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RESUMO

Diferentemente do observado em outros envenenamentos por
serpentes da familia Viperidae, nos causados pela Cdt ndo se observam
sinais inflamatérios significativos no local da picada. Estudos preévios
mostram que o VCdt inibe a resposta inflamatéria aguda e algumas
atividades biologicas de macréfagos, principal célula do processo
inflamatério crénico. Nesse trabalho verificou-se o efeito do VCdt sobre o
edema de pata crénico induzido pela injecdo intraplantar de BCG em
camundongos. Na concentracdo utilizada, o BCG evoca um edema crénico
que é significativamente inibido pelo pré-tratamento dos animais com o VCdt
(s.c.). Essa inibicéo persistiu por todo o periodo estudado (15 dias). O grupo
gue recebeu o veneno 1 h apos a injecdo de BCG também apresentou perfil
de edema inibido em relacdo ao grupo controle, de forma semelhante ao
observado no grupo pré-tratado com o veneno. Os grupos tratados com o
VCdt 6 ou 11 dias apos a injecdo do BCG apresentavam edema de
magnitude semelhante até o dia da injecdo do veneno, sendo observada
uma inibicdo significativa desse edema no dias subsequentes a injecdo do
veneno. Uma vez constatado esse efeito inibitério do VCdt sobre o edema
inflamatério crénico induzido pelo BCG, estudou-se qual a fracdo do veneno
seria responsavel por esse efeito. Os resultados indicam que a crotoxina, e
nao outros componentes deste veneno seja a responsavel por essa inibicao.
Estudando-se possiveis mecanismos envolvidos nessa inibicdo, a reverséo
da inibicdo induzida pelo VCdt observada em grupos pré-tratados com
dexametazona e zileuton, sugerem fortemente a participacéo de mediadores
originados na via das lipoxigenases, no efeito inibitério do VCdt sobre esse
modelo de inflamacao cronica. Em conclusédo, os resultados indicam que a
crotoxina do VCdt possua uma significativa acéo inibitoria sobre o edema
cronico induzido pelo BCG, possivelmente pela geracdo de mediadores

antiinflamatdrios da via das lipoxigenases.

Palavras-Chave: inflamacao cronica; edema; BCG; Crotalus durissus
terrificus;veneno de serpente; crotoxina



ABSTRACT

Unlike others envenoming induced by Viperidae snakebites, in the
one caused by Crotalus durissus terrificus (Cdt) significant inflammatory
signs at the site of the bite are not observed. Previous studies have shown
that the venom (V) of this snake inhibits the acute inflammatory response
induced by other phlogistic agents, such as thioglycollate and carrageenan,
as well as inhibits some biological activities of macrophages, the main cell in
the chronic inflammatory process. Here, we study the effect of VCdt on the
chronic paw edema induced by intraplantar injection of Bacillus Calmette-
Guérin (BCG) in mice. At the concentration used, BCG evokes a chronic
edema, which was significantly diminished in animals pretreated
subcutaneously with VCdt. This inhibition persisted throughout the study
period (14 days). In group that received the venom 1 h after injection of BCG
the edema profile was also diminished when compared to the control group,
as observed in the group pre-treated with the venom. In mice treated with
VCdt 6 or 11 days after injection of BCG, we observed a significant inhibition
of edema only in the days after the venom injection. Once verified the
inhibitory effect of the VCdt on chronic inflammatory edema induced by BCG,
we studied what fraction or toxin would be responsible for this effect. The
results indicate that crotoxin, and not other components of this venom, is the
responsible by this effect. Studying possible mechanisms involved in this
inhibition, we observed that pre-treatment with dexamethasone or zileuton
abrogate the inhibitory effect of VCdt on the edema induced by BCG. These
results strongly suggest that the VCdt can stimulate the generation of
mediators from the lipoxygenase pathway, which can act on the edema of
this model of chronic inflammation. In conclusion, the results indicate that
crotoxin of the VCdt has a significant inhibitory effect on BCG-induced
chronic edema, possibly by the generation of inflammatory mediators from

the lipoxygenase

Key Words: chronic inflammation; edema; BCG; Crotalus durissus terrificus;
shake venom; crotoxin
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INTRODUCAO

No Brasil, as serpentes do género Crotalus causam o segundo
maior nimero de acidentes por ofidicos peconhentos notificados, com cerca
de 8% dos casos, sendo que, no estado de Sdo Paulo (regido de Ribeirdo
Preto e Botucatu), a porcentagem de acidentes por esta sub-espécie
aumenta para 25% (Barravieira,1990). A maioria destes acidentes é
provocada pela espécie Crotalus durissus terrificus (Cdt), e sdo considerados

os acidentes ofidios mais graves em nosso Pais (Ministério da Saude, 2001).

Figura 1 - Serpente Crotalus durissus terrificus

Por possuir um veneno predominantemente neurotéxico,
miotdxico, 0s sintomas observados em pacientes apds a picada pela Cdt
caracterizam-se pelo aparecimento do chamado “facies miasténico” ou
“facies neurotdxico”, com ptose palpebral, diplopia, flacidez da musculatura
facial e paralisia dos nervos cranianos (Rosenfeld, 1971; Azevedo-Marques

et al., 2009). Além destes sintomas neurotdxicos, esse envenenamento pode
14



apresentar disturbios hemostéaticos, rabdomidlise, e alteragBes renais,
podendo haver insuficiéncia renal em casos graves (Azevedo-Marques et al.,
2009).

A resposta sistémica desse envenenamento resulta da acdo das
principais toxinas identificadas no veneno de Cdt. Dentre elas estdo a
crotoxina, a giroxina, a crotamina e a convulxina.

A crotoxina € o componente majoritario presente no veneno de
Cdt, tendo sido esta a primeira toxina isolada de um veneno ofidico (Slotta e
Franquel-Conrad, 1938). Essa toxina € uma f-neurotoxina heterodimeérica,
formada pela unido nédo covalente de duas subunidades, uma fosfolipase A,
(FLA,-CB) e uma proteina chaperona, sem atividade toxica ou enzimatica,
denominada de crotapotina (CA). A crotoxina apresenta uma massa
molecular de 24 a 26 KDa, ponto isoelétrico de 4,7 e apresenta atividade
neurotoxica que, pela sua acao nas terminacfes nervosas motoras, inibe a
liberacdo de acetilcolina pelos impulsos nervosos, sendo a responsavel pelo
bloqueio neuromuscular (Vital Brazil, 1972). Possui também uma potente
atividade miotoxica sistémica (Gopalakrishnakone, 1984; Stoker, 1990).

A crotapotina (subunidade CA) possui massa molecular de 8.9
KDa, com ponto isoelétrico de 3.4, ndo possui atividade enziméatica e toxica.
Em relacdo a sua funcédo, existem evidencias de que CA pode agir como
uma molécula carreadora, potencializando atividade letal de CB, porém com
diminuicdo da atividade enzimatica dentro do complexo crotoxina (Bon et al.,
1989; Choumet et al., 1996).

A giroxina, assim denominada por induzir em camundongos
movimentos giratérios ao longo do seu eixo longitudinal (Barrio, 1961), foi
posteriormente identificada como o componente do veneno que apresenta
atividade coagulante do tipo-trombina (Alexander et al., 1988), sendo a
responsavel pelo quadro de incoagulabilidade sanguinea presente em
aproximadamente 40% dos pacientes envenenados. A giroxina, uma
glicoproteina com massa molecular de 33 a 35 KDa, € um componente
toxico e néo letal do veneno crotalico.

Crotamina e convulxina sao outras toxinas isoladas do veneno de
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Cdt, porém seus efeitos ndo sdo identificados nas manifestacdes do
envenenamento humano. A crotamina causa paralisia espastica, quando
injetada na cavidade peritoneal de camundongos (Barrio e Brazil,1950;
Laure, 1975). E uma proteina com massa molecular de 4.8 KDa e ponto
isoelétrico de 10.3, representa 17% do peso do veneno total (Moura-
Gongalves e Arantes, 1956). J4 a convulxina € uma glicoproteina que
representa 5% do peso do veneno e esta associada a crises convulsivas
quando injetada pela via endovenosa em camundongos. Essa toxina
mostrou-se um potente agente agregante sobre plaquetas (Prado-
Franceschi e Vital Brazil, 1981).

Acdo miotdéxica do veneno de Cdt é atribuida a crotoxina e a
crotamina. A capacidade de produzir lesdes sistémicas no tecido muscular
esquelético foi comprovada pela biopsia de material retirado em local
diferente do da picada, onde a microscopia O6ptica apresentou fibras
necroticas misturadas a fibras aparentemente normais (Salvini et al, 2001).
Alteracbes séricas de CK e DHL e suas isoenzimas, sugeriam também
agressao preferencial as fibras do tipo I ou lla, mas existem fortes evidencias
que ndo ocorram lesdes ao musculo cardiaco (Azevedo Marques et al.,
2009).

Diferente do observado em outros envenenamentos por serpente
da familia Viperidae, nos causados pela Cdt ndo se observam sinais
significativos no local da picada (Amorim et al, 1951; Rosenfeld, 1971,
Azevedo-Marques et al., 2009). Informacdes colhidas da literatura tém
mostrado que o veneno de Cdt ou substancias isoladas deste veneno sdo
capazes de interferir na resposta inflamatoria e imune, além de um potente
efeito analgésico do tipo opidide (Giorgi e col, 1993).

Além de nao causar dor intensa, o veneno mostrou-se capaz de
causar analgesia em humanos, sendo utilizado no tratamento de algias de
origem neoplasica, principalmente no inicio do século passado (Brazil, 1934;
Brazil, 1950). Estudos demonstraram a participacdo de receptores opidides
(Giorgi et al., 1993) do tipo delta (Picolo et al., 2000) no efeito analgésico

observando em modelo de placa quente. Tem sido demonstrada a acgao
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analgésica do veneno de Cdt em dores crbnicas. Exemplo disto sdo as dores
neuropaticas, como também as de origem neoplasica (Nogueira Neto et al.,
2008 ; Sampaio et al., 2010).

Os efeitos sobre o sistema imune foi evidenciado que o veneno de
Cdt ou a crotoxina apresentam acao supressora sobre a resposta
imunolégica humoral (Cardoso & Mota,1997), onde foi observado
decréscimo nos niveis de anticorpos anti-ovoalbumina e que a auséncia de
resposta inflamatéria local em envenenamentos experimentais nao esta
relacionada a producdo enddgena de glicocorticoides (Cardoso e Mota,
1997; Cardoso et al, 2001).

Estudos sugerem que a crotapotina (componente CA da
crotoxina) inibe, in vitro, a proliferagdo de linfécitos, e este efeito é atribuido
a producdo de prostaglandina E, por macrofagos (Garcia et al., 2003).

Além disso, Landucci e colaboradores (1995) mostraram que a
crotapotina inibe o edema de pata de ratos induzido por carragenina ou por
fosfolipases A, isoladas de venenos animais.

Sousa-e-Silva et al (1996) e Sampaio et al (2001) demonstraram
que o veneno de Cdt injetado no subcutaneo de animais, além de nao
induzir uma resposta inflamatodria  significativa, inibe o efeito de
espraiamento e a atividade fagocitica de macréfagos, um importante
componente do processo inflamatério agudo e crénico. Estudos posteriores
demonstraram que a crotoxina € a responsavel por esse efeito inibitorio
(Sampaio et al., 2003) e existem fortes evidencias de que esta inibicdo seja
mediada pela geracdo de lipoxina (Sampaio et al, 2006). A administracao de
VCdt em camundongos, imediatamente apos a administracdo intraperitoneal
de tioglicolato, induz a diminuigdo do numero de leucocitos que migram para
a cavidade peritoneal, além de induzir a inibi¢cdo in vitro do espraiamento e
da capacidade fagocitica de macrofagos peritoneais (Sousa-e-Silva, 1996).

