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Resumo

Véarias sdo as motivacdes que levam ao estudo de substdncias naturais podendo ser
citadas, a caracterizacio dos seus principios ativos e dos seus efeitos biolégicos. Dentre
estas, ocupam lugar de destaque os venenos ofidicos, uma vez que € freqienie o
envenenamento acidental causado por picada de serpentes, nos paises de clima tropical. No
Brasil, os acidentes ofidicos representam problema de Saide Publica, sendo o género
Bothrops responsavel por cerca de 90% dos casos. Dentre os efeitos sistémicos e locais,
destaca-se a mionecrose que se manifesta rapidamente, ¢ de dificil controle e merece
atengdo especial nas estratégias de tratamento. A mionecrose € provocada por proteinas
miotoxicas que atuam especificamente no sitio da picada. Frente a escassez de estudos
quanto a agHo biolégica do veneno da serpente Bothrops pirajai (jararacussu da Bahia")
uma espécie rara ¢ exclusiva do estado da Bahia e nordeste de Minas Gerais, o presente
trabatho foi proposto com o objetivo de investigar as possiveis atividades miotoxica e
neurotoxica do seu veneno total ¢ de suas fragGes isoladas, Piratoxina-I (PrTX-I) e
Piratoxina-II1 (PrTX-III). Para o estudo, foram utilizadas preparagdes neuromusculares,
nervo frénico-diafragma (NFD) e extensor longo dos dedos (EDL) de camundongos. Os
parametros utilizados foram a técnica miogréfica, a determinagdo de creatinoquinase (CK}),
andlise histologica e ultraestrutural. O veneno total e a fragfio PrTX-III nas doses de 10, 25
e 50 pg/ml causaram bloqueio dose-dependente da resposta contratil do musculo EDL,
alteragdes morfologicas e ultraestruturais com elevada liberagio da enzima
creatinoquinase (CK) na cuba. A miotoxina PrTX-I provocou blogueio dose-dependente
(doses de 5, 10 e 20 pg/mi) da resposta contratil do musculo diafragma de camundongo e
severa mionecrose constatada peia analise histologica do tecido. No entanto, esta fragio
ndo provocou alteragdes miograficas ou histolégicas no musculo EDL. Essas diferencas
quanto a sensibilidade foram provavelmente devidas as diferencas entre o EDL e o
diafragma, que diferem quanto as quantidades de fibras de contragfo rapida e lenta. Nossos
resultados sugerem que a miotoxina PrTX-I e a fragdo PrTX-IIf do veneno total de B.
pirajai seriam os componentes responsaveis pela atividade miotdxica do veneno, muito
embora haja evidéncia de que seus modos de agdio podem ser distintos. Além disso, os
resuitados preliminares com a fragio PrTX-III apontam para uma potente acéo

neurotoxica, fato observado também com o veneno total.
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Introducio

As serpentes sio répteis que se caracterizam, sobretudo, por serem
desprovidos de membros, palpebras moveis, ouvido externo, cavidade do
ouvido médio, e timpano. A mandibula é composta de duas metades ligadas
anteriormente por um ligamento frouxo, fato esse que, entre outros, permite a

degluti¢io de presas muito grandes (HOGE & ROMANO-HOGE, 1972).

A classificag¢do das serpentes na categoria de pegonhentas ¢ baseada na
presen¢a de dentes inoculadores da pegonha na vitima. Existe uma relagio
direta entre 0 niimero de acidentes ofidicos ¢ as caracteristicas adaptativas da
denti¢do para exercer o papel de agente inoculador. Baseado neste aspecto,
serpentes com presas anteriores bem desenvolvidas, com grande mobilidade ¢
que possuem no interior dessas presas um ducto excretor conectado a
glandula produtora da pegonha, sdo aquelas consideradas pegonhentas, mais
habeis na sua capacidade de inocular o veneno na vitima, causando portanto
maior numero de acidentes. A este grupo denominado de Solenéglifas,
pertencem as serpentes da familia Viperidae. As Proteréglifas possuem os
dentes inoculadores conectados a glindula de veneno ¢ providos de sulcos
por onde escoa o veneno, localizados na regidio anterior da boca, sendo
portanto capazes de inocular o veneno na presa no ato da mordida; as
Opistéglifas diferenciam-se das anteriores por possuirem estes tipos de
dentes localizados posteriormehte a boca; e as Aglifas por ndo possuirem
dentes inoculadores de veneno (¢f. VITAL BRAZIL, 1982).

