
biotherium of the Laborat6rio de Imunopatologia Keizo Asami (LIKA) from the Universidade
Federal de Pernambuco and transferred to an animal testing laboratory. The mice were kept
at a temperature of 22 + 2°C with light and dark cycles of 12/12 h (light from 6 to 18 h and
dark from 18 to 6 h) and received food and water ad libitum. The assays performed in this
work were approved by the Ethics Committee on Animal Research from the Universidade
Federal de Pernambuco (process number 23076.055063/2009-61).

Acute toxicity of BmoLL was evaluated according to the instructions of the
Organization for Economic Cooperation and Development (OECD, 2001) using female mice.
The animals were submitted to a food fasting period of 4 h with water ad libitum. Three
animals received BmoLL (in 0.9% sterile NaCl) at 300 mg/kg b.w. by oral administration and
were observed during 14 days (during the first 4 h after treatment and then once a day). A
control group (n=3) received only the vehicle. The toxicity assay was also performed using
the same protocol and a higher dose (2000 mg/kg b.w.) of BmoLL. At the ending of the
experiments, the animals were euthanized using 50 mg/kg b.w. chlorpromazine (i.m.)
followed by 150 mg/kg b.w. sodium pentobarbital (i.p.). Significant differences between
groups were determined using Student’s t test at significance level of p < 0.05.

Toxicity of BmoLL to A. salina was determined according to the method described by
Meyer et al. (1982). Groups of 12-15 A. salina larvae were exposed to BmoLL (250-1,000
ug/mL) diluted in natural seawater to a final volume of 5 mL. After 24 h, the survival rates
(%) were recorded. In the control group, larvae were incubated in seawater. Three
independent experiments were performed in triplicate.

BmoLL did not induce death of mice using 300 mg/kg b.w. as starting dose; thus, we
tested the dose of 2000 mg/kg b.w., according to the instructions of Organization for

Economic Cooperation and Development (OECD, 2001). Again, no death was detected,
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which fits the lectin in Category 5 (LDsy > 2000 mg/kg b.w.) and indicates that it is of
relatively low acute toxicity. No loss of weight was detected in daily analysis (Figure 1A) and
the weight gain at the end of the test was similar in control and BmoLL treatments (Figure
1B). Among the additional observations indicated by OECD it was noted that the mice only
demonstrated sleep.

The lectins comprise a diversified group of proteins in biological aspects due to their
high variability in structural and physico-chemical features as well as in specificity of their
carbohydrate-binding sites (Sharon and Lis, 2004). In this way, their biological effects as well
as toxicity degree to mammals differ. For example, ricin is a heat stable protein able to
poisonous several animals, with LDsy values for mice ranging from 5 pg/kg b.w. (inhalation
and intravenous injection), 20 mg/kg b.w. (intragastric administration) to 30 mg/kg b.w. (oral
ingestion). The high toxicity of ricin has been attributed to the ubiquity of “receptors” for this
lectin in the body of animals (Franz and Jaax, 1997; Garber, 2008). Conversely, the lectin
from Crataeva tapia bark showed a low acute toxicity (LDso higher than 2000 mg/kg b.w.)
when orally administered to mice (Aradjo et al., 2011), similarly to BmoLL. Some lectins
have an intermediate degree of toxicity, such as that from Phaseolus acutifolius seeds, which
affected small intestine, spleen and thymus of CD-1 mice but showed a LDs, of 1100 mg/kg
b.w. (intraperitoneal injection) indicating a still low acute toxicity (Reynoso-Camacho et al.,
2003).

Preparations from B. monandra leaves have been assayed for toxicity in different
situations and low toxicity was also detected, similarly to BmoLL. A methanolic extract from
leaves did not cause mortality of rats when orally administered (8 g/kg b.w.) and did not
promote histopathological effects in liver, spleen, testes and kidneys at 2 and 4 g/kg b.w.
(Alade et al., 2009). The effects of B. monandra leaf extracts on pregnant rats were also

investigated. Aqueous and ethanol extracts (until 7,000 mg/kg/day) did not affect the survival

70



of rats and fetuses; preparations did not promote any malformation of viscera or skeleton. In
addition, the aqueous extract showed a beneficial effect since it promoted increased
implantation and decreased post implantation loss (Mendes et al., 2010).

BmoLL did not affect the survival of A. salina larvae at the tested concentrations. The
lethality assay using this micro crustacean was as indicator of cytotoxicity against tumor cells
as well as toxicity to aquatic environments (Albuquerque et al., 2014a). In this sense, this
result indicates that BmoLL probably is a generally low toxic protein, including aquatic
animals.

In summary, BmoLL is an interesting molecule to investigate pharmacological
applications due to its low toxicity since it was previously proved no mutagenic (Sisenando et
al., 2009) and now demonstrated low toxicity to mice, when orally administered, and low
toxicity to A. salina.
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Figure caption

Figure 1. Assessment of the effects of oral ingestion of BmoLL on weight of mice. Weight of
mice at each day of test in control and BmoLL treatments. Identical letters indicate no
significant differences (p>0.05).
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Abstract

Diabetes mellitus (DM) is a group of metabolic disorders resulting from defects in secretion
and/or action of insulin leading to hyperglycemia. Studies with various plants having folk
medicine reputation for its hypoglycemic potential have shown promising results in
experimental models of diabetes, such as leaf extracts from Bauhinia monandra. Lectins are
proteins or glycoproteins of non-immune origin which recognize and bind carbohydrates in a
specific and reversible approach. This study investigated whether the B. monandra leaf lectin
(BmoLL) have hypoglycemic activity using non obese diabetic (NOD) mice as experimental
model. The NOD mice were treated by intraperitoneal administration of BmoLL (60
mg/kg/day), for 21 days. The lectin effect was compared with the data obtained for a non-
treated diabetic group and non-diabetic (normoglycemic) mice. At the end of treatment with
BmoLL the animals exhibited a significant (p=0.002) reduction (from 307.5£83.3 mg/dL to
137.5+68.3 mg/dL) in blood glucose, reaching value similar to normoglycemic group
(110.5£16.7 mg/dL). The non-treated diabetic group showed glucose concentration >500
mg/dL. Furthermore, the blood concentrations of triglycerides and VLDL-cholesterol were
also significantly reduced by the treatment with BmoLL, as compared with the non-treated
diabetic animals. Therefore, this work suggests that BmoLL was able to control blood glucose
levels to normal values and minimized secondary complications of hyperglycemia. The
results may have a clinical significance for the treatment of diabetes mellitus and may explain

the basis for using B. monandra leaf extract in folk medicine.