Experimentos mostram que o veneno de Cdt e a crotoxina
diminuem a intensidade do edema de pata agudo induzido por carragenina.
Essa resposta inibitéria € de longa duracdo e depende da ativacdo de

receptores de peptideos formilicos (Nunes et al, 2007, Nunes et al., 2010).
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1.1 Inflamagéo

Ha relatos histéricos e arqueoldgicos que estas descricbes
clinicas da inflamacdo foram encontradas em papiros egipcios,
aproximadamente 3000 a. C.

Celsius, século | d.c., foi o primeiro autor a relatar os quatros
sinais cardiais da inflamacéo, que devido ao aumento de fluxo sanguineo e a
dilatacdo dos vasos , apresenta : rubor; devido ao aumento da
permeabilidade vascular: tumor; como resultado do aumento da temperatura
local: calor e pela passagem de células do sangue circulante no local da
injuria: dor (Rocha-e-Silva e Garcia-Leme,1972). Posteriormente, a perda de
funcdo foi acrescentada por Virchow, como o quinto sinal clinico.

Define-se a inflamacdo como uma reacdo do tecido vivo
vascularizado a uma injuria, podendo a lesdo ser causada por estimulos
mecanicos, quimicos, por invasdo de microorganismos ou a
hipersensibilidade (Kumar et al.2005). Trata-se de um processo fisiol6gico,
que inclui a liberacao de substancias pro- e anti-inflamatéria pelo organismo
afetado, na tentativa de regular o processo, retornando a homeostasia
(Cabral et al., 2005). Dependendo do tipo e persisténcia do agente lesivo, a
resposta inflamatoéria pode ser classificada como aguda ou cronica (Kumar et
al., 2005).

Diferente da resposta imune, a inflamagdo € uma resposta
inespecifica e ndo possui memoria (Rankin, 2004), e encontramos
comprometimentos de eventos vasculares, celulares e linfaticos (Osborn,
1990).

1.2 Mediadores da inflamacéo

Véarios eventos se apresentam na resposta inflamatéria
caracterizada por uma vasoconstricdo imediata seguida de um aumento do

fluxo sanguineo devido a vasodilatacdo. O aumento da permeabilidade
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vascular & presente neste momento levando a um extravasamento de
proteinas plasmaticas, ocasionando formagdo de edema e também a
migracao de células inflamatorias para o local. (Kumar et. al. 2005).

Estes eventos ocorrem principalmente devido a presenca de
substancias endogenas liberadas apds o estimulo que levou a lesdo, os
quais denominaram de mediadores inflamatoérios (Saadi et al.,2002).

Os primeiros mediadores a serem liberados no processo
inflamatodrios sdo as aminas vasoativas, histamina e serotonina. A histamina
pré-formada se faz presente em mastdcitos e é liberada pela desgranulacao
dessas células apds estimulo vérios, tendo como consequéncias a dilatacao
das arteriolas e o aumento na permeabilidade das vénulas. A serotonina (5-
hidroxitriptamina) é um mediador que se assemelha & histamina, sendo
liberada por plaquetas quando ocorre agregacdo plaquetaria ap6s contato
com colageno, trombina, difosfato de adenosina (ADP) ou complexo
antigeno-anticorpo (Kumar et al.,2005).

Pela acdo da enzima fosfolipase A, sobre fosfolipidios de
membrana sao produzidos os mediadores lipidicos, ocorrendo degradacéo
de acido araquiddnico e liberacdo de seus derivados, os eicosanoides que
sdo mediadores de diversas condicbes patoldgicas especialmente nos
processos inflamatérios (Cabral et al., 2005).

Dentre os eicosanoides, a prostaglandina E, (PGE;), esta
envolvida no processo de dor, possui efeito vasodilatador que, em
combinacdo com outros agentes, causa extravasamento de fluidos para
tecidos adjacente provocando edema. Outro derivado é a prostaciclina
(PGI,) encontrada na parede dos vasos, além de ser um inibidor de
agregacao plaquetaria, possui efeito vasodilatador e causa aumento do fluxo
em vénulas pos-capilares (Majno e Joris, 2004). A PGD, € o principal
metabdlito da via da ciclooxigenase e causa vasodilatacdo e aumento da
permeabilidade das vénulas pds-capilares potencializando o edema (Kumar
et. al., 2005).

As lipoxinas, mediadores também gerados, pela via das

lipoxigenase, também possuem atividade anti-inflamatérias. A lipoxina A4
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inibe a migracdo de neutrdfilos, a liberagdo de interleucinas-1p (1L-1B) por
essas células (Moncada, 1992) e ainda estimula a fagocitose de neutrdfilos
apoptoticos por macréfagos (Godson et al, 2000). As lipoxinas A4 e B4 séo
geradas pela acdo das enzimas 12-lipoxigenase de plaquetas ou da 5-
lipoxigenase de macrdfagos sobre o leucotrieno A4 liberado pelos neutrdéfilos
(Serhan e Sheppard, 1990; Levy et al., 1993; Bonnans et al., 2002) .

As principais acfes das lipoxinas sao inibir o recrutamento
leucocitario e os componentes celulares da inflamacéao, retardando a entrada
de novos leucécitos nos locais inflamados, inibindo a quimiotaxia dos
neutréfilos e sua adesdo ao endotélio (Kumar et. al., 2005; Serhan e Sauvill,
2005). As lipoxinas que possuem uma relacao inversa entre a quantidade de
leucotrienos formados, sugerindo que as mesmas possam ser reguladores
negativos da acdo dos leucotrienos (Serhan e Savill, 2005).

No processo inflamatério ha ainda uma nova classe de
mediadores derivados do acido araquiddnico, as resolvinas, elas inibem o
recrutamento e ativacdo dos leucécitos, em parte através da inibicdo das
citocinas (Kumar et. al., 2005; Serhan e Savill, 2005).

Em conjunto, a acdo dos mediadores pro- e anti-inflamatorios
podem conduzir a resposta inflamatéria aguda para a sua resolucéo
completa. Caso haja uma consideravel destruicdo tecidual, pode haver a
substituicdo do tecido afetado por tecido conjuntivo, ou seja, por uma
cicatrizacdo do tecido. Ainda, caso a resposta inflamatoria persista devido a
persisténcia do agente flogistico ou auséncia de cicatrizacdo, pode haver

uma evolugdo para um processo inflamatério crénico (Kumar et al., 2005).
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Figura 2 - Geragdo dos metabolitos do acido aracdonico e seu papel na inflamagédo

1.3 Farmacos anti-inflamatoérios

Dexametasona — é um farmaco anti-inflamatério esteroidal, que
agem ligando-se a receptores especificos de alta afinidade que apos a
interacdo o receptor ativado migra para o nucleo e liga-se a elementos de
resposta aos esteroides no DNA. Ocorre repressdao ou inducdo da
transcricdo génica, a repressado € obtida através da inibicdo da acdo de
fatores de transcricdo como AP-1 (ativador protein-1) e NF-kB (nuclear fator-
Kappa B), que inibem os genes da COX-2, de varias citocinas e fatores de
moléculas de adeséao, bem como a iNOS (Rang et al., 2004). A inducao da
transcricdo génica promove 0 aumento da sintese de uma proteina, a
lipocortina-1 ou anexina-1, que exerce efeito de inibicdo sobre a expressao
da fosfolipase A2, seguido de uma diminuicdo da producéo de produtos
derivados do acido araquidénico, tanto os gerados pela via da cicloxigenase
como da lipoxigenase (Czock et al.,2005).

Indometacina — farmaco anti-inflamatoério ndo esteroidais (AINES)
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que inibe as enzimas COX-1 e COX-2 impedindo dessa forma a sintese de
prostandides e tromboxanos (Rang et al., 2004).

Encontramos também entre os anti-inflamatorios ndo esteroidais o
Celecoxib que inibe especificadamente a COX-2, que impede a sintese de
prostaglandinas, evitando reagOes adversas que afetam particularmente o
trato gastrointestinal como observado como o uso de um anti-inflamatério

nao seletivo para cicloxigenase (Rang et. al ., 2004).

Figura 3 - Vias de medicagdes e seu bloqueios

1.4 Inflamagéo Crdnica

Embora haja dificuldades em definir efetivamente uma inflamacao
cronica ela é considerada uma inflamacdo prolongada, onde ocorrem
simultaneamente a inflamagao ativa, a destruicdo de tecido e a tentativa de
reparar a injuria. A inflamacdo crénica, embora seja decorrente de uma
inflamagé@o aguda, ocorre de maneira insidiosa, assintomatica e com uma
reacao nado tao intensa (Kumar et al., 2005).

A inflamagdo cronica pode ser decorrente de infecgbes

persistentes pela presenca determinados microrganismos, virus, fungos e
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parasitas; da exposi¢cdo prolongada a substancias toxicas, exdgenas ou
enddgenas; ou de doencas autoimunes.

Diferente da inflamacdo aguda, em que observamos alteracdes
vasculares e infiltrado celular predominante de neutrofilos, a inflamacao
crbnica é caracterizada por presenca de infiltrado de células mononucleares,
como macrofagos, plasmacitos e linfécitos. Pode haver também destrui¢cdo
tecidual, como resultado da presenca persistente do agente nocivo ou pela
presenca das células inflamatorias e a substituicdo do tecido danificado por
tecido conjuntivo, com o objetivo de efetuar a cicatrizacéo, resultado da
angiogénese e, em particular, fibrose.

Na inflamac&o cronica, diferente da aguda, ocorre um acumulo de
macrofagos que se mantém onde héa diversos fatores agindo. Os macréfagos
presente, na sua maioria séo recrutados entre os mondcitos circulantes. Este
recrutamento € resultado da expressdo das moléculas de adesao e fatores
guimiotaticos, sendo os macrofagos uma vez ativados por citocinas das
células T, especialmente o IFNy ou por outro estimulo sendo este nao
imunoldgico, como a endotoxina, e outros tipos de células ativadas — MCP-1:
fatores de crescimento e TGF-a; fragmentos da degradagao do colageno e
fibronectina; e fibrinopeptidios todos podem estar ou ndo envolvidos
depende da situacdo (Kumar et al., 2005).

Os macréfagos sdo componentes do sistema mononuclear
fagocitario. Este sistema consiste em células intimamente relacionadas que
se originam na medula 0ssea, incluindo mondcitos sanguineos e macréfagos
teciduais (Kumar et al., 2005). Os macréfagos sao caracterizados
morfologicamente como uma célula grande, medindo entre 25-50 um de
didametro, nucleo irregular e excentricamente posicionado, com um ou dois
nucléolos e cromatina dispersa (Ross e Auger, 2002). Apresenta complexo
de Golgi bem desenvolvido, em posi¢céo justa nuclear, nimero variavel de
vesiculas, caracterizadas pela sua acdo secretora, pela mobilidade e por
serem células com grande capacidade fagocitica (Gordon,1986; Ross e
Auger, 2002)

Essas células tém um importante papel na resposta inflamatoria e
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imunoldgica e sdo encontradas em diversos 6rgaos e tecidos, bem como em
cavidades serosas como o peritdnio. Em tecidos ou 6rgaos, estas células
permanecem quiescentes como células residentes, com baixa atividade
funcional, e tornam-se ativadas através de estimulacdo inflamatoria ou
imunoldgica (Hamilton, 2002).