As serpentes vivas mais primitivas sdo consideradas as Typhlopidae
(Scolephidia, UNDERWOOD, 1967) e ndo mostram sinais de secre¢des
biologicamente ativas na boca. Elas ndo possuem glandulas dentats ¢ podem
representar linhas evoluciondrias onde essas glindulas foram perdidas

(KOCHVA, 1987). Ha hoje um consenso sobre a origem das serpentes, que




Introducdo

teriam nos lagartos ou em alguns ancestrais dos lagartos, os seus parentes
primitivos (RIEPPEL, 1979). Nesse sentido, as glandulas de veneno das
serpentes  situadas nas mandibulas superiores seriam modificagdes das
glandulas dos lagartos, que, nestes animais, esto presentes tanto nas
mandibulas inferiores como superiores. A principio essas glindulas
secretavam uma mistura de enzimas que, além da fungdio digestiva, serviam
para enfraquecer a presa, propiciando facilidades e seguran¢a para o seu
manuseio. Estas secre¢des enzimaticas modificaram-se posteriormente para
substincias com atividade toxica. O vemeno das serpentes, portanto, €
produzide per um par de glindulas exdcrinas especializadas, que sdo
glandulas salivares modificadas, situadas na boca. E constituido de uma
complexa mistura de moléculas de natureza quimica diversa e diferentes
agdes, tanto nas presas como no homem (JIMENEZ- PORRAS, 1970; TU,
1977). Dentre os componentes, aproximadamente 90% sdo proteinas, dotadas
de atividades enzimaticas efou toxicas, tais como, fosfolipases,
fosfodiesterases, fosfatases, acetilcolinesterases ¢ enzimas proteoliticas. Os
10% restantes sdo compostos ndo-proteicos como carboidratos, fosfolipideos,
aminas biogénicas, peptidios, nucleotideos e ions (BIEBER, 1979,
BJARNASON & FOX, 1994). Estes componentes tém como funcio primaria
imobilizar ou matar a presa, ¢ em seguida digeri-la. O sucesso da captura e
digestdio da presa deve-se as atividades neurotoxica (pré/pods-sinaptica),
cardiotéxica, miotoxica, coagulante, anticoagulante, hemorragica e, direta ou
indiretamente, nefrotoxica ou hepatotéxica do veneno, além de agGes de
natureza sistémica. Essas atividades, tanto em acidentes humanos como
causadas experimentalmente, sdo devidas a efeitos aditivos ou SInérgicos, €
também antagdnicos das diferentes toxinas ¢ enzimas presentes nos venenos,

que atuam quer indirctamente através de liberagdo de substincias
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farmacologicamente ativas, quer diretamente através de agbes nas membranas

celulares (GUTIERREZ & LOMONTE, 1989).

A busca conhecimento da estrutura quimica de toxinas de serpentes e
suas propriedades farmacolégicas tem sido largamente explorado desde a
década de 60, ¢ desde entdo tem despertado forte interesse cientifico. Toxinas
ofidicas sdo valiosas ferramentas para elucidagdo dos complexos processos
biolégicos, principalmente em nivel molecular, de fendmenos fisiologicos,

farmacologicos ¢ fisiopatologicos (KARLSSON, 1979; TU, 1977).
1.1 - CLASSIFICACAO DAS SERPENTES VENENOSAS