Keywords: Bauhinia monandra, leaf lectin, NOD mice, diabetes mellitus, hypoglycemic

action.
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1. Introduction

Diabetes mellitus (DM) is a group of metabolic diseases resulting from deficiencies in
the secretion and/or action of insulin leading to hyperglycemia; it can be classified in types 1
(DM1) and 2 (DM2) according to the etiology [1]. The DML is characterized by the
destruction of the insulin-producing cells (beta cells) of pancreas due to an autoimmune
dysfunction or another cause. It occurs frequently in children and adolescents but also occurs
in people older than 20 years [2,3].

DM represents a high financial cost to society and health systems as well as shows a
high mortality rate. Currently, it affects about 347 million people worldwide and it is
estimated that it will be the 7th leading cause of death in 2030 [4]. Data from 2007 inform
that, in Brazil, the average occurrence of diabetes in the adult population (over 18 years) is
5.2%, representing 6,399,187 people among which 5 to 10% are affected by DM1 [5].

Studies on new therapies for diabetes, in this sense, have been performed using
distinct experimental models. Many of these studies have focused on the search for
compounds that can assist in lowering blood glucose levels and the popular knowledge has
provided basis for investigating plants that are applied to prepare herbal medicines used by
patients with DM1 and DM2 to control glycemia [6]. The species of the genus Bauhinia
(Fabaceae family), known as "paw-of-cow" or "cow's claw", are used for obtaining teas,
infusions and other preparations for treatment of diabetes and infections, for example [7]. The
hypoglycemic effect in rats of aqueous extracts from leaves of Bauhinia monandra [8], B.
megalandra [9], B. variegata [10] and B. forticata [11,12] have been confirmed.

Previous studies in rats with diabetes induced by alloxan showed that aqueous extract
from B. thoningii leaves reduced the glycemia and also promoted a reduction in risk of
coronary heart disease caused by complications of diabetes [13]. Human patients who were

using any medication for DM2 showed a significant improvement in decrease of blood
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glucose levels when also used an infusion from B. forficata leaves [14].

Lectins are proteins that are able to bind carbohydrates specifically and reversibly
[15]. The lectin purified from leaves of B. monandra (BmoLL, B. monandra leaf lectin) is
galactose-specific and can be isolated by affinity chromatography on guar gel column [16].
BmoLL is constituted by a glycosylated subunit of 33 kDa and a non-glycosylated subunit of
26 kDa; it is possible to obtain more than 2 mg of BmoLL from 5 g of the powder from dried
leaves [16]. The biotechnological applicability of BmoLL is large: it possesses ability to
interact with lipid monolayers [17], showed insecticidal activity against larvae of Zabrotes
subfasciatus and Anagasta kuehniella [18], and is able to selectively recognize dengue
serotypes [19]. BmoLL did not show genotoxicity and cytotoxicity in a series of cell-free and
bacterial assays displaying a protective antioxidant effect [20].

There are several models to be used on diabetes mellitus researches. A mice strain
called NOD (non-obese diabetic) is considered an excellent model for DM1 similar to that
found in humans. The NOD strain develops autoimmune diabetes also related to destruction
of insulin-producing cells and was originally obtained in Japan, by inbreeding, from a
cataract-prone strain (ICR) [21,22]. The incidence of spontaneous diabetes varies among 50
and 90% in females or among 0 and 20% in males, depending on intrinsic factors of the
colony [21]. The mice of this strain that develop DM usually show an impairment of 95%
beta-cells [23].

The hypoglycemic action of extracts from leaves of Bauhinia species, including B.
monandra, stimulates the identification of the active principles. In this study we investigated
the effect of BmoLL on reducing blood glucose levels of NOD female mice when injected
intraperitoneally. Furthermore, the effects of BmoLL on blood levels of triglycerides, total

cholesterol and VLDL-cholesterol were also evaluated.
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2. Materials and Methods

2.1. Plant material

B. monandra leaves were collected at the campus of the Universidade Federal de
Pernambuco (UFPE), Recife, Brazil. A voucher specimen is archived under number 57,462 at
the Herbarium Déardano de Andrade Lima from the Instituto Agronémico de Pernambuco,
Recife. The leaves were washed with tap water and dried at 28 °C for 2-3 days; following,

tissues were powdered using a blender.

2.2. Animals

NOD mice are maintained in the Centro Multidisciplinar para Investigacdo Bioldgica
na Area do Laboratério de Ciéncia Animal (CEMIB) at the Universidade Estadual de
Campinas (UNICAMP), Campinas, Sédo Paulo, Brazil. The colony was originated from
matrices maintained at the Laboratory INSERM U-25 Neker, Paris, France. The animals were
kept at a temperature of 22 £ 2°C with light and dark cycles of 12/12 h (light from 6 to 18 h
and dark from 18 to 6 h). The mice received food and water ad libitum in the animal vivarium
under sanitary conditions and free of known pathogens (SPF). The mice are fasted for 12 h
and after this period they have free access to food. Animals were anesthetized
intraperitoneally with sodium thiopental (Thiopentax, Cristalia Chemicals Pharmaceuticals
Ltd., Brazil) at the end of treatments and sacrificed (Itoh et al., 1997). This work was
approved by the Ethics Committee on Animal Research (process number 23076.055063/2009-

61; UFPE).