Os microrganismos, agentes nocivos ao organismo Sao
eliminados pelos produtos dos macréfagos ativados e a seguir inicia-se a
processo de reparacdo, sendo também responsaveis em grande parte pela
lesdo tecidual na inflamacéo crénica. Estes mesmos produtos toxicos para o
microrganismo também o sdo para as células do hospedeiro ou matriz
extracelular (proteases); algumas causam liberacdo de citocinas e/ou fatores
qguimiotaticos; enquanto outras causam proliferacdo de fibroblastos, com
deposicao de colageno e angiogénese (Kumar et.al.,2005)

A proliferacéo local dos macréfagos ocorre de maneira efetiva em
algumas les@es inflamatoérias crbnicas, como as placas de ateroma como
também através de determinadas citocinas e lipidios oxidados podem levar a

imobilizacdo dos macréfagos no local de inflamacéo.

1.5 Inflamagéo e Veneno Crotalico

Estudos demonstram que o veneno da serpente Crotalus durissus
terrificus possui um efeito anti-inflamatério quando utilizado em modelos de
inflamacédo aguda, mas, até o0 momento, ndo existem informagdes sobre o
possivel efeito desse veneno sobre a inflamagéo cronica.

Estudos preliminares sugerem que no veneno crotalico possa
interferir em processos inflamatdérios crénicos, uma vez que, em animais
tratados sistematicamente com este veneno ocorre uma inibicdo da
migracdo de macréfago para membranas de nitrocelulose ou laminulas
implantadas no tecido subcutaneo (Rosa, 2002), com a inibicdo da formacgéo
de células gigantes multinucleadas (Rosa, 2002; Schnyder e Gongalves,
2008). Esse efeito do VCdt é presente, mesmo quando o veneno é aplicado

dias apds o implante de laminulas no tecido subcutaneo de camundongos
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(Schnyder e Gongalves, 2008)

O modelo de implante de laminulas no tecido celular subcutaneo
se mostra ideal para o estudo da participacdo celular nesse processo
inflamatorio. Ja o modelo de edema de pata seria mais apropriado para o
estudo da mediacdo farmacoldgica envolvida nesse efeito inibitorio do
veneno de Cdt no processo inflamatério crénico e, por esse motivo,
estudaremos o efeito do VCdt no edema inflamatorio crénico induzido pela
injecdo intraplantar de Bacilo Calmette-Guérin (BCG).

Quando injetado no tecido celular subcutaneo do coxim plantar de
camundongos, o BCG induz uma resposta inflamatéria edematogénica
cronica, caracterizada pela participacdo de um intenso infiltrado
mononuclear.

O fato do veneno de Cdt ndo induzir uma resposta inflamatoria
significativa e interferir na atividade de células importantes da regulacéo
inflamatoria, deste veneno pode resultar uma ferramenta para
desenvolvimento de estudo de novos agentes farmacoldgicos que regulem

as diferentes fases da resposta inflamatoria.
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2. OBJETIVO

Assim sendo, 0 presente projeto tem por objetivo geral, estudar
uma possivel acao inibitéria do veneno bruto de Crotalus durissus terrificus e
seus componentes, sobre o desenvolvimento de uma resposta inflamatoria

cronica induzida por BCG em camundongos.

2.1 Como objetivo especifico

2.1.1 Estudar os efeitos do VCdt sobre a resposta inflamatoria

cronica induzida pela injecao intraplantar de BCG em camundongos.

2.1.2 Identificar a toxina responsavel pelo efeito inibitorio.

2.1.3 Caracterizar o mecanismo dessa inibicdo, utilizando

farmacos anti-inflamatorios.
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3. MATERIAL E METODOS

3.1 Animais

Foram utilizados camundongos Swiss machos, com peso entre
18-22¢, obtidos no Biotério Central do Instituto Butantan. Os animais foram
mantidos no Biotério do Laboratorio de Fisiopatologia, com livre acesso a
agua e racao, pelo menos dois dias antes dos experimentos, para prevenir
os efeitos decorrentes da variacdo ambiental. A utilizacdo dos animais
seguiu as recomendacdes éticas preconizadas pela Sociedade Internacional
de Toxicologia e pela Sociedade Brasileira de Ciéncia em animais de
Laboratorio (SBCAL/COBEA) e o0s protocolos experimentais foram
realizados apés aprovacdo na Comissdo de ética no uso de Animais de

Experimentacédo do Instituto Butantan (CEUAIB).

3.2 Veneno e Toxinas

Foi usado veneno de serpentes da espécie Crotalus durissus
terrificus (VCdt), liofilizado, extraido de varios exemplares adultos, fornecido
pelo Laboratério de Herpetologia do Instituto Butantan. O veneno foi mantido
a -20°C e as solucdes preparadas, com salina estéril (NaCl 0.15 M), no
momento da utilizagdo. Em todos os modelos experimentais, oS animais
foram tratados com 1,5ug/100uL de VCdt por via subcutanea (s.c) no dorso
do animal, em dose Unica, e os resultados foram comparados aos obtidos
em animais controle injetados com 0 mesmo volume de salina, pela mesma
via.

As fragdes do veneno utilizadas nesse estudo foram gentilmente
cedidas pela Dra. Maisa Splendore Della Casa, do Laboratorio de
Imunopatologia do Instituto Butantan. O veneno foi submetido a uma
cromatografia de troca ibnica em coluna de troca anidnica (MONO-Q HR 5/5,
em sistema FPLC), conforme descrito previamente Rangel-Santos et al,
(2004). Fracdes (1 mL/ min) foram eluidas por um gradiente linear de NaCl

(0 a 1M) em um tampéao Tris/HCI 50 mM, pH 7.0. Com esse procedimento,
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trés picos sao obtidos, sendo o pico Il o correspondente & crotoxina. A
homogeneidade da crotoxina foi checada por eletroforese em SDS-PAGE
(Laemmli, 1970) e a sua atividade, testada pela sua acéao letal e pela acéo
fosfolipasica (Santoro et al. , 1999). As fracfes toxicas dos picos | e Ill foram

utilizadas, inicialmente, sem purificagao posterior.

3.3 Agente flogistico

Foi utilizado como agente flogisticos o ONCO-BCG (bacilo
Calmete-Guerin), preparado com bacilos vivos atenuados de Mycobacterium
bovis, cepa Moreau, cujo lote-méae foi fornecido pelo Statens Seruminstitut
de Copenhague, Dinamarca e mantido no Instituto Butantan como lote-
semente, sua apresentacdo € na forma liofilizada. O BCG foi injetado em
uma concentracédo de 8 X 10° de BCG em 30ul de solucdo salina no coxim
plantar de camundongos. Essa concentracdo foi baseada em dados de
literatura (Moura e Mariano, 1996).

O ONCO-BCG (bacilo Calmete-Guerin) produz reacdo
inflamatéria no local de aplicacdo, também usado como tratamento
adjuvante imunoterdpico, ndo especifico, para o tratamento de pacientes
com carcinoma superficial de células de transicdo ou com carcinoma papilar
da bexiga. O BCG induz no individuo vacinado imunidade celular do tipo

hipersensibilidade tardia e humoral.

3.4 Planejamentos Experimentais

Para se identificar o efeito inibitério do VCdt sobre o edema de
pata crénico induzido pelo BCG, grupos de animais foram pré-tratados (s.c.)
com veneno 1 h antes de receberem a BCG no coxim plantar. Animais
controle foram pré-tratados com salina pela mesma via.

Para se verificar o efeito do veneno apos a instalagdo do processo
cronico, grupos de animais receberam uma injecdo intraplantar de BCG.

Destes, um grupo recebeu o veneno (s.c.) 1h apos o BCG, outro recebeu o
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veneno 6 dias apds a injecdo do BCG, e um terceiro grupo recebeu o
veneno 11 dias ap6s o BCG. Os receptivos grupos controle receberam
salina no lugar do veneno.

Para se verificar qual a fracdo toxica responsavel pelo efeito
inibitorio, trés grupos de camundongos foram pré-tratados com cada um dos
picos resultantes da cromatografia em coluna MonoQ, com uma
concentracdo de 45ug/kg. Uma vez que a crotoxina corresponde a
aproximadamente 60% do total do veneno de Cdt, a concentracdo que foi
utilizada corresponde a 60% da dose de VCdt que induz acéo
antiinflamatéria  em um processo inflamatério agudo, induzido por
carragenina (Nunes et al.,2007).

Para se verificar a mediacdo farmacol6gica desse processo
inibitério, grupos de animais foram tratados com dexametasona (Corticéide,
Decadron — Promade, Brasil; 1mg/kg,i.p.); indometaciana (inibidor de
cicloxigenase, Sigma, USA; 3mg/kg, i.p.), zileuton (inibidor de lipoxigenage,
Abbott, USA; 100mg/kg, v.0.). Uma hora apdés, os animais receberam uma
dose Unica (1,5ug/100uL) do veneno Cdt e, uma hora apds, receberam a
injecao intraplantar de BCG. Os resultados foram comparados a dois grupos
controle; o primeiro recebeu salina pelas mesmas vias utilizadas para os
tratamentos com os anti-inflamatérios, e o outro recebeu apenas o0s
antiinflamatdrios (e ndo o veneno) antes da injecdo intraplantar de BCG.

Em todos os experimentos 0sS grupos experimentais e controle
foram formados por 5 animais. Todos os experimentos foram realizados em

duplicata.

3.5 Edema

Para avaliacdo do edema de patas, apos a injecao intraplantar de
BCG, as espessuras das patas dos animais foram medida com o auxilio de
um micrédmetro (Mitutoyo, Japéo), uma vez ao dia, durante quinze dias

consecutivos. O mesmo volume de salina foi injetado na pata contralateral
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dos animais.
O edema foi expresso em porcentagem de aumento da pata,

calculado pela formula:

E(%) =(ME-MI) X 100
Mi
onde:
¢ E(%) = aumento percentual do volume da pata
¢ MI = medida inicial da pata
¢ MF = medida final da pata nos diferentes tempos apos a inje¢do do
BCG

O edema de pata injetada com salina foi subtraido do edema

obtido na pata injetada com BCG.

3.6 Analise Estatistica

Os resultados foram expressos pela média + erro padrdo da
média e comparados utilizando-se teste ANOVA de uma via, considerando o
indice de significancia de p<0.05, e pds-analisado com o teste de Dunnett.
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4. RESULTADOS

Para se identificar o efeito inibitorio do VCdt sobre o edema de
pata cronico induzido pelo BCG, grupos de animais foram pré-tratados com
veneno, 1h antes de receberem a BCG no coxim plantar. Animais controle
foram pré-tratados com salina.

Foi observado neste experimento, a resposta da evolugcdo do
edema de pata induzindo por BCG a acdo do VCdt quando aplicado por via
s.c. uma hora antes da induc¢do do edema. Com esse tratamento, 0 edema
observado no grupo tratado com VCdt é significantemente menor que a
observada no grupo controle em todos os tempos analisados (Fig. 4).

Para se verificar o efeito do veneno ap0s a instalacao do processo
cronico, grupos de animais receberam uma injecao intraplantar de BCG.
Destes, um grupo receberam o veneno 1 h apés o BCG, outro recebeu o
veneno 6 dias e outro grupo recebeu o veneno 11 dias ap6s o BCG. Os
respectivos grupos controle receberam salina no lugar do veneno.