Em todo o mundo existem, aproximadamente, 2.300 espécies de
serpentes, das quais cerca de 240 pertencem & Familia Elapidae ¢ 170 a
Familia Viperidae (KOCHVA, 1987). No Brasil, existem cerca de 250
espécies de serpentes que estdo distribuidas em nove familias. Destas, a
Elapidae e a Viperidae englobam as 70 espécies de serpentes venenosas. O
género Micrurus (cujas espécies sdo popularmente conhecidas como corais) €
o unico representante da familia Elapidae no Brasil. Os representantes da
familia Viperidae, subfamilia Crotalinae, pertencem aos géneros Bothrops
(jararacas), Crotalus (cascavéis) e Lachesis (surucucus) (¢f. VITAL BRAZIL,
1982). Esses representantes sdo particularmente importantes do ponto de vista
médico-epidemiologico para o continente americano, uma vez que essas
serpentes sd0 abundantes nas Ameérica do Norte, Central ¢ do Sul, sdo
Solendglifas, possuem veneno com potente agdo téxica de longo espectro,
caracteristicas que as colocam no topo da lista como causadoras de acidentes

ofidicos de importincia médica.
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1.2 - DADOS EPIDEMIOLOGICOS

No Brasil, no periodo de janeiro de 1990 a dezembro de 1993 os
acidentes ofidicos notificados com informagdo do género da serpente
indicaram que 90,5% foram por Bothrops; 7,7%, por Crotalus: 1,4% por
Lachesis e 0,4% por Micrurus (MINISTERIO DA SAUDE, 1997).

7.7% 1,4% 0.4%

W Bothrops
ECrotalus

ElLachesis

[OMicrurus

90,5%

Fig. 1-Acidentes Ofidicos. Fonte: Ministério da Saude 1997.

A mortalidade € maior nos acidentes crotélicos que nos botrépicos, em
decorréncia da menor letalidade do veneno botrépico. Entretanto, face a
altissima incidéncia dos acidentes por Bothrops em comparagdo aqueles por
Crotalus (relagdo de 13:1), os primeiros tém maior importancia do ponto de

vista médico.

A freqiéncia de acidentes causados pelos diferentes géneros de
serpentes € influenciada por varios fatores: (1) fatores ligados ao ambiente
relacionados a regido, clima (temperatura, pluviosidade, umidade), tipo de

vegetagdo, devastagdo ambiental, fauna local, acimulo do lixo, dentre outras;
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(2) fatores ligados aos aspectos humanos ou populacionais, cabendo
destacar tipo e locais das residéncias, atividade ocupacional (rural,
acampamentos, milicias, etc), formas de lazer (caga, pesca, piqueniques),
condiges socio-econdmicas € culturais e ligadas a estas, a qualidade das
informacdes relativas aos riscos € prevengdo dos acidentes, a mdumentaria
(tipos de roupas e calgados), (3) fatores ligados a serpente, que dizem
respeito ao tipo de denti¢do, habitos alimentares (roedores, passaros, etc),
distribuigdio geografica (matas, florestas, litoral, regides secas ¢ ummdas) €
caracteristicas do seu "habitat" (aquéticas, arboricolas, subterrdneas, de
superficie), mecanismos de defesa (bote, camuflagem, comportamento de
fuga e/ou dissuasivo, guizo), periodos reprodutivos (maior atividade
locomotora), capacidade de deslocamento (migragdo para regides de estagles

favoraveis), entre outros (¢f. RIBEIRO, 1991).

1.3 - CARACTERISTICAS DAS SERPENTES VENENOSAS DO
GENERO Bothrops

O género Bothrops estd distribuido no continente americano, do
México a Argentina (HOGE & ROMANO-HOGE, 1972), ¢ esta representado
por 32 espécies que se distribuem por todo o Brasil. Este género possui
grande importincia e interesse médico, cientifico e social pelo fato de ser
responsavel por 90% do total dos acidentes ofidicos notificados (KAISER &
MICHL, 1971, ROSENFELD, 1971, AMARAL et al,, 1986, 1987,
FERREIRA ef al, 1992, RIBEIRO et al, 1991, BARRAVIERA &
PEREIRA, 1994).