2.3. Purification of BmoLL

BmoLL was purified by a previously defined protocol [16]. B. monandra leaf powder
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(15 g) was added to 150 ml of 10 mM citrate-phosphate buffer pH 6.5, containing 0.15 M
NaCl. The mixture was kept overnight at 4 °C under gentle shaking using a magnetic stirrer.
Next, the material was passed through gauze and centrifuged for 15 min at 12,000 g at 4 °C.
Ammonium sulfate at 60% saturation was added to the supernatant in order to precipitate
proteins; the material was kept under gentle agitation at 28 °C for 4 h and then centrifuged
(12,000 g, 4 °C, 15 min). The precipitate (0-60% fraction) was ressuspended with distilled
water in a final volume of 20 ml and dialyzed against 10 mM citrate-phosphate buffer pH 6.5,
containing 0.15 M NaCl. The 0-60% fraction was loaded onto a guar gel column previously
equilibrated with the citrate-phosphate buffer. Extensive washing was performed until
absorbance at 280 nm was zero; the adsorbed protein (BmoLL) was recovered from the
column with 200 mM galactose prepared in citrate-phosphate buffer. BmoLL was evaluated
for hemagglutinating activity, after dialysis against distilled water, according to Correia and
Coelho [24] and protein concentration according to Lowry et al. [25]. Purified BmoLL was

stored at -20 °C.

2.4. Treatment of diabetic mice with BmoLL

The fasting blood glucose of female mice, after 10 weeks of age, was checked weekly
using a glycophyte (Optium Xceed, Abbott Diabetes Care, USA), withdrawing blood sample
from the animal tail vein. Mice that showed glucose levels greater or equal to 250 mg/dL were
considered diabetic [26] and used in assays. The maximum threshold detection of the
glycophyte used is 499 mg/dL. Thus, blood glucose levels higher than this value were
considered as >500 mg/dL.

The effect of intraperitoneal treatment with BmoLL was evaluated in groups of
diabetic mice treated with the lectin during 21 days. Each group (n=4) was formed by female

NOD mice that had developed diabetes; one group was intraperitoneally treated with BmoLL
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at 60 mg/kg/day (BmoLL-treated diabetic group) and another was treated with distilled water
(Non-treated diabetic group). A third group of non-diabetic animals (mice that did not
develop diabetes from the 10" week of life) was monitored to evaluate normoglycemia levels

(Non-diabetic group). Each treatment was performed in triplicate.

2.5. Biochemical analysis

The blood glucose levels from diabetic mice treated or not with BmoLL as well as
from non-diabetic group was determined weekly during the 21 days of treatment. All glucose
measurements were performed after a fast period of 12 h.

Blood samples were withdrawn, at the 21* day of treatment, for evaluation of lipid
profile by determining total cholesterol, VLDL-cholesterol, triglycerides and HDL-cholesterol
levels. All these parameters were measured by kits of enzymatic methods (Labtest

Diagnostica, Brazil).

2.6. Body and liver weight evaluation

To analyze the gain or loss of weight of mice during the period of 21 days it was
determined the weight of animals at the starting time of treatment and weekly until the end
(21% day). The starting time for each group corresponded to the time when diabetes was
detected and thus treatment was started (initial weight and relative value of 100%). The
weight of livers was determined at the 21% day after sacrifice. The behavior of mice every day

along experiment duration was also observed.

2.7. Statistical analysis
Results were expressed as mean + standard deviation; the significance of differences

between the groups was assessed using the Student’s t-test (significance at p<0.05).
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3. Results

Figure 1 shows the results from the weekly monitoring of the blood glucose levels
from diabetic NOD mice treated or not with BmoLL. Time zero did not show significant
difference (p>0.05) among hyperglycemic peaks of the group which would be submitted to
treatment with BmoLL and the group that would receive only distilled water. The non-
diabetic group showed normoglycemic level of 104.25 + 22.43 mg/dL. BmoLL-treated
diabetic group showed a decrease in blood glucose levels from the first week of treatment.
The mean blood glucose level was 186.5+109.3 mg/dL at the 7™ day, with a high standard
deviation value. The blood glucose levels did not alter significantly (p>0.05) in the
subsequent two weeks, however, there was a considerable decrease in the standard deviation
which can be linked to a better stabilizing effect of the lectin on glucose levels. The non-
treated diabetic group, in the same period, showed a significant (p<0.05) increase in blood
glucose concentration, reaching 443.5+28.6 mg/dL at the 7™ day and levels higher than 500
mg/dL at 14" and 21% days. The non-diabetic group showed similar normoglycemic levels
during all the experiment. BmoLL-treated group at the last week (21% day) showed glucose
levels below that used to consider mice as diabetics (i.e. lower than 250 mg/dL) and close to
the levels from non-diabetic (normoglycemic) group.

Diabetic mice treated with BmoLL, in comparison with the non-treated diabetic group,
showed significantly lower (p<0.05) triglyceride and VLDL-cholesterol levels while there
was no significant difference regarding total cholesterol and HDL-cholesterol levels (Table
1). The HDL-cholesterol level in mice treated with BmoLL, in comparison with the non-
diabetic group, was lower while VLDL-cholesterol and triglycerides were higher (Table 1).

Figure 2 shows the results from the comparison among the initial weight of mice and

their weight at the end of treatment. Non-diabetic group showed a discrete weight gain along
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the 21 days of experiment but this increase was not statistically significant (p>0.05). The
group treated with BmoLL presented a slight weight loss within the first 7 days of treatment
(relative value of 96.9 + 1.2%), the same period in which the blood glucose levels were not
stable (Figure 1). The mice at the 14™ and 21* day did not show significant reduced weight in
regard to initial weight (relative values of 98.9% * 1.1 and 99.8 + 1.3%, respectively). Weight
loss was detected in non-treated diabetic group throughout the experiment (relative value of
87.1 + 2.0% at the 21°* day).