Nos animais tratado com VCdt 1 h apd6s a injecao intraplantar de
BCG também foi observada uma significativa diminuicdo do edema, quando
comparado ao grupo de animais controle (Fig, 5)

No grupo tratado com VCdt 6 dias apds a injecao intraplantar de
BCG, observamos que o edema nos dois grupos era similar até o 6° dia,
quando um dos grupos recebeu o tratamento com o VCdt. Nos dias
seguintes a esse tratamento observamos uma diminuicdo significativa do
edema nas patas do grupo tratado com o veneno em relagdo ao grupo
controle (Fig. 6).

Quadro semelhante foi observado em animais tratados com o
VCdt 11 dias apos a injecdo intraplantar de BCG. O edema era similar nos
dois grupos até o 11°, quando um deles recebeu o tratamento com o
veneno. Nos dias subsequientes observamos um significativo decréscimo no
volume das patas dos animais do grupo tratado com o VCdt em relagcédo aos

observados nos animais do grupo controle (Fig. 7.)
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Figura 4 - Camundongos receberam VCdt (s.c.) 1 hora antes a inje¢do i.pl de BCG (8x10°
bacilos/pata em 30 pL ) e o edema foi medido com paquimetro durante 15 dias e comparados a
grupos controle tratados com salina; n= 5 animais/grupo; *p<0.05 (ANOVA 1 via seguido de
Bonferroni).

Figura 5 - Camundongos receberam VCdt (s.c.) 1 hora apés a injegdo i.pl de BCG (8x105 bacilos/pata
em 30 pL) e o edema foi mensurado com paquimetro durante 15 dias e comparados a grupos
controle tratados com salina. N=5 animais/grupo; *p<0.05 (ANOVA 1 via seguido de Bonferroni).

32



Figura 6 - Camundongos receberam VCdt (s.c.) 6 dias apoés a inje¢do i.pl de BCG (8x10° bacilos/pata
em 30 pL ) e o edema foi mensurado com paquimetro durante 15 dias e comparados a grupos
controle tratados com salina; n=5 animais/grupo; *p<0.05 (ANOVA 1 via seguido de Bonferroni).

Figura 7 - Camundongos receberam VCdt (s.c.) 11dias ap6s a injecdo i.pl de BCG (8x10’ bacilos/pata
em 30 pL) e o edema foi mensurado com paquimetro durante 15 dias e comparados a grupos
controle tratados com salina; n= 5 animais/grupo; *p<0.05 (ANOVA 1 via seguido de Bonferroni).
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Para se verificar qual a fracdo responsavel pelo efeito inibitério,
trés grupos de camundongos foram pré-tratado com cada um dos picos
resultantes da cromatografia em coluna MonoQ, com uma concentracao de
45ug9/Kg. A dose de crotoxina e das outras fragcbes utilizadas nesse estudo
foram definidas em um estudo anterior que mostra a acao anti-inflamatoria
do VCdt em um processo agudo, induzido por carragenina (Nunes et
al.,2007).

Na figura 8 observa-se a fase inicial (aguda) do edema de pata
induzido pela injecdo de BCG no tecido celular subcutaneo da pata de
camundongos. Essa figura mostra claramente que o grupo tratado com o
VCdt apresenta edema significativamente menor que o grupo controle
(tratado com salina). Das trés fragdes utilizadas, apenas o grupo tratado com
a fracdo Il, ou seja, com a crotoxina, apresentou edema significativamente
menor que o grupo controle, a semelhanca do que ocorreu com o grupo
tratado com o veneno total. JA os grupos tratados com as fracbes | e lll,
apresentaram edema de pata de magnitude semelhante ao observado no

grupo controle (Fig. 8).

Tempo (hora)

Figura 8 - Grupos pré-tratados (1 hora antes) com salina (controle), VCdt (controle de inibigdo
positiva) ou fragdes — PI, Pll (crotoxina - CTX), PIll. O edema induzido pela injegdo i.pl de BCG
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(8x105 bacilos/pata em 30 puL) foi medido com paquimetro durante 24 horas; n=5/grupo; *p<0.05
(ANOVA 1 via seguido de Bonferroni).

Para se verificar uma possivel mediacdo farmacologica nesse
processo inibitério, grupos de animais foram tratados com dexametasona
(corticoide, Decadron - Promade, Brasil; 1mg/Kg, i.p.); indometacina (inibidor
de cicloxigenase, Sigma, USA; 3 mg/Kg, i.p.), zileuton (inibidor de
lipoxigenase, Abbot, USA; 100mg/Kg, v.0.). Uma hora ap0s o tratamento
com estes farmacos, os animais receberam o VCdt e, uma hora apés o
tratamento com o veneno, receberam a injecédo intraplantar de BCG. Os
resultados foram comparados a dois grupos controle; o primeiro recebeu
salina pelas mesmas vias utilizadas para os tratamentos com o0s
antiinflamatdrios, e o outro recebeu apenas os antiinflamatorios (e ndo o
veneno) antes da injecao intraplantar de BCG. O edema de pata foi avaliado
em dois momentos, 6 h e 48 h apds a inje¢cdo do BCG, representando as
fases aguda e cronica do processo inflamatério induzido pelo BCG.

Na Fig. 9 observamos a representacdo do efeito da
dexametasona na evolucdo do edema induzido pelo BCG e no efeito
inibitério do VCdt. A figura mostra que o0s grupos tratados apenas com
dexametasona ou VCdt, bem como o grupo pré-tratado com dexametasona
e posteriormente tratados com VCdt, desenvolveram um edema de pata de
magnitude significativamente menor do que o apresentado pelo grupo
controle, 6 horas apds a injecédo intraplantar de BCG. Ja quando avaliado 48
horas apds a injecdo do BCG, o Unico grupo que apresentou um edema
significativamente menor que o do grupo controle foi o observado no grupo

tratado apenas com o VCdt.
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Figura 9 - Edema de pata induzido pela inje¢ao intraplantar de BCG (8x10° bacilos/pata em 30 pL)
em grupos tratados com dexametasona (Dexa) - 1mg/kg, i.p., 1 hora antes de receberem, pela via
s.c., VCdt ou salina. O BCG foi injetado 1 hora apds o tratamento com VCdt ou salina e o edema foi
medido com paquimetro durante 48 horas; n=4/grupo; *p<0.05 (ANOVA uma via seguido de
Bonferroni).

Na Fig. 10 observamos a representacdo do efeito da
indometacina na evolucao do edema induzido pelo BCG e no efeito inibitorio
do VCdt. A figura mostra que os grupos tratados apenas com VCdt, bem
como o grupo pré-tratado com indometacina e posteriormente tratados com
VCdt, desenvolveram um edema de pata de magnitude significativamente
menor do que o apresentado pelo grupo controle 6 horas apds a injecao
intraplantar de BCG. Nesse tempo, isso nao foi observado no grupo tratado
apenas com indometacina, que apresentou um edema semelhante ao
controle. O mesmo se observou no edema avaliado 48 horas apdés a injecéo
do BCG, ou seja, 0os grupos tratados com VCdt ou pré-tratados com
indometacina e posteriormente com VCdt, apresentaram um edema
significativamente menor que o controle, enquanto que o grupo tratado
apenas com indometacina apresentou um edema semelhante ao grupo
controle.

Na Fig. 11 observamos a representacao do efeito do zileuton na
evolucdo do edema induzido pelo BCG e no efeito inibitorio do VCdt. A figura
mostra que o grupo tratado apenas com zileuton mais VCdt, houve uma

reversdo do efeito inibitério do veneno, mais particularmente na fase crénica.
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Figura 10 - Edema de pata induzido pela inje¢ao intraplantar de BCG (8x10° bacilos/pata em 30 pL)
em grupos tratados com indometacinana (Indo) — 3 mg/kg, i.p., 1 hora antes de receberem, pela
via s.c., VCdt ou salina. O BCG foi injetado 1 hora apds o tratamento com VCdt ou salina e o edema
foi medido com paquimetro durante 48 horas; n=4/grupo; *p<0.05 (ANOVA uma via seguido de

Bonferroni).

Figura 11 - Edema de pata induzido pela inje¢do intraplantar de BCG (8x105 bacilos/pata em 30 pL)
em grupos tratados com zileuton (Zyle) — 100 mg/kg, v.o., 1 hora antes de receberem, pela via s.c.,
VCdt ou salina. O BCG foi injetado 1 hora apds o tratamento com VCdt ou salina e o edema foi
medido com paquimetro durante 48 horas; n=4/grupo; *p<0.05 (ANOVA uma via seguido de
Bonferroni).
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5. DISCUSSAO

O presente estudo foi elaborado com a finalidade de investigar a
acdo do VCdt sobre o desenvolvimento de uma resposta inflamatéria
cronica. Para este fim foi utilizado um modelo classico de edema através da
injecdo de BCG no coxim plantar de camundongos. Estudos realizados
anteriormente investigaram o efeito do VCdt sobre a acdo e funcédo de
macrofagos, células que ocupam um papel principal durante a inflamacéao
aguda e cronica. Nesses estudos verificou-se que o VCdt inibe atividade
biolégica de macréfagos (Sousa e Silva et al, 1996; Sampaio et al., 2001).

Outros estudos demonstraram que o VCdt inibe a resposta imune
humoral (Cardoso e Mota, 1997) e a resposta inflamatéria aguda (Landucci
et al., 1995; Nunes et al., 2007, Nunes et al., 2010), porém, até o momento
nao havia estudos sobre o efeito desse veneno sobre uma resposta
inflamatéria cronica.

No presente trabalho demonstramos que o VCdt inibiu
significativamente a evolucdo do edema crénico induzido pela administracao
intraplantar de BCG, mesmo ap0s a resposta inflamatoria instalada, ou seja
0 veneno apresentou uma significativa atividade inibitéria, quando
administrado antes ou ap6s a inducdo da inflamacdo e sua acédo é
persistente por varios dias.

Essa resposta inibitéria persistente desse veneno também foi
observada, quando avaliada sobre a resposta inflamatoria aguda e sobre
algumas atividades bioldgicas de macréfagos (Nunes et al., 2010; Sousa e
Silva et al., 1996).

Na caracterizagdo dos componentes do VCdt responsaveis pelo
efeito inibitdrio sobre a funcdo de macréfagos, verificamos que a crotoxina,
componente majoritario do veneno e principal toxina responsavel pelos
efeitos observados na fisiopatologia do envenenamento crotalico, é a
responsavel pelo efeito inibitorio sobre o edema de pata induzido pelo BCG.
Esse resultado corrobora estudos anteriores que demonstram que essa

toxina interfere com a atividade biologia e metabdlica de macréfagos e é a
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responsavel pela inibicdo de processos inflamatoérios agudos (Sampaio et al.,
2006; Nunes et al., 2010). Além disso, existem evidéncias de que essa
toxina interfere com a resposta imune (Cardoso et al., 2001)

Dados da literatura mostram que, em camundongos, a crotoxina é
capaz de induzir diminuicdo do numero de leucécitos circulantes,
particularmente linfécito (Zambeli, et al, 2008), em contra-partida, esta toxina
estimula o aumento nos niveis de citocinas (IL.-4 e IL-10) e de
glicocorticéides circulantes (Cardoso et al 2001). Dados obtidos em ensaios
in vitro, mostram que a crotoxina € capaz de inibir, por si sO, algumas
atividades biologicas de macréfagos e a atividade inflamatéria aguda
induzida pela carragenina (Sampaio et al, 2003; Nunes et al., 2010).