As serpentes pertencentes a esse género habitam, preferencialmente, os
ambientes imidos, como matas e areas cultivadas; paidis, celeiros, depositos

de ragdo, locais de proliferagdo de roedores, zonas rurais ¢ penferias de
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grandes cidades. Tém habitos noturnos, ¢ sdo consideradas as mais agressivas
(MINISTERIO DA SAUDE, 1997).

Os estudos das peconhas das serpentes do género Bothrops tém sido
direcionados para a compreensdo dos fendmenos biologicos envolvidos nos
efeitos que as mesmas causam no local da picada, que incluem dor intensa,
imediata; proeminente necrose tecidual, isto €, mionecrose;, edema; disturbios
da coagulagio ¢ hemorragia. De acordo com a gravidade do acidente ¢ as
medidas de primeiros socorros adotadas, a mionecrose pode determinar perda
de tecido ou amputagio do membro afetado (ROSENFELD, 1971; VITAL
BRAZIL, 1982; MEBS & OWNBY, 1990). Um dos principais efeitos locais
provocados pelo envenenamento por serpentes deste género & a necrose
muscular. A administragio do soro anti-ofidico neutraliza com sucesso 0s
efeitos sistémicos da pegonha, no entanto, a neutralizagdo dos efeitos locais ¢
extremamente dificultada pela imediata atuagdo de toxinas com atividade

proteolitica presentes no veneno.

As serpentes do género Bothrops possuem venenos com agOes
predominantemente coagulante, hemorragica, inflamatéria,
edematogénica, miotéxica (Secretaria de Estado da Saude de Sdo Paulo,

1993), dentre outras.

1.3.1-Acédo coagulante

Esta agdio ¢ conhecida por “agdio coagulante do tipo trombina”,
caracterizada pela transformagdo direta do fibrinogénio em fibrina, ¢ envolve
a agiio de proteases que atuam em pontos especificos da cascata da
coagulagio. A maioria dos venenos tém capacidade de ativar o fator X e a
protrombina resultando em consumo de fibrinogénio com incoagulabilidade

sangiiinea, restaurada horas ap0s o tratamento adequado. Nos acidentes
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botrépicos, quando ocorre a ativagdo do fator X, hd também consumo de
fatores V, VII e plaquetas, levando a coagulagdo intravascular disseminada,
com formagdo e deposigdo de microtrombos na rede capilar (NAHAS, ef al.,

1979), o que poderia contribuir para desencadear a insuficiéncia renal aguda
(AMARAL er al., 1986).

1.3.2-A¢Ao hemorragica

A hemorragia ¢ um dos efeitos mais caracteristicos induzidos por
venenos crotalicos (para revisdo ver OHSAKA, 1979 e OWNBY, 1982). Os
venenos das serpentes da subfamilia Crotalinae podem causar hemorragia
local ou sistémica em pulmdes, cérebro ¢ rins. O trabatho pioneiro feito por
OHSAKA et al. (1973) sobre a natureza ¢ o mecanismo de agdo dos
componentes hemorragicos purificados do veneno de Trimeresurus
flavoviridis (representante desta subfamilia na Asia, e estreitamente
relacionada as Bothrops) levou a proposi¢do de que essas toxinas induzem
hemorragia por diapedese, isto ¢, através de abertura das jungdes
interendoteliais nos capilares com conseqiiente extravasamento sangiiineo.
Por outro lado, OWNBY & GEREN (1987) e OWNBY ef al. (1978)
apresentaram evidéncia de vérias toxinas hemorragicas dos venenos de
Crotalus atrox ¢ C. horridus, que induzem hemorragia por rexe, isto €, pela
ruptura da parede endotelial, permitindo a saida dos elementos figurados do

sangue.