The ratio between liver weight and total weight of mice at the 21y day was
determined. The data (Figure 3) showed that ratios determined for BmoLL-treated diabetic
group and non-diabetic group were similar, with no statistically significant difference. On the
other hand, non-treated diabetic group showed an average ratio very higher (p<0.05) than
those of the other groups.

Observations regarding the behavior of mice during the 21 days of treatment indicated
that control group showed a much greater volume of urine (although it was not determined the
precise volume of urine) and a difficulty in vision, suggesting the occurrence of polyuria and
loss of vision as consequence of diabetes. These aspects were not observed in the other

groups.
4. Discussion

The purification of BmoLL in milligram amounts using the procedure established by
Coelho and Silva [16] allowed the investigation of its in vivo hypoglycemic activity. Our

study aimed to yield a scientific basis for the popular use of B. monandra leaf extracts in

order to reduce glycemia in diabetic people. Hypoglycemic effect in rats induced by aqueous
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extracts from leaves of B. monandra has been reported [8] but this activity was not attributed
to any specific component.

The NOD mice that developed autoimmune diabetes by destruction of insulin-
producing cells were used to evaluate BmoLL effect as well as a control group (non-treated
diabetic). Some mice, as expected, did not reveal diabetes (normoglycemic) and then they
were separated into a non-diabetic group; at the end of experiment, it was also observed
whether these mice, in addition to be normoglycemic, did not show classic effects of diabetes.
The characteristics determined in BmoLL-treated group were compared with those from both
non-treated diabetic and non-diabetic groups.

The control group exhibited hyperglycemia that increased along the time. The results
showed that BmoLL was effective in decreasing the serum glucose levels of diabetic NOD
mice. Interestingly mice treated with BmoLL showed levels of glucose near to those found in
the group that did not develop diabetes. These data suggest that BmoLL was able to
compensate the lack of insulin production at least in regard to avoid high glucose
concentrations in plasma.

Ojezele and Abatan [13] detected hypoglycemic activity of a B. thoningii leaf extract
and hypothesized that the mechanism may involve inhibition of glucose absorption at
digestive tract level as well as glycolysis stimulation and inhibition of gluconeogenesis.
BmoLL, as a carbohydrate-binding protein, can interact with glycosylated molecules and
receptors that are involved with absorption and metabolic use of glucose and thus may act in a
similar form to that referred by these authors.

It is known that patients with uncompensated DM1 usually develop several
complications resulting from deregulation of glucose and lipid metabolisms. There is a high
mobilization of fatty acids from adipose tissue, in the absence of insulin, leading to an

increased concentration of fatty acids circulating in the blood. The exacerbated lipid
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mobilization results in increased production of ketone bodies, causing diabetic ketoacidosis
and weight loss [27,28]. There is a stimulation of gluconeogenesis in the liver due to the high
levels of glucagon hormone [29], whose secretion is increased due to the absence of counter-
regulatory mechanisms exerted by insulin. Additionally, the liver receives excess of fatty
acids from the blood and then increases production of VLDL particles and triglycerides.
However, the VLDL released by the liver accumulates in the blood vessels because the
endothelial lipases are down-expressed (due to the absence of insulin) and the elevated blood
levels of fatty acids derived from adipose tissue decrease the lipolysis of VLDL triglycerides.
All these effects are accompanied by reduced levels of HDL. In this sense we analyzed the
lipid profile and body weight of mice after the 21 days of experiment.

Animal models with induced diabetes also develop dyslipidemia, which is usually
reversed by treatments that promote reduction of blood glucose [30,31]. The hypoglycemic
action of BmoLL was accompanied by triglycerides and VLDL-cholesterol levels lower than
those in non-treated diabetic group, which suggest that the lectin also interfere in the lipid
mobilization. The HDL-cholesterol level, however, remained similar to that of control and
lower than in normoglycemic group.

Bauhinia extracts have been evaluated for effects on plasma lipid profiles from
animals, both diabetic or not. Ethanolic and aqueous extracts from the stem bark and root of
B. variegata promoted reduction in VLDL and trygliceride levels of Albino male Wistar rats
[10]. The authors suggested that flavanoids would be involved in this property and these
extracts were also able to promote an increase in HDL levels. Alloxan-diabetic rats treated
with aqueous, ethanolic and hexanic extracts of B. forficata leaves showed reductions in blood
glucose, triglycerides, and total cholesterol in comparison with non-treated diabetic rats;

however these extracts did not alter LDL levels and also decreased HDL levels [11]. Pure
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BmoLL showed more interesting results since this lectin, although did not interfere in HDL
levels, was able to reduce the blood concentration of LDL-cholesterol.

The non-diabetic group showed no significant variations in body weight while the
non-treated diabetic mice continually lose weight at the same time as they presented
increasing hyperglycemic levels. BmoLL-treated group loses weight in just the first seven
days when it still showed hyperglycemia but from the 15™ day the mice recovered the lost
weight showing final values near to the initial weight. These results allow considering a clear
relationship between reduction of glucose levels by BmoLL and weight regain.

When the process of insulin compensation of DM patients is beginning, the excessive
administration of insulin may lead to development of hepatomegaly, which can be reversed by
adjustment of insulin dose. This occurs because the hyperinsulinization leads to glycogenosis
by excessive accumulation of glycogen [32,33]. To evaluate if the administered BmoLL dose
(60 mg/kg/day) could be excessive, we investigated if mice treated with the lectin developed
hepatomegaly. The data obtained (Figure 3) showed that the ratio liver/body weight was
similar in BmoLL-treated and non-diabetic groups revealing that the lectin dose did not result
in hepatomegaly as a side effect. On the other hand, diabetic mice showed an increased ratio
between liver and body weights probably as a result of metabolic imbalance caused by
diabetes.