Para se avaliar quais 0os mecanismos envolvidos com a acéo
inibitéria do VCdt ou toxinas, foi investigada a participacdo de eicosandides
neste efeito do veneno crotalico. Encontramos relato desta modulacéo, por
prostandides, em particular pela prostaglandina da funcéo de fagocitose por
macrofagos (Coquette et al.,1992; Davidson et al., 1998)

Para esta investigacdo foram utlizados farmacos como
dexametasona, um corticoide responsavel pela inibicdo da PLA,; enddgena e
indometacina, um inibidor da via da cicloxigenase. Os dados obtidos indicam
gue os eicosandides gerados a partir da via da ciclooxigenase nao estédo
envolvidos nem na mediacdo do edema induzido pelo BCG nem no efeito
inibitério do VCdt sobre o edema de pata induzido pelo BCG, uma vez que o
grupo tratado com indometacina apresentou edema de magnitude
semelhante ao grupo controle e, os grupo pré-tratado com indometacina e
posteriormente tratado com VCdt, apresentou edema significativamente
menor que o observado no grupo controle, ndo alterando o efeito inibitorio do
veneno quer na fase aguda (6 horas) ou na fase mais cronica (48 horas) do
processo inflamatério (fig. 9).

Apesar do aparente ndo envolvimento no efeito inibitério do
veneno neste trabalho, existe relato sugerindo que a indometacina, quando
aplicada em nanocapsulas, € capaz de diminuir significativamente o edema

de pata induzido pelo adjuvante completo de Freund, que contém BCG em
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sua composicao (Bernardi et al., 2009). Talvez a diferengca observada em
relacdo aos nossos resultados com o edema do BCG se deva a essa forma
particular de administracdo desse farmaco.

Com relacdo aos resultados obtidos apds o tratamento com
dexametasona, observamos que esse farmaco, per se, inibiu o edema
induzido pelo BCG na sua fase aguda, mas ndo na cronica. Entretanto,
qguando administrado em conjunto com o VCdt, esse farmaco alterou o efeito
inibitério do veneno na fase crénica do processo inflamatério (fig. 9). Esse
resultado aponta para o efeito transitério da dexametasona na inibicao de
mediadores que participam nas duas fases (aguda e cronica) do processo
inflamatorio induzido pelo BCG, mesmo sendo a dexametasona um
composto com alta poténcia anti-inflamatéria e tendo uma acdo de longa
duracdo (meia-vida biolégica de 36 - 72 horas), quando comparado a outros
farmacos corticosteroides (Schimmer e Parker, 2006). Por outro lado, o
resultado observado no grupo pré-tratado com dexametasona e entdo com o
VCdt, em que o edema foi similar ao observado no grupo controle, pode
sugerir que o efeito inibitério induzido pelo veneno se deva a algum
mediador anti-inflamatério enddégeno, provavelmente originado pela via da
lipoxigenase.

Essa hipdtese é reforcada pelos resultados obtidos nos grupos
pré-tratados com zileuton, farmaco que age via inibicdo da enzima 5-
lipoxigenase. Estudos indicam que produtos derivados desta via, como 0s
leucotrienos e as lipoxinas sdo capazes de modular a resposta inflamatoria
e a funcdo de leucdcitos (Clarkson et al.,1998; Serhan, 2007). Observamos
gue nos animais pré-tratados com zileuton e posteriormente com o VCdt,
houve uma reversdo do efeito inibitério do veneno sobre a evolugcédo do
edema de pata induzido pelo BCG, nas duas fases, mas particularmente na
fase cronica desse processo inflamatoria.

Estudos demonstram que o VCdt é capaz de induzir a geragéo de
lipoxinas em cultura de macréfagos (Sampaio et al, 2006) e que a atividade
inibitéria do veneno sobre a inflamacdo aguda induzida pela carragenina

depende da sua acéo sobre receptores de peptideos formilicos, relacionados
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a lipoxinas ou resolvinas (Nunes et al, 2010). Aparentemente, no presente
modelo de inflamacdo crbnica, a agdo inibitéria do veneno depende da
geracdo de mediadores reguladores da resposta inflamatorio originados na
via das lipoxigenases, como as lipoxinas.

As lipoxinas sao lipidios mediadores produzidos pela via da
lipoxigenase durante a interacdo celular entre leucdcitos e células residentes
no desenvolvimento do processo inflamatorio, impedindo uma resposta
inflamatoéria muito expressiva e limitando a perda para o hospedeiro
(Serhan,2007).

Estudos in vivo e in vitro mostraram que as lipoxinas estimulam
potentes acfes antiinflamatoria. A Lipoxinas A, inibe a quimiotaxia de
neutrdfilos e eosindfilos in vitro (Soyombo et al., 1994), diminui a regulacao
de infiltrado de leucdcitos polimorfonucleares em modelo de peritonite
(Bannenberg et al., 2005) e reduz do edema de pata em camundongos pela
carragenina (Menezes-de-Lima , et al . ,2006)

Estudos mostram que as lipoxinas podem regular a resposta
inflamatéria cronica, além da aguda (Kantarci e Van Dike, 2003).

A literatura demonstra que a concentragéo de zileuton utilizada no
presente trabalho seja capaz de bloquear completamente a sintese de
eicosanoides gerados pela via lipoxigenase (Horizoe et al., 1998; Canetti et
al., 2003). Observacdes anteriores sobre a alteracdo na acao inibitéria do
veneno crotélico e da crotoxina pelo zileuton, bem como o efeito inibitério do
veneno total e toxinas foi totalmente revertido por esta droga no presente
trabalho, sugere fortemente a participacdo da via das lipoxigenases na
modulacdo da acdo inibitéria do veneno crotalico e das toxinas. Nao temos,
até o momento, dados inequivocos sobre qual(is) o(s) mediador(es)
gerado(s) na via das lipoxigenases estaria(m) envolvido(s) no efeito inibitério
do veneno. Entretanto, os dados desse trabalho em conjunto com os dados
obtidos em culturas de macréfagos e em estudos com modelos de resposta
inflamatoria aguda (Sampaio et al, 2006, Nunes et al, 2010), podem sugerir a

participacéo de lipoxinas nesse processo.
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A melhor compreensdo desse fenbmeno e a realizacdo de mais
estudos sobre qual a por¢cdo da crotoxina possui esse efeito inibitério sobre
processos inflamatoérios, tanto agudos quanto crénicos, podem resultar em
novo(s) agente(s) com potencial terapéutico para o tratamento dessas
patologias, bem como em importantes ferramentas para o estudo de seus

mecanismos fisiopatoldgicos.
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6. CONCLUSOES

Nossos resultados mostram que o veneno da serpente Crotalus
durissus terrificus e, em particular a crotoxina, apresenta uma significativa
acao inibitéria sobre o edema crénico induzido pelo BCG, e indicam que esta
inibicdo ocorra pela producgéo e liberagdo de mediadores anti-inflamatorios,

eicosanoides, originados na via das lipoxigenases.
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Abstract

The venom of the Crotalus durissus terrificus (Cdt) snake inhibits the acute
inflammatory response induced by phlogistic agents, such as thioglycollate and
carrageenan, as well as some biological activities of macrophages, the main cell type
in the chronic inflammatory process. Here, we study the effect of this venom on the
chronic paw edema induced by the injection of bacillus Calmette-Guérin (BCG) into
the footpad of mice. The BCG injection evoked chronic edema, which was
significantly diminished in animals pre-treated subcutaneously with Cdt venom. This
inhibition persisted throughout the evaluation period (15 days). The edema profile
was also significantly diminished in animals injected subcutaneously with Cdt
venom 1 h after the injection of BCG. In mice injected with Cdt venom 6 or 11 days
after injection of BCG, we observed a significant reduction in edema only in the
period after the venom injection. While studying possible mechanisms involved in
this inhibition, we observed that pre-treatment with dexamethasone or zileuton, but
not with indomethacin, canceled out the inhibitory effect of Cdt venom on the edema
induced by BCG. These results strongly suggest that this rattlesnake venom can
stimulate the generation of mediators from the lipoxygenase pathway, which can
down-regulate this chronic inflammatory edema. Using fractionated venom, the
results indicated that crotoxin was the only component of Cdt venom responsible for
this inhibitory effect. In conclusion, our results indicated that crotoxin, the main
toxin of the Crotalus durissus terrificus venom, has a significant inhibitory effect on
BCG-induced chronic edema, possibly by generating anti-inflammatory mediators
from the lipoxygenase pathway.

55


mailto:lrcg@butantan.gov.br

Key Words: chronic inflammation, edema, BCG, Crotalus durissus terrificus, snake

venom, crotoxin

1. Introduction

Unlike other viperid venoms, the venom of the South American rattlesnake Crotalus
durissus terrificus (Cdt) does not induce significant inflammatory reactions at the
inoculation site in animals or humans that are bitten (Rosenfeld, 1971; Azevedo-
Marques et al., 2009).

Studies have shown that Cdt venom has potent antinociceptive activity (Giorgi et al,
1993) and inhibits the humoral immune response (Cardoso and Motta, 1997) and
some parameters of the acute inflammatory response (Cardoso et al, 2001, Landucci
et al, 1995).

Cdt venom and crotoxin, the main toxin in this venom, significantly reduce acute
inflammatory paw edema induced by carrageenan in mice. This inhibitory response
is long-lasting and results from action at the formyl peptide receptors (Nunes et al,
2007, Nunes et al., 2010).

It has also been shown that this venom has a dual effect on macrophages, inhibiting
some important activities of these cells, such as spreading and phagocytosis (Sousa e
Silva et al, 1996), but stimulating metabolic pathways, which results an increase in
the secretion of substances such as nitric oxide and hydrogen peroxide (Sampaio et
al., 2001). Crotoxin has been shown to be responsible for this inhibitory effect on
macrophages (Sampaio et al., 2003), as well as on acute inflammatory edema, and
there is strong evidence that this inhibition is mediated by the generation of lipoxins
(Sampaio et al, 2006).

When injected subcutaneously in the footpad of mice, Bacillus Calmette-Guerin
(BCG) induces a chronic inflammatory edema, characterized by the involvement of
an intense mononuclear infiltrate (Moura and Mariano, 1996). Because Cdt venom
does not induce a significant inflammatory response and interferes with the activity
of inflammatory cells, such as macrophages, the aim of this study was to investigate
the potential inhibitory action of this venom on the development of a chronic

inflammatory response induced by the injection of BCG in the paw of mice. A
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possible mechanism of action and the toxin responsible for this inhibitory effect were
also studied.

2. Material and Methods

2.1. Animals

Male Swiss mice weighing 18-22 g were used. The animals were maintained for 2
days at the laboratory before experiments with water and food ad libitum in
appropriate environmental conditions and were used under ethical conditions. All
experimental procedures followed the ethical parameters proposed by the
International Society of Toxinology and the Brazilian College of Experimental
Animals and were approved by Ethical Committee for Use of Animals of Butantan
Institute (protocol n® 591/09).

2.2.  Crotalus durissus terrificus crude venom and fractions

A pool of lyophilized venom, obtained from various adult specimens of Crotalus
durissus terrificus snakes, was supplied by the Laboratory of Herpetology, Butantan
Institute. The venom was stored at —20 °C and solutions (w/v) were prepared in
sterile saline immediately before use.