Como alguns componentes hemorragicos, denominados hemorraginas,
isolados dos venenos crotalicos, sdo proteases, é possivel que essa atividade
enzimatica seja relevante para o processo de dano capilar. Virias toxinas
hemorragicas degradam o colageno, inclusive o colageno IV, que € um
componente da lamina basal que envolve as células endoteliais dos capilares
(OHSAKA et al., 1973; BARAMOVA e¢f al., 1989). Desta forma ¢ possivel
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que as hemorraginas afetem a microcirculagdo, tendo como primeiro alvo a
destruicdo da integridade da lamina basal, levando ao extravasamento de
sangue por diapedese ou rexe. O mecanismo exato desta ag¢do permanece
obscuro. Também, um efeito citotoxico direto sobre as células endoteliais ndo
pode ser descartado. O desencadeamento do processo hemorragico

provavelmente ¢ de naturaza multifatorial.

Dentre as toxinas hemorragicas isoladas e caracterizadas de alguns
venenos botropicos (MANDELBAUM et al, 1976, 1984; 1988,
MANDELBAUM & ASSAKURA, 1988; QUEIROZ et al., 1985) todas sdo
proteinas e tém o fon zinco, como co-fator essencial para a atividade
hemorragica (BJARNASON & TU, 1978; TU, 1982).

1.3.3-Acdes edematogénica ¢ inflamatéria

Os envenenamentos botropicos sdo também caracterizados pelo rapido
desenvolvimento de edema e inflamagdo no local da picada ou da injegdo do
veneno. O fendmeno ocorre em minutos € perdura por 24 horas ou mais
(ROSENFELD, 1971, BOLANOS, 1982; AMARAL et al., 1987). Poucos
estudos tém-se dedicado ao isolamento de fatores ou toxinas indutoras de
edema. Este pode decorrer da agdio toxica no endotélio causada por
hemorraginas, ou por toxinas que atuariam diretamente sobre as células
endoteliais dos capilares e vénulas aumentando sua permeabilidade
(OHSAKA, 1979, OWNBY, 1982). Além disso, fosfolipases induziriam a
liberagdo de histamina pelos mastocitos e de acido araquiddnico dos
fosfolipideos da membrana celular, que, por sua vez, desencadeariam a
sintese de prostaglandinas. Esses varios fatores vasoativos sinergisticamente
sdo responsaveis pelo aumento da permeabilidade vascular ¢ do fluxo
sangilineo, levando ao edema pelo extravasamento de fluidos e infiltrado

inflamatdrio de leucdcitos (ROBBINS ef al., 1987).
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1.3.4-Ac¢do miotéxica

Como ja mencionado, os efeitos locais causados por acidente ofidico,
incluindo a necrose muscular, sio seqiiclas comuns causadas, muitas vezes,
por mais do que um tipo de componente do veneno por agdo sinérgica, razio
pela qual as tentativas de prevengdo desses efeitos sdo infrutiferas, mesmo

porque, ocorrem de forma muito rapida logo apds a picada por estes animais.

A pele e a musculatura esquelética sdo os primeiros tecidos afetados no
acidente ofidico. Em muitos casos, o dano local pode levar a uma marcante
diminui¢fio funcional ou, até, amputagéo do membro afetado (ROSENFELD,
1971). Os processos mioliticos severos em geral vém acompanhados por
edema e hemorragia resultantes da agfio combinada dos fatores contidos no

veneno (HOMMA & TU, 1971; OWNBY, 1982, MEBS & OWNBY, 1990).

No caso dos venenos botrépicos a atividade miotdxica é acompanhada
de forte atividade hemorragica, mascarando o efeito especifico atribuido a
cada um dos componentes do veneno (MEBS & OWNBY, 1990).