The difficulty in vision and polyuria observed in control group (untreated diabetes) are
reported as consequences of diabetes. The poorly controlled DM results in microangiopathies
such as retinopathy which is known as the most frequent cause of blindness [34,35]. We
observed that BmoLL-treated diabetic group and normoglycemic mice did not show difficulty
in vision suggesting that the lectin effect also prevented this complication of diabetes.

The increase in urine volume in diabetes has been linked to intense thirst (polydipsia)

due to disturbances in water balance and electrolytes as well as increased filtration of glucose
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by the kidney, which exceeds the capacity of reabsorption by the proximal tubule. The
polyuria can cause hypotension and the lack of insulin also causes efflux of K™ resulting in

hypocalcaemia.

5. Conclusion

BmoLL was able to reduce the blood glucose levels of diabetic NOD mice for
normoglycemic levels. The hypoglycemic effect of BmoLL was accompanied by reversion in
the trend of weight loss by mice observed to non-treated diabetic group. BmoLL treatment
also minimized complications of diabetes such as dyslipidemia (although HDL levels

remained low) as well as prevented the occurrence of polyuria and loss of vision.
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Fig. 1. Blood glucose levels from diabetic NOD mice treated or not with pure BmoLL at time
0 (zero), before treatment, as well as after 7, 14, and 21 days of treatment (three groups, n =
4). A non-diabetic (normoglycemic) group was also accompanied during the same period. The
BmoLL-treated diabetic group received a dose of 60 mg/kg/day; the non-treated diabetic
group received vehicle (water). After 7 days, BmoLL-treated group showed a statistically
significant difference (p<0.05) as compared with non-treated diabetic group. The BmoLL-
treated group compared with non-diabetic (normoglycemic) group did not show statistically

significant difference (p>0.05).
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Fig. 2. NOD mice weighing during the assay period, divided into time O (zero), start of
treatment, as well as after 7, 14 and 21 days of treatment. The groups were: non-treated
diabetic group (water); BmoLL-treated diabetic group (60mg/kg/day), non-diabetic
(normoglycemic) group. Different lowercase letters indicate significant (p<0.05) differences
between the values determined for non-treated diabetic group at different times. Different
uppercase letters indicate significant (p<0.05) differences between the values determined for
BmoLL-treated diabetic group at different times. Different symbols indicate significant

(p<0.05) differences between the values determined for non-diabetic group at different times.
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Fig. 3. Average per group of the ratio (%) between liver weights and body weights from NOD
mice, divided into the following groups: non-treated diabetic group (water); BmoLL-treated
diabetic group (60mg/kg/day), non-diabetic (normoglycemic) group. Different letters indicate

significant differences (p<0.05) between treatments.
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Table 1: Lipid profile in NOD mice from BmoLL-treated diabetic, non-treated diabetic, and
non-diabetic (normoglycemic) groups. The values were determined at the end of experiment

(21% day after treatment beginning).

Plasma lipid Groups Reduction
(mgfdL) Non-treated Non-diabetic BmoLL- promoted
diabetic (normoglycemic)  treated diabetic (%)
Triglycerides 348.7£128.7 a 73.6x14.9D 115.5+48.1 b 66.9
Total cholesterol 89.0+12.7 a 74.7£149 a 65.7+48.1 a 26.1
VLDL-cholesterol  69.7+25.7 a 14.7+£3.0b 23.1#9.6 b 66.9
HDL-cholesterol 30.7£3.7 a 42.4+4.8 b 30.2+5.3a -

Different letters indicate significant differences (p<0.05) among treatments.
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ABSTRACT

Bauhinia monandra, a plant popularly known in Brazil as “cow's hoof” is widely used in folk
medicine, contain a leaf galactose-specific lectin (BmoLL). This study aimed to evaluate the
potential anti-inflammatory and antinociceptive activity of BmoLL in mice. The lectin was
purified through ammonium sulfate fractionation followed by guar gel affinity
chromatography column. Anti-inflammatory activity was evaluated by 1% carrageenan-
induced inflammation in mice treated with pure BmoLL (15, 30 and 60 mg/kg, i.p.). Acetic
acid-induced abdominal writhing and hot plate methods evaluated antinociceptive activity.
BmoLL significantly inhibited the carrageenan-induced paw edema by 47% (30 mg/kg) and
60.5% (60 mg/kg); acetylsalicylic acid showed 70.5% inhibition, in comparison to controls. In
a dose-dependent manner, BmoLL leukocyte migration was significantly reduced; in mice
treated with acetylsalicylic acid the decrease in leukocyte migration was similar to BmoLL
with 15 mg/kg. BmoLL at doses of 15, 30 and 60 mg/kg significantly reduced the number of
animal contortions by 43.1, 50.1 and 71.3%, respectively. The lectin (30 and 60 mg/kg)
showed a significant effect in the hot plate assay. BmoLL anti-inflammatory and
antinociceptive effects were dose-dependent; the lectin potent properties may have potential

as a natural product for pharmacological purposes.

Key words: Bauhinia monandra; leaf lectin; anti-inflammation; galactose-specific lectin; paw

edema; analgesic potential.
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INTRODUCTION

Lectins are proteins or glycoproteins of non-immunogenic origin that possess
carbohydrate-binding sites able to interact reversibly and specifically with sugars through
hydrogen bonding, hydrophobic interactions and Van der Waals forces (Kennedy et al., 1995;
Coelho et al., 2012). These proteins are molecules of recognition ability within a cell, between
cells or organisms, and play important physiological roles. Studies focusing on the
applications of plant lectins have identified biological activities that may confer diverse
pharmacological properties to pure preparations obtained from several vegetal parts such as,
seeds, bark or leaves (Santos et al., 2013). Lectins, among other activities, can be insecticide
(Macedo et al., 2007; Araujo et al., 2012; Agra-Neto et al., 2013; Paiva et al., 2013),
antifungal (Vaz et al., 2009), antiviral (Sharma et al., 2009), antibacterial (Oliveira et al.,
2008; Costa et al.,, 2010), antiproliferative (Aranda-Souza et al., 2014), antiplatelet
aggregation (Ganguly & Fossett, 1981; Silva et al., 2012), anti-diabetic (Rocha et al., 2013),
antiparasite (Fernandes et al., 2010), wound healing (Coriolano et al., 2014), analgesic (Leite
et al., 2012) and anti-inflammatory (Aradjo et al., 2013a). A large amount of lectin proteins
are found in Leguminosae plants, mainly in the subfamilie Papilionoideae, but few lectins are
from subfamilies Caesalpiniodeae and Mimosoideae (Silva et al., 2007; Pinto et al., 2008).