The crude venom was fractionated in a Mono-Q HR 5/5 column in a FPLC system
(Pharmacia, Uppsala, Sweden) as previously described by Rangel-Santos et al.
(2004). Three fractions (frl, fril and frlll) were obtained, and frll corresponded to
pure crotoxin. The homogeneity of this toxin was checked by non-reducing sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (12.5%) (Laemmli, 1970).
Crotoxin was also tested for lethality and phospholipase A; activity (Santoro et al.,
1999). The Cdt fractions used throughout this study were generously supplied by Dr.

Maisa Spendore Della Casa (Laboratory of Immunopathology, Butantan Institute).

2.3. BCG induced paw edema

The BCG used as a phlogistic agent was prepared with live attenuated bacilli of

Mycobacterium bovis (Moreau strain), supplied in lyophilized form by Instituto
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Butantan. A suspension containing 8 x 10° bacilli in 30 pl of saline solution were
injected into the footpad of mice. The contralateral paw received the same volume of
saline solution. The concentration of BCG used in this study was based on data from
the literature (Moura and Mariano, 1996).

Paw edema was evaluated once a day with the aid of a micrometer (Mitutoyo,
Japan), for the 15 days after the BCG injection. In some experiments, edema was
evaluated 1, 2, 4 and 6 h after the BCG injection. The results were expressed as the

difference (%) between the volumes of the venom- and saline-injected paws.

2.4.  Experimental design

To identify the inhibitory effect of the Crotalus durissus terrificus venom on chronic
paw edema induced by BCG, mice were injected with a single dose (75 pg/kg) of
Cdt crude venom subcutaneously (s.c.) in the back 1 h before receiving BCG into the
footpad. The paw edema was compared to that obtained in control animals injected
with the saline solution (100 pL) instead of the Cdt venom, by the same route (s.c.).
To determine if Cdt venom has an inhibitory effect after the initiation of a chronic
inflammatory process, mice received an injection of BCG in the footpad. Groups
then received Cdt venom in the back (s.c.) 1 hour, 6 days or 11 days after the
inoculation of BCG. The respective control groups received saline instead of venom.
To investigate a possible pharmacological mediation in the inhibitory effect of Cdt
venom, mice were treated with dexamethasone (corticosteroid, Decadron® -
Promade, Brazil; 1.0 mg/kg, i.p.), indomethacin (cyclooxygenase inhibitor, Sigma,
USA,; 3.0 mg/kg, i.p.) or zileuton (lipoxygenase inhibitor, Abbott, USA; 100 mg/kg,
p.0.). One hour later, the animals received a single dose (75 pg/kg) of Cdt venom in
the back (s.c.), and one hour after that they received an injection of BCG into the
footpad. The results were compared to two control groups: the first group received
saline by the same routes used for the treatment with anti-inflammatory drugs and the
other received only the anti-inflammatory drug before the intraplantar injection of
BCG. Paw edema was assessed on two occasions, 6 hours and 48 hours after
injection of BCG, representing the acute and chronic phases of inflammation induced
by BCG.
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To determine which toxin is responsible for the inhibitory effect of Cdt venom, three
groups of mice received a single dose (45 pg/kg, s.c. in the back) of one of the three
fractions (frl, fril or frlll) obtained from the MonoQ chromatography column. One
hour later, the animals received an injection of BCG, and paw edema was measured
at 24 h and compared with the edema that developed in a control group injected with
saline and a group injected with crude Cdt venom rather than the fractions.

The doses of the crude Cdt venom or fractions used in this study were determined

previously (Nunes et al, 2010) and did not produce symptoms of envenoming.

2.5.  Statistics

Results were expressed as the means + s.e.m. (n= 5 animals/group). The time course
of edema was analyzed by two way ANOVA followed by Bonferroni test. Effect of

pharmacological drugs was analyzed by one way ANOVA followed by the Dunnett
test, comparing all experimental groups with the saline/saline treated control group,

using the GraphPad Prism 5.00 software. Values of p<0.05 were considered

statistically significant.

3. Results

The BCG injection evoked chronic edema which was evaluated for 15 days. In the
group injected with Cdt venom 1 hour earlier, the paw edema induced by BCG was
significantly less intense compared to the control group throughout the evaluation
period (Fig. 1A).

In mice that received Cdt venom 1 h after intraplantar injection of BCG, we also
observed a profile of edema significantly less intense than that observed in the
control group (Fig. 1B) and similar to that observed in the group receiving the venom
before the BCG.

In the group injected s.c. with Cdt venom 6 days after intraplantar injection of BCG,
the edema was similar in both groups until the 6th day, when one group received the
s.c. Cdt venom injection. In the days following this treatment, we observed a
significant decrease in paw edema in the group injected with the venom, compared

with the control group (Fig. 1C).

59



Similar results were observed in animals injected with Cdt venom 11 days after
intraplantar injection of BCG. The edema was similar in both groups until the 11th
day, when one of the groups received the venom injection. In the following days, we
observed a significant decrease in the volume of the paws of the animals injected
with Cdt venom compared to that observed in control animals (Fig. 1D).

Studying a possible mechanism involved in the inhibitory effect of the Cdt venom on
this chronic inflammatory process, we observed that 6 hours after injection with
BCG, the groups treated with dexamethasone or Cdt venom and the group pre-treated
with dexamethasone and subsequently injected with Cdt venom developed
significantly less paw edema than the control group. However, when assessed 48
hours after injection of BCG, the group injected with Cdt venom was the only group
that showed significantly less intense edema (Fig. 2).

In another set of experiments, the group injected only with Cdt venom and the group
pre-treated with indomethacin and later injected with Cdt venom developed
significantly less paw edema than the control group 6 and 48 hours after intraplantar
injection of BCG. At these times, the group treated only with indomethacin presented
with edema similar to the control group (Fig. 3).

When zileuton was used to study its effect on the development of edema induced by
BCG and on the inhibitory effect of Cdt venom, results showed that the group
injected only with Cdt venom was unique in producing significantly less paw edema
than the control group 6 and 48 hours after intraplantar injection of BCG. The group
treated with zileuton showed edema of a magnitude similar to that observed in the
control group at both time periods studied. However, in the group that was pretreated
with zileuton and then subsequently received Cdt venom, edema was similar to that
observed in the control group in the 6th hour but was significantly higher than the
edema observed in the control group 48 h after injection of BCG (Fig. 4).

To determine which toxin is responsible for the inhibitory effect observed in the
crude Cdt venom, we used three fractions obtained from a MonoQ column. We can
see that the group injected with the Cdt venom presents with edema that is
significantly less than that of the control group (treated with saline). Of the three
fractions used, only the group treated with the fraction Il, corresponding to crotoxin,

showed significantly less intense edema than that observed in the control group and
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similar to what occurred with the group treated with the crude venom. The groups
treated with fractions I or 111 showed paw edema of a magnitude similar to that

observed in the control group (Fig. 5).

4. Discussion

The present results show, for the first time, that Cdt crude venom can inhibit a
chronic inflammatory response, the edema induced by the injection of BCG into the
paw of mice. This inhibitory action was long-lasting when the venom was injected
before the BCG (Fig. 1A) and efficient even when applied after the inflammatory
stimulus, as shown in groups treated 6 or 11 days after the intraplantar injection of
BCG (Fig. 1C and Fig. 1D).

The long-lasting inhibitory response of the venom observed in this chronic
inflammatory reaction was also observed when the Cdt venom was used in studies on
the biological activities of macrophages and on the acute inflammatory response
induced by carrageenan (Sousa e Silva et al., 1996; Nunes et al., 2007; Nunes et al.,
2010).

To investigate mechanisms implicated in the inhibitory action of Cdt venom on
chronic inflammation, we evaluated the participation of eicosanoids. For this, groups
of mice were pretreated with drugs that inhibit different pathways that generate
eicosanoids; drugs such as dexamethasone (the steroid responsible for inhibition of
endogenous PLA,), indomethacin (cyclooxygenase pathway inhibitor) or zileuton (5-
lipoxygenase inhibitor), were given 1 h before injection of the venom, which was
applied 1 h before the injection of BCG, in the paws of mice.

Our data suggest that eicosanoids from the cyclooxygenase pathway are not involved
in the mediation of the edema induced by BCG, nor in the inhibitory action of the
Cdt venom because mice treated only with indomethacin presented edema similar to
the control group, and pretreatment with this drug did not prevent the inhibitory
effect of the Cdt venom on the chronic inflammatory edema induced by BCG (Fig.
3).
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Concerning the results obtained after treatment with dexamethasone, we observed
that this drug inhibited the edema induced by BCG in the acute (6 h) but not in the
chronic (48 h) phase. However, when administered before the Cdt venom, this drug
altered the inhibitory effect of venom in the chronic phase of the inflammatory
process (Fig. 2). This result points to the transient effect of dexamethasone in the
inhibition of mediators involved in both stages (acute and chronic) of inflammation
induced by BCG, despite dexamethasone possessing high anti-inflammatory potency
and prolonged action (biological half-life of 36-72 hours) when compared to other
corticosteroids (Schimmer and Parker, 2006). Moreover, the reversal of the
inhibitory effect of the Cdt venom observed 48 h after BCG injection in the group
pretreated with dexamethasone may suggest that the inhibitory effect induced by the
venom is due to some endogenous anti-inflammatory mediator, most likely
originating from the lipoxygenase pathway.

This hypothesis was reinforced by the results obtained from groups pre-treated with
zileuton, a drug that acts by inhibiting the enzyme 5-lipoxygenase. Studies indicate
that products of this pathway, such as leukotrienes and lipoxins are able to modulate
the inflammatory response and functions of leukocytes (Clarkson et al., 1998;
Menezes de Lima et al., 2006; Serhan and Savil, 2005; Serhan, 2007). We observed
that in animals pretreated with zileuton and later injected with Cdt venom, there was
a reversal of the inhibitory effect of venom on the development of paw edema
induced by BCG in both phases, but particularly in the chronic phase of this
inflammatory process.

It is known that Cdt venom is able to induce the generation of lipoxins in cultured
macrophages (Sampaio et al, 2006) and that the inhibitory activity of this venom on
the acute inflammation induced by carrageenan depends on their action on formyl
peptide receptors, which are related to lipoxins or resolvins (Nunes et al, 2010).
Studies have shown that lipoxins may regulate the chronic and the acute
inflammatory responses (Kantarci and van Dike, 2003). The concentration of
zileuton used in the present study is able to completely block the synthesis of
eicosanoids produced by the lipoxygenase pathway (Horizoe et al., 1998, Canetti et
al., 2003).
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Previous observations on the reversal of the inhibitory action of venom and crotoxin
by zileuton (Sampaio et al, 2006, Nunes et al, 2010), as well as the prevention of the
inhibitory effect of venom in edema by zileuton observed in the present study,
strongly suggest the involvement of eicosanoids from the lipoxygenase pathway in
modulating the inhibitory action of venom. We do not yet have unambiguous data on
which component or components generated in the lipoxygenase pathway could be
involved in the inhibitory effect of the venom. However, this set of results, in
conjunction with data obtained from macrophage culture studies and models of acute
inflammatory response (Sampaio et al, 2006, Nunes et al, 2010) suggest the
involvement of lipoxins in this process.

To identify which component in the Cdt venom is responsible for the inhibitory
effect on chronic edema induced by BCG, we found that crotoxin, the major
component of the venom and the main toxin responsible for the observed effects in
the pathophysiology of Crotalus envenoming, was the only component that presented
similar inhibitory results to those observed with crude venom. This result confirms
previous studies showing that this toxin interferes with the biological and metabolic
activities of macrophages and is responsible for the inhibition of acute inflammatory
processes (Sampaio et al., 2006, Nunes et al., 2010).