The genus Bauhinia (Caesalpiniodeae) is largely found in tropical regions, including
Africa, Asia and South America, and in Brazil, this plant is known as “cow's hoof” due to its
leaf shapes (Coelho & Silva, 2000). Plants from this genus acted as anti-diabetic agents
(Fuentes et al., 2004) and prolonged blood clotting (Oliva et al., 2010). The Bauhinia lectins
have been isolated from B. purpurea (Young et al., 1985), B. monandra (Coelho & Silva,
2000; Souza et al., 2011), B. pentandra (Silva et al., 2001), B. variegata (Lin & Ng, 2008;

Pinto et al., 2008), B. bauhinioides (Silva et al., 2011) and B. forficata (Silva et al., 2012).
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Coelho and Silva (2000) were the first to report the presence of a lectin (BmoLL) in the leaves
of B. monandra, which are able to bind specifically and reversibly to galactose. Souza et al.
(2011) obtained another galactose-specific lectin (BmoRoL) from B. monandra secondary
roots with termiticidal activity on Nasutitermes corniger and antifungal activities against
phytopathogenic species of Fusarium. Previous studies have reported some biological
activities of BmoLL, such as insecticidal action (Macedo et al., 2007), but to the best of our
knowledge there is no information about the pharmacological activity of this lectin. Thus, the
present study aimed to investigate the anti-inflammatory and antinociceptive potential of

BmoLL.

MATERIALS AND REAGENTS

Chemicals and Reagents

Acetylsalicylic acid (ASA), propylene glycol, and A-carrageenan were purchased from
Sigma Chemicals Co. (St. Louis, MO, USA). Acetic acid, ether, chloroform, acetone,

methanol and other solvents were from Merck (Darmstadt, Germany).

Sample Collection and BmoLL Purification

A voucher specimen of B. monandra, number 57462, is available at the Herbarium
“Dérdano de Andrade Lima” of the “Instituto Agrondémico de Pernambuco — IPA”, from
Recife, PE, Brazil. Briefly, B. monandra leaves were collected from ornamental trees in the
city of Recife, washed with distilled water, dried at 28 °C for 2-3 days, powdered, and

extracted (10%, w/v) at 4°C for 16 h in 10 mM citrate phosphate buffer containing 150 mM
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NaCl, pH 6.5. The extract was fractionated with ammonium sulfate (60% saturation) at 28 °C
for 4 h; after centrifugation (12,000 x g, 4 °C, 15 min), the precipitate was ressuspended in
distilled water and dialyzed in the buffer. The sample was applied into a guar gel affinity
column made with guar gum (Guaran; Sigma ChemicalCo., St. Louis, MO, USA), which was
previously equilibrated with the buffer. After removing the unbound fraction, BmoLL was
eluted with 330 mM galactose in the buffer (2mL/6 min), according to the procedure
described by Coelho and Silva (2000). Hemagglutinating activity of BmoLL was evaluated
according to Coelho et al (2012), protein concentration was quantified (Lowry et al., 1951)

and the purified lectin was stored at -20 °C.

Animals

Male Swiss white mice (Mus musculus), 60 days old, weighing 30 + 5g were obtained
from the Laboratory of Immunopathology Keizo Asami (LIKA) from the Federal University
of Pernambuco (UFPE). The animals were separated into groups (N = 6) and housed in cages
at a constant temperature of 22 £ 2 °C, with 12 h dark-light cycle, with free access to standard
chow (Labina, Agribands Brazil Ltd.) and water ad libitum. The animals were fasted for 4 h
prior use for determination of anti-inflammatory and antinociceptive activities.

All experimental procedures were performed according to the guidelines for the Care
and Use of Laboratory Animals, and the study was approved by the Ethics Committee for

Animal Care and Use (CEUA) of the Bioscience Center of UFPE (Of. number 259/10).

Assay of Anti-inflammatory Activity by Carrageenan-induced Edema

100



Carrageenan was used to induce mice paw edema, as one of the two assays to evaluate
the anti-inflammatory effect of BmoLL. The mice paw edema was induced by the injection of
freshly prepared solution of 1% carrageenan (0.1 ml) in 0.9% NacCl, into the sub plantar tissue
of the right-hind paw of each mouse, half hour prior to intraperitoneal administration of
BmoLL (Winter et al., 1962). Lectin doses were chosen according to a pilot experiment; 3
groups of animals (N = 6) were treated with 15, 30 and 60 mg/kg BmoLL (i.p.), a positive
control group received 100 mg/kg acetylsalicylic acid (ASA), and the negative control group
received just vehicle (0.9% NaCl).

The paw volume was measured by one caliper rule (Kanon- Staineless Mardened) at 0,
1, 2, 3 and 4 h immediately after the sub plantar injection of carrageenan, and the data
obtained for each animal were recorded. Increase in paw thickness measured the difference in
paw at 0 h and at the respective experimental hours. The results obtained for the various
groups were reported as mean + SD and expressed in millimeter. The percentage of
inflammation inhibition was calculated using the following equation: inhibition of
inflammation (%) = [(Vf-Vi) control group mean — (Vf-Vi) test group mean / (Vf-Vi) control
group mean] x 100, where Vf and Vi represent the initial and final paw thickness,

respectively.