In conclusion, our results show that Crotalus durissus terrificus venom, and in
particular crotoxin, significantly inhibits the chronic paw edema induced by the
injection of BCG in mice and suggest that this inhibition may be due to the
generation of anti-inflammatory mediator(s) from the lipoxigenase pathway.

A better understanding of this phenomenon and further studies to determine which
structural feature of crotoxin has an inhibitory effect on acute and chronic
inflammatory processes may result in important tools for the study of the
pathophysiologic mechanisms of the inflammatory process. Additionally, they might
be a template for the development of new agent(s) with potential therapeutic

properties for treating these disorders.
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Figure Legends

Fig. 1. Effect of the Cdt venom on the time-course of BCG-induced paw edema. The
Cdt venom (75 pg/kg) or saline (100 pL) were injected s.c. into the of the backs of
mice, 1 h before (A) or 1 h (B), 6 days (C) or 11 days (D) after the injection of BCG
(8x10° bacilli/ 30 pL) into the foot paw. The results are expressed as the means +

s.e.m.; n=5/ group; *p<0.05.

Fig. 2. Effect of dexamethasone on the BCG-induced paw edema and on inhibitory
effect of the Cdt venom. Mice received dexamethasone (1.0 mg/ kg, i.p.) or saline
(i.p.) 1 h before receiving Cdt venom (75 pg/kg) or saline (100 pL) s.c. into the back.
One hour later animals were injected with BCG (8x10° bacilli/ 30 pL) into the
footpad, and the edema was evaluated 6 and 48 h later. The results are expressed as

the means £ s.e.m.; n=5/ group; *p<0.05.

Fig. 3. Effect of indomethacin on the BCG-induced paw edema and on inhibitory
effect of the Cdt venom. Mice received indomethacin (3.0 mg/ kg, i.p.) or saline (i.p.)
1 h before receiving Cdt venom (75 ug/kg) or saline (100 pL) s.c. into the back. One
hour later animals were injected with BCG (8x10° bacilli/ 30 pL) into the footpad,
and the edema was evaluated 6 and 48 h later. The results are expressed as the means

* s.e.m.; n= 5/ group; *p<0.05.

Fig. 4. Effect of zileuton on the BCG-induced paw edema and on inhibitory effect of
the Cdt venom. Mice received zileuton (100 mg/ kg, p.o.) or saline (p.o.) 1 h before
receiving Cdt venom (75 pg/kg) or saline (100 pL) s.c. into the back. One hour later
animals were injected with BCG (8x10° bacilli/ 30 pL) into the footpad, and the
edema was evaluated 6 and 48 h later. The results are expressed as the means +

s.e.m.; n= 5/ group; *p<0.05.
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Fig. 5. Effect of fractions obtained from Cdt venom chromatography in MonoQ
column on BCG-induced paw edema. Mice were injected with Cdt crude venom (75
Mg/kg, s.c.), fractions (frl, frll — corresponding to pure crotoxin - or frill — 45 pg/ kg,
s.c.), or saline (s.c.). One hour later animals were injected with BCG (8x10° bacilli/
30 pL) into the footpad, and the edema was evaluated. The results are expressed as

the means £ s.e.m.; n=5/ group; *p<0.05.
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In this study, we evaluated the effect of the Crotalus durissus terrificus (Cdt) venom on the
chronic paw edema induced by the injection of bacillus Calmette-Guérin (BCG) into the
footpad of mice. The BCG injection evoked chronic edema, which was significantly
diminished in animals treated subcutaneously (s.c.) with Cdt venom 1 h before or after the
BCG injection. This inhibition persisted throughout the evaluation period (15 days). In mice
injected with Cdt venom 6 or 11 days after injection of BCG, we observed a significant

g?; ‘(/)Vr?ircd;ﬂammation reduction in edema only in the period after the venom injection. While studying possible
Edema mechanisms involved in this inhibition, we observed that pre-treatment with dexa-

BCG methasone, zileuton or Boc2 (a selective antagonist of formyl peptide receptors), but not
with indomethacin, canceled out the inhibitory effect of Cdt venom on the edema induced
by BCG. These results strongly suggest that this rattlesnake venom can stimulate the
generation of mediators from the lipoxygenase pathway, which can down-regulate this
chronic inflammatory edema. Using fractionated venom, the results indicated that crotoxin
was the only component of Cdt venom responsible for this inhibitory effect. These results
indicated that crotoxin, the main toxin of the C. durissus terrificus venom, has a significant
inhibitory effect on BCG-induced chronic edema, possibly by generating anti-inflammatory
mediators from the lipoxygenase pathway.

Crotalus durissus terrificus
Snake venom
Crotoxin

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Unlike other viperid venoms, the venom of the South
American rattlesnake Crotalus durissus terrificus (Cdt) does
not induce significant inflammatory reactions at the inoc-
ulation site in animals or humans that are bitten
(Rosenfeld, 1971; Azevedo Marques et al., 2009).

Studies have shown that Cdt venom has potent anti-
nociceptive activity (Giorgi et al., 1993) and inhibits the
humoral immune response (Cardoso and Mota, 1997) and
some parameters of the acute inflammatory response
(Cardoso et al., 2001; Landucci et al., 1995).

* Corresponding author. Tel.: +55 11 2627 9744; fax: +55 11 2627 9581.
E-mail addresses: lrcg@butantan.gov.br, Ircg@uol.com.br (LR.C.
Gongalves).

0041-0101/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.toxicon.2012.12.003

Cdt venom and crotoxin, the main toxin in this venom,
significantly reduce acute inflammatory paw edema
induced by carrageenan in mice. This inhibitory response is
long-lasting and results from action at the formyl peptide
receptors (Nunes et al., 2007, 2010).

It has also been shown that this venom has a dual effect
on macrophages, inhibiting some important activities of
these cells, such as spreading and phagocytosis (Sousa e
Silva et al.,, 1996), but stimulating metabolic pathways,
which results an increase in the secretion of substances
such as nitric oxide and hydrogen peroxide (Sampaio et al.,
2001). Crotoxin has been shown to be responsible for this
inhibitory effect on macrophages (Sampaio et al., 2003), as
well as on acute inflammatory edema, and there is strong
evidence that this inhibition is mediated by the generation
of lipoxins (Sampaio et al., 2006).
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When injected subcutaneously in the footpad of mice,
Bacillus Calmette-Guérin (BCG) induces a chronic inflam-
matory edema, characterized by the involvement of an
intense mononuclear infiltrate (Moura and Mariano, 1996).
Because Cdt venom does not induce a significant inflam-
matory response and interferes with the activity of
inflammatory cells, such as macrophages, the aim of this
study was to investigate the potential inhibitory action of
this venom on the development of a chronic inflammatory
response induced by the injection of BCG in the paw of
mice. A possible mechanism of action and the toxin
responsible for this inhibitory effect were also studied.

2. Material and methods
2.1. Animals

Male Swiss mice weighing 18-22 g were used. The
animals were maintained for 2 days at the laboratory
before experiments with water and food ad libitum in
appropriate environmental conditions and were used
under ethical conditions. All experimental procedures
followed the ethical parameters proposed by the Interna-
tional Society of Toxinology and the Brazilian College of
Experimental Animals and were approved by Ethical
Committee for Use of Animals of Butantan Institute
(protocol n° 591/09).

2.2. C. durissus terrificus crude venom and fractions

A pool of lyophilized venom, obtained from various adult
specimens of C. durissus terrificus snakes, was supplied by
the Laboratory of Herpetology, Butantan Institute. The
venom was stored at —20 °C and solutions (w/v) were
prepared in sterile saline immediately before use.

The crude venom was fractionated in a Mono-Q HR 5/5
column in a FPLC system (Pharmacia, Uppsala, Sweden) as
previously described by Rangel-Santos et al. (2004). Three
fractions (frl, frll and frlll) were obtained, and frll corre-
sponded to pure crotoxin. The homogeneity of this toxin
was checked by non-reducing sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (12.5%) (Laemmli,
1970). Crotoxin was also tested for lethality and phospho-
lipase A, activity (Santoro et al., 1999). The Cdt fractions
used throughout this study were generously supplied by
Dr. Maisa Spendore Della Casa (Laboratory of Immunopa-
thology, Butantan Institute).

2.3. BCG induced paw edema

The BCG used as a phlogistic agent was prepared with
live attenuated bacilli of Mycobacterium bovis (Moreau
strain), supplied in lyophilized form by Instituto Butantan.
A suspension containing 8 x 10° bacilli in 30 pL of saline
solution were injected into the footpad of mice. The
contralateral paw received the same volume of saline
solution. The concentration of BCG used in this study was
based on data from the literature (Moura and Mariano,
1996).

Paw edema was evaluated once a day with the aid of
a micrometer (Mitutoyo, Japan), for the 15 days after the

BCG injection. In some experiments, edema was evaluated
1, 2, 4 and 6 h after the BCG injection. Results were calcu-
lated as the difference in thickness of both BCG- and saline-
injected paws, and edema was expressed as the percentage
increase in paw thickness.

24. Experimental design

To identify the inhibitory effect of the C. durissus terri-
ficus venom on chronic paw edema induced by BCG, mice
were injected with a single dose (75 pg/kg) of Cdt crude
venom subcutaneously (s.c.) in the back 1 h before
receiving BCG into the footpad. The paw edema was
compared to that obtained in control animals injected with
the saline solution (100 pL) instead of the Cdt venom, by
the same route (s.c.).

To determine if Cdt venom has an inhibitory effect after
the initiation of a chronic inflammatory process, mice
received an injection of BCG in the footpad. Groups then
received Cdt venom in the back (s.c.) 1 h, 6 days or 11 days
after the inoculation of BCG. The respective control groups
received saline instead of venom.

To investigate a possible pharmacological mediation in
the inhibitory effect of Cdt venom, mice were treated with
dexamethasone (corticosteroid, Decadron® - Promade,
Brazil; 1.0 mg/kg, i.p.), indomethacin (cyclooxygenase
inhibitor, Sigma, USA; 3.0 mg/kg, i.p.), zileuton (lip-
oxygenase inhibitor, Abbott, USA; 100 mg/kg, p.o.) or Boc2
(a selective formyl peptide receptor antagonist,
butoxycarbonyl-Phe-Leu-Phe-Leu-Phe, Phoenix Pharma-
ceutical Inc, USA; 10 ug/200 pL, i.p., in a saline solution
containing 1% of dimethyl sulfoxide). One hour later or
30 min later in the case of Boc2, the animals received
a single dose (75 pg/kg) of Cdt venom in the back (s.c.), and
one hour after that they received an injection of BCG into
the footpad. The results were compared to two control
groups: the first group received saline by the same routes
used for the treatment with anti-inflammatory drugs and
the other received only the anti-inflammatory drug before
the intraplantar injection of BCG. Paw edema was assessed
on two occasions, 6 h and 48 h after injection of BCG,
representing the acute and chronic phases of inflammation
induced by BCG.

To determine which toxin is responsible for the inhibi-
tory effect of Cdt venom, three groups of mice received
a single dose (45 pg/kg, s.c. in the back) of one of the three
fractions (frl, frll or frlll) obtained from the MonoQ chro-
matography column. One hour later, the animals received
an injection of BCG, and paw edema was measured at 24 h
and compared with the edema that developed in a control
group injected with saline and a group injected with crude
Cdt venom rather than the fractions.

The doses of the crude Cdt venom or fractions used in
this study were determined previously (Nunes et al., 2010)
and did not produce symptoms of envenoming.