Assay of Anti-inflammatory Activity by Carrageenan-induced Peritonitis

Peritonitis was evaluated as described by Foster et al. (1986). Groups of animals (N=6)
were deprived of food overnight, pre-treated intraperitoneally with 0.9% NaCl (negative
control), ASA (positive control, 100 mg/kg) and BmoLL (15, 30 and 60 mg/kg), and after 1 h
the animals received an intraperitoneal (i.p.) injection of 1% carrageenan (1 mL). Four hours

after the carrageenan injection the animals were sacrificed by cervical dislocation, and saline
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(2 mL) containing 1 mM EDTA was injected into the peritoneal cavity, immediately a brief
massage was done; the peritoneal exudate was withdrawn and used for total leukocyte cell,
mainly neutrophils, counting in a Cell Counter (ABX MICROS 60). The results expressed the

number of leukocytes x 103/mm3.

Assay of Antinociceptive Activity by Acetic Acid-induced Abdominal Writhing

Abdominal writhing based of a contraction from the abdominal muscle together with a
stretching, induced by agent nociceptive (0.8% acetic acid) with intraperitoneal injection
(Koster et al., 1959). Groups of male mice received intraperitoneal injection of BmoLL (15,
30 and 60 mg/kg), ASA (100 mg/kg) and saline (control group) 1 h prior to administration of
acetic acid (0.8%, i.p.). The number of writhing reflexes was counted for 20 min. A
significant reduction of writhes in animals treated with BmoLL compared to those in the

control group was considered as an antinociceptive response.

Assay of Antinociceptive Activity by Hot plate test

The central analgesic activity against thermal stimuli applied the hot plate test
(MacDonald et al., 1946). The animals were individually placed in a hot plate heated at 55 +
1.0 °C and response to the stimulus was measured at time 0, 30, 60, 90, and 120 min after the
first thermal stimulus. The maximum stay of the animal on the hot plate was 60 s to avoid
damage. A control group was treated with saline, another group with morphine (1 mg/kg,
I.p.), and the assayed groups received BmoLL (15, 30 and 60 mg/kg; i.p.) 1 h before

performing experiments.
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Statistical analysis

The results obtained for the various groups were as mean + standard deviation (SD).
Statistical evaluation was carried out by one-way analysis of variance ANOVA, followed by
Tukey’s post hoc test with the significance level set at P<0.05 using PRISMA (GraphPad

Software, Inc., San Diego, CA, version 5.01).

RESULTS

Anti-inflammatory Activity by Carrageenan-induced Paw Edema and Carrageenan-induced

Peritonitis

Figure 1 shows the effect of BmoLL on paw edema induced by carrageenan in mice.
Injection of carrageenan into the hind paw induced a progressive edema. Administration of
BmoLL showed a significant (P<0.05) anti-inflammatory effect by reducing the paw edema in
a dose dependent manner. BmoLL inhibited 47% and 60.5% the inflammation at the
concentrations of 30 and 60 mg/kg, respectively. Treatment of the animals with ASA reduced
70% the paw edema.

The induction of inflammation with carrageenan into the peritoneal cavity caused a
migration of leukocytes. In a dose-dependent manner, BmoLL leukocyte migration
significantly reduced when compared with the control group (saline), as shown in Figure 2. In
the peritoneal fluid of the group treated with ASA (100 mg/kg) there was a decrease in

leukocyte cellular migration, similar to BmoLL group treated with 15 mg/kg.
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Antinociceptive Activity by Acetic Acid-induced Abdominal Writhing and by Hot Plate Test

The administration of BmoLL in different concentrations (15 — 60 mg/kg) showed a
significant reduction (43.1 — 71.3%) in the writhing induced by acetic acid administration,
compared with the control group treated with saline (Figure 3) but relatively less than
compared to ASA (100 mg/kg). A significant decrease by 92.7% of writhing occurred in the
group treated with ASA, the positive control for anti-nociception.

Figure 4 shows the analgesic response of groups treated with the various
concentrations of BmoLL. The group of mice treated with a dose of 30 and 60 mg/kg (i.p.) of
BmoLL showed a significant analgesic response (P <0.001) compared to control (saline), in
the form of increased reaction time of mice to jump or lick paws in MacDonald et al. (1946)
hot plate method after 90 min. The result with 60 mg/kg BmoLL was similar to that observed
for the group treated with the standard drug (morphine 1 mg/kg) after 90 and 120 min. There

was no analgesic response for the group treated with low dose of BmoLL (15 mg/kg).

DISCUSSION

Carrageenan-induced paw edema is a most-valuable model to investigate anti-
inflammatory effect of natural and chemical products. Inflammatory reactions, characterized
by vascular and cellular events, have an important role in the activation of cyclooxygenase
(COX) resulting in the release of inflammatory mediators such as prostaglandins and
leukotrienes. Considering the significant effect presented by BmoLL to reduce substantially
paw edema induced by carrageenan, analyzed at different times, we can assume that this

lectin may have inhibitory action on the release of inflammatory mediators.
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The anti-inflammatory activity of BmoLL corroborate with the lectin purified from the
seeds of Clitoria fairchildiana (CFAL), which showed anti-inflammatory activity of 64% on
paw edema induced by carrageenan (Leite et al., 2012). Previous studies showed that some
lectins have anti-inflammatory activity by reducing the rolling and adhesion of neutrophils on
the endothelium, which may possibly be due to a competitive inhibition of glycosylated
selectin binding sites on the membranes of leukocytes and endothelial cells. Thus, it is
suggested that lectins can inhibit the vascular inflammation mediated by adhesion of immune
cells (Assereuy et al., 1997; Rocha et al., 2011). Therefore, we can suppose that the anti-
inflammatory potential of BmoLL may be a result of vascular inflammation inhibition by
adhesion of immune cells to endothelium.

In addition to the vascular inflammation processes, the migration of leukocytes is a
key factor for promoting the inflammatory process (Napimoga et al., 2007). Thus, by using
the model of peritoneum inflammation to evaluate the migration of leukocytes in
inflammatory response it was demonstrated in this study that BmoLL significantly reduced
cell infiltration in all assayed doses. Experimental studies have demonstrated the inhibition of
leukocyte migration by different anti-inflammatory mechanisms. Napimoga et al. (2007)
demonstrated that Lonchocarpus sericeus lectin decreased leukocyte migration and
inflammatory response via inhibition of cytokine and chemokine production. In this context,
lectin from Luetzelburgia auriculata seeds promotes reduction of inflammation by inhibiting
adhesion and rolling of leukocytes, and modulates histamine and prostaglandins (PEG2) in
inflammation animal models (Alencar et al., 2010). Therefore, we can suppose that the
peritoneum inflammation inhibition mediated by administration of BmoLL may be a result of
reduction of cytokines and chemokines release involved with the leukocytes migration.

The experimental model of writhing by injecting an irritant product such as acetic acid

in mice is a chemical method used to assess nonspecific central and peripheral analgesic
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activity (Dannerman, 1977) of the test product, which infers from the reduction in writhing
frequency. There will be an increase in the peritoneal fluid by inducing the release of
chemical mediators and therefore a direct stimulus via activation of chemo sensitive
nociceptors (Zhangh et al., 2005). Therefore, the analgesic effect presented by BmoLL may
be due to the anti-inflammatory effect in the inhibition of these mediators.

Recently, studies have shown that plant lectins can display antinociceptive effect via
lectin domain interaction (Leite et al., 2012). Considering the clear association between
inflammatory processes and development of pain, a classical sign of inflammation, the
BmoLL antinociceptive effects may be associated directly with decreasing inflammation.
Lectins from Lonchocarpus sericus and Canavalia boliviana show antinociceptive activity
associated with inhibitory effects on leukocyte migration and hipernociception via inhibition
of cytokine and chemokine production (Napimoga et al., 2007; Figueiredo et al., 2009).

On the other hand, model nociception from a thermal stimulus is commonly used for
evaluating the central analgesic effect. In the present work, we could observe that BmoLL
was able to increase the latency time and the best result was found when the animals were
treated with the higher dose (30 and 60 mg/kg). Consistent with the findings reported here,
other studies with lectins obtained from Brythamnion seaforthii (Vieira et al., 2004),
Canavalia boliviana (Figueiredo et al., 2009), and Canna limbata (Aradjo et al., 2013b)
observed a significant increase in the latency time of animals on the hot plate. In this method,
the thermal sensation stimulates sensory fibers run through synapses to the cortex, resulting in
the perception of warmth. We report that antinociceptive activity of BmoLL is already
associated with peripheral analgesic activity. Our findings may also be attributed to a direct
BmoLL effect on specific central nervous system receptors related to opioid molecules which
may act as an antagonist binding to stereo specific and saturable receptor sites in the brain,

spinal cord and other tissues, providing the relieve of pain, as proposed by Pires et al. (2013)
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with Canavalia brasiliensis lectin. Therefore, our study demonstrates that BmoLL have
antinociceptive effect not only on the peripheral system, but also on the central nervous
system. Moreover, reinforcing the hypothesis that antinociceptive response of lectin may be
explained by their specificity for different sugars, which could enhance the lectin-

carbohydrate interaction and cell receptors.

CONCLUSIONS

BmoLL has potent anti-inflammatory and antinociceptive properties and this could
explain the basis for the use of B. monandra in folk medicine. Furthermore, the results
provided experimental evidence for the effectiveness of the traditional use of B. monandra in
treating diseases associated with inflammation and pain, and that BmoLL may have potential

as a natural anti-inflammatory product for pharmacological purposes.
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Figure captions

Figure 1. Effect of BmoLL in the thickness of the right posterior edema of mice. ASA,
acetylsalicylic acid. Values are expressed as mean * standard deviation. Significant difference

in comparison to the control group: *P<0.05.

Figure 2. Effect of BmoLL in the leukocyte migration in the model of carrageenan-induced
peritonitis. ASA, acetylsalicylic acid. Values are expressed as mean + standard deviation.

Significant difference in comparison to the control group: *P<0.0001.

Figure 3. Effect of BmoLL in the number of writhes in the model of nociception induced by
acetic acid. ASA, acetylsalicylic acid. Values are expressed as mean + standard deviation.

Significant difference in comparison to the control group: *P<0.0001.

Figure 4. Analgesic effect of BmoLL in latency time in the hot plate assay on mice. ASA,
acetylsalicylic acid. Values are expressed as mean + standard deviation. Significant difference

in comparison to the control group: *P<0.001.
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Figure 3
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8. CONCLUSAO

BmoLL é uma molécula interessante para ser estudada mais profundamente quanto ao
seu potencial farmacoldgico, desde que ndo apresentou toxicidade aguda para camundongos
ndo induziu a morte nem perda de peso na dose de 2000 mg/kg de peso corporal como
também ndo afetou a sobrevivéncia de A. salina nas concentragdes ensaiadas (250-

1,000ug/mL).

Interessante também sua atividade hipoglicemiante onde BmoLL além de reduzir os
niveis de glicose no sangue de camundongos NOD diabéticos para niveis normoglicémicos,
também minimizou complicacdes como dislipidemia e perda de peso. Também apresentou
propriedades antinociceptivas nos testes de contorcdo abdominal e placa quente, anti-
inflamatdrias nos testes de edema de pata e peritonite.

BmoLL demonstrou possiveis atividades bioldgicas potentes nos diversos testes
realizados, além de ndo apresentar toxicidade, sendo interessante como produto natural para

fins farmacoldgicos, sendo necessario estudo para compreensdo dos mecanismos de acéo.
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