2.5. Statistics
Results were expressed as the means + s.e.m.

(n = 5 animals/group). The time course of edema was
analyzed by two way ANOVA followed by Bonferroni test.
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Effect of pharmacological drugs was analyzed by one way
ANOVA followed by the Dunnett test, comparing all
experimental groups with the saline/saline treated control
group, using the GraphPad Prism 5.00 software. Values of
p < 0.05 were considered statistically significant.

3. Results

The BCG injection evoked chronic edema which was
evaluated for 15 days. In the group injected with Cdt venom
1 h earlier, the paw edema induced by BCG was signifi-
cantly less intense compared to the control group
throughout the evaluation period (Fig. 1A).

In mice that received Cdt venom 1 h after intraplantar
injection of BCG, we also observed a profile of edema
significantly less intense than that observed in the control
group (Fig. 1B) and similar to that observed in the group
receiving the venom before the BCG.

In the group injected s.c. with Cdt venom 6 days after
intraplantar injection of BCG, the edema was similar in both
groups until the 6th day, when one group received the s.c.
Cdt venom injection. In the days following this treatment,
we observed a significant decrease in paw edema in the
group injected with the venom, compared with the control
group (Fig. 1C).

Similar results were observed in animals injected with
Cdt venom 11 days after intraplantar injection of BCG. The
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edema was similar in both groups until the 11th day, when
one of the groups received the venom injection. In the
following days, we observed a significant decrease in the
volume of the paws of the animals injected with Cdt venom
compared to that observed in control animals (Fig. 1D).

Studying a possible mechanism involved in the inhibi-
tory effect of the Cdt venom on this chronic inflammatory
process, we observed that 6 h after injection with BCG, the
groups treated with dexamethasone or Cdt venom and the
group pre-treated with dexamethasone and subsequently
injected with Cdt venom developed significantly less paw
edema than the control group. However, when assessed
48 h after injection of BCG, the group injected with Cdt
venom was the only group that showed significantly less
intense edema (Fig. 2A).

In another set of experiments, the group injected only
with Cdt venom and the group pre-treated with indo-
methacin and later injected with Cdt venom developed
significantly less paw edema than the control group 6 and
48 h after intraplantar injection of BCG. At these times, the
group treated only with indomethacin presented with
edema similar to the control group (Fig. 2B).

When zileuton was used to study its effect on the
development of edema induced by BCG and on the inhib-
itory effect of Cdt venom, results showed that the group
injected only with Cdt venom was unique in producing
significantly less paw edema than the control group 6 and
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Fig. 1. Effect of the Cdt venom on the time-course of BCG-induced paw edema. The Cdt venom (75 pg/kg) or saline (100 pL) were injected s.c. into the of the backs
of mice, 1 h before (A) or 1 h (B), 6 days (C) or 11 days (D) after the injection of BCG (8 x 10° bacilli/30 uL) into the foot paw. Edema was expressed as the
percentage increase in paw thickness and are expressed as the means =+ s.e.m.; n = 5/group; *p < 0.05.
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Fig. 2. Effect of dexamethasone or indomethacin on the BCG-induced paw
edema and on inhibitory effect of the Cdt venom. Mice received (A) dexa-
methasone (1.0 mg/kg, i.p.), (B) indomethacin (3.0 mg/kg, i.p.) or saline (i.p.)
1 h before receiving Cdt venom (75 pg/kg) or saline (100 pL) s.c. into the
back. One hour later animals were injected with BCG (8 x 10° bacilli/30 pL)
into the footpad, and the edema was evaluated 6 and 48 h later. Edema was
expressed as the percentage increase in paw thickness. Edema was calcu-
lated as the percentage increase in paw thickness and are expressed as the
means + s.e.m.; n = 5/group; *p < 0.05.

48 h after intraplantar injection of BCG. The group treated
with zileuton showed edema of a magnitude similar to that
observed in the control group at both time periods studied.
However, in the group that was pretreated with zileuton
and then subsequently received Cdt venom, edema was
similar to that observed in the control group in the 6th hour
but was significantly higher than the edema observed in
the control group 48 h after injection of BCG (Fig. 3A).
Similar results were observed in groups treated with Boc2
before the injection of Cdt venom. Boc2 did not altered the
edema induced by BCG, but blocked the inhibitory effect of
the Cdt venom on the paw edema induced by BCG in both
periods studied (Fig. 3B).

To determine which toxin is responsible for the inhibi-
tory effect observed in the crude Cdt venom, we used three
fractions obtained from a MonoQ column. We can see that
the group injected with the Cdt venom presents with
edema that is significantly less than that of the control
group (treated with saline). Of the three fractions used,
only the group treated with the fraction II, corresponding to
crotoxin, showed significantly less intense edema than that
observed in the control group and similar to what occurred
with the group treated with the crude venom. The groups
treated with fractions I or Il showed paw edema of
a magnitude similar to that observed in the control group
(Fig. 4).

Fig. 3. Effect of zileuton (zile) or Boc2 (Boc) on the BCG-induced paw edema
and on inhibitory effect of the Cdt venom. Mice received (A) zile (100 mg/kg,
p.o.), (B) Boc (10 ug/200 L) or saline (p.o.) 1 h before receiving Cdt venom
(75 pg/kg) or saline (100 pL) s.c. into the back. One hour later animals were
injected with BCG (8 x 10° bacilli/30 L) into the footpad, and the edema
was evaluated 6 and 48 h later. Edema was calculated as the percentage
increase in paw thickness and are expressed as the means + s.e.m.; n = 5/
group; *p < 0.05.

4. Discussion

The present results show, for the first time, that Cdt
crude venom can inhibit a chronic inflammatory response,
the edema induced by the injection of BCG into the paw of
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Fig. 4. Effect of fractions obtained from Cdt venom chromatography in
MonoQ column on BCG-induced paw edema. Mice were injected with Cdt
crude venom (75 pg/kg, s.c.), fractions (frl, frll - corresponding to pure
crotoxin - or frlll - 45 pg/kg, s.c.), or saline (s.c.). One hour later animals
were injected with BCG (8 x 10° bacilli/30 pL) into the footpad, and the
edema was evaluated. Edema was calculated as the percentage increase in
paw thickness and are expressed as the means + s.e.m.; n = 5/group;
*p < 0.05.
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mice. This inhibitory action was long-lasting when the
venom was injected before the BCG and efficient even
when applied after the inflammatory stimulus, as shown in
groups treated 6 or 11 days after the intraplantar injection
of BCG.

The long-lasting inhibitory response of the venom
observed in this chronic inflammatory reaction was also
observed when the Cdt venom was used in studies on the
biological activities of macrophages and on the acute
inflammatory response induced by carrageenan (Sousa e
Silva et al., 1996; Nunes et al., 2007, 2010).

To investigate mechanisms implicated in the inhibitory
action of Cdt venom on chronic inflammation, we evalu-
ated the participation of eicosanoids. Our data suggest that
eicosanoids from the cyclooxygenase pathway are not
involved in the mediation of the edema induced by BCG,
nor in the inhibitory action of the Cdt venom because mice
treated only with indomethacin presented edema similar
to the control group, and pretreatment with this drug did
not prevent the inhibitory effect of the Cdt venom on the
chronic inflammatory edema induced by BCG.

Concerning the results obtained after treatment with
dexamethasone, we observed that this drug inhibited the
edema induced by BCG in the acute (6 h) but not in the
chronic (48 h) phase. However, when administered before
the Cdt venom, this drug altered the inhibitory effect of
venom in the chronic phase of the inflammatory process.
This result points to the transient effect of dexamethasone
in the inhibition of mediators involved in both stages
(acute and chronic) of inflammation induced by BCG,
despite dexamethasone possessing high anti-inflammatory
potency and prolonged action (biological half-life of 36—
72 h) when compared to other corticosteroids (Schimmer
and Parker, 2006). Moreover, the reversal of the inhibi-
tory effect of the Cdt venom observed 48 h after BCG
injection in the group pretreated with dexamethasone may
suggest that the inhibitory effect induced by the venom is
due to some endogenous anti-inflammatory mediator,
most likely originating from the lipoxygenase pathway.

This hypothesis was reinforced by the results obtained
from groups pre-treated with zileuton, a drug that acts by
inhibiting the enzyme 5-lipoxygenase. Studies indicate that
products of this pathway, such as leukotrienes and lipoxins
are able to modulate the inflammatory response and
functions of leukocytes (Clarkson et al., 1998; Menezes-de-
Lima et al., 2006; Serhan and Savil, 2005; Serhan, 2007).
We observed that in animals pretreated with zileuton and
later injected with Cdt venom, there was a reversal of the
inhibitory effect of venom on the development of paw
edema induced by BCG in both phases, but particularly in
the chronic phase of this inflammatory process. The
concentration of zileuton used in the present study is able
to completely block the synthesis of eicosanoids produced
by the lipoxygenase pathway (Horizoe et al., 1998; Canetti
et al., 2003).

Previous observations on the reversal of the inhibitory
action of venom and crotoxin by zileuton (Sampaio et al.,
2006; Nunes et al., 2010), as well as the prevention of the
inhibitory effect of venom in edema by zileuton observed in
the present study, strongly suggest the involvement of
eicosanoids from the lipoxygenase pathway in modulating

the inhibitory action of venom. We do not yet have
unambiguous data on which component or components
generated in the lipoxygenase pathway could be involved
in the inhibitory effect of the venom. However, this set of
results, in conjunction with data obtained from macro-
phage culture studies and models of acute inflammatory
response (Sampaio et al., 2006; Nunes et al., 2010) suggest
the involvement of lipoxins in this process.

It is known that Cdt venom is able to induce the
generation of lipoxins in cultured macrophages (Sampaio
et al., 2006) and that the inhibitory activity of this venom
on the acute inflammation induced by carrageenan
depends on their action on formyl peptide receptors, which
are related to lipoxins or resolvins (Nunes et al., 2010).
Studies have shown that lipoxins may regulate the chronic
and the acute inflammatory responses (Kantarci and van
Dyke, 2003). Considering that lipoxins need to bind to G-
protein coupled receptors, such as formyl peptides recep-
tors family, to exert their biological actions (Chiang and
Serhan, 2006; Ye et al. 2009), the results obtained in the
present study with animals pre-treated with Boc2,
a specific inhibitor of formyl peptide receptors, reinforce
a possible involvement of lipoxins in this inhibitory effect of
the Cdt venom on this chronic inflammatory response.

To identify which component in the Cdt venom is
responsible for the toxin’s inhibitory effect on chronic
edema induced by BCG, we found that crotoxin, the major
component of the venom and the main toxin responsible
for the observed effects in the pathophysiology of Crotalus
envenoming, was the only component that presented
similar inhibitory results to those observed with crude
venom. This result confirms previous studies showing that
this toxin interferes with the biological and metabolic
activities of macrophages and is responsible for the inhi-
bition of acute inflammatory processes (Sampaio et al.,
2006; Nunes et al., 2010).

In conclusion, our results show that C. durissus terrificus
venom, and in particular crotoxin, significantly inhibits
the chronic paw edema induced by the injection of BCG
in mice and suggest that this inhibition may be due to
the generation of anti-inflammatory mediator(s) from
the lipoxygenase pathway, possibly by the generation of
lipoxins.

A better understanding of this phenomenon and further
studies to determine which structural feature of crotoxin
has an inhibitory effect on acute and chronic inflammatory
processes may result in important tools for the study of the
pathophysiologic mechanisms of the inflammatory process.
Additionally, they might be a template for the development
of new agent(s) with potential therapeutic properties for
treating these disorders.
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