As miotoxinas dos venenos das serpentes constituem um grupo
heterogéneo de toxinas (MEBS & OWNBY, 1990), que atuam primariamente
no tecido muscular causando mionecrose. Esta, ¢ de dificil distingdo da
mionecrose secundaria causada por exemplo, por isquemia do tecido por
faléncia da microcirculacdo afetada pelas hemorraginas (QUEIROZ er al.,
1985), que direta ou indiretamente atuariam nas células endoteliais. Por outro
lado, existem venenos como o da Bitis arietans (MEBS & PANHOLZER,
1982) que ndo causam lesdes nas células musculares, muito embora

contenham algumas das mais ativas hemorraginas.
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As miotoxinas dos venmenos sdo componentes muito potentes.
Quantidades de | micrograma freqiientemente causam notavel dano nas fibras
musculares  esqueléticas quando injetadas experimentalmente em

camundongos ¢ ratos.

As miotoxinas podem ser classificadas em:

1.3.4.1-Peptideos miotéxicos

Incluem polipeptideos basicos de pequeno peso molecular, da ordem de
4.000 daltons, com 43 a 45 residuos de aminodcidos, exibindo alto grau de
homologia sequencial, ligados por trés pontes dissulfeto, e ponto isoelétrico
acima de 9 (FOX et al,, 1979), tais como a miotoxina a do veneno da
Crotalus viridis viridis (OWNBY et al., 1976, CAMERON & TU, 1977), o
peptideo ¢ do veneno da Crotalus viridis helleri (MAEDA et al., 1978), a
crotamina do veneno de Crotalus durissus terrificus (LAURE, 1975),
miotoxina I e II do veneno de Crotalus viridis concolor (ENGLE et al., 1983;
BIEBER et al., 1987), toxina II do veneno de Crofalus horridus horridus
(MEBS et al., 1983) ¢ toxina CAM do veneno de Crotalus adamanteus
(SAMEJIMA. ef al., 1988). Estas miotoxinas ndo exibem atividade
enzimatica. A crotamina ¢ a miotoxina g atuam nos canais de sodio,
promovendo maior influxo desse ion nas células musculares, sem afetar a
integridade do sarcolema. No entanto, alteram o equilibrio hidroeletrolitico
celular, com dilatagdo das cisternas do reticulo sarcoplasmatico e prejuizo da
funcio da enzima Na'K'-ATPase. Histologicamente, aparecem inimeros
vactolos entre as miofibrilas, por conta do desequilibrio funcional do reticulo
sarcoplasmatico, no seu papel de manter a homeostasia ibnica citossélica

juntamente com as mitocondrias.
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Os efeitos desses venenos crotalicos sdo imediatos em camundongos, €
manifestam-se por prostragdo, forte contratura das patas traseiras e morte

devida & parada respiratoria.

1.3.4.2-Miotoxinas com atividades fosfolipdsica A; (PLA;) e neurotéxica

(pré-sinaptica)

Sio toxinas potentes, com atividade fosfolipasica, e incluem a notexina
do veneno de Notechis scutatus scutatus (HARRIS et al., 1975), a crotoxina
do veneno da Crotalus durissus terrificus (GOPALAKRISHNAKONE et al.,
1984), a taipoxina do veneno da Oxyuranus scutellatus (HARRIS &
MALTIN, 1982) e a toxina mojave do veneno de Crotalus scutulatus
scutulatus (CATE & BIEBER, 1978).

As alteragdes patologicas produzidas por essas miotoxinas nas células
musculares caracterizam-se por hipercontragio dos miofilamentos levando a
agregagio das miofibrilas, acompanhada por despolarizagdo e necrose da
célula. O mecanismo proposto para explicar essas alteragdes tem sido o de
que haveria hidrdlise dos fosfolipideos da membrana devida a atividade
enzimatica, ruptura do sarcolema e perda da habilidade da célula em regular o
fluxo de calcio extracelular (HARRIS & MACDONELL, 1981; GUTIERREZ

et al., 1984), o que levaria as alteragdes patologicas observadas.

1.3.4.3-Miotoxinas com e sem atividade PLA; (PLA; e PLA; -"like")

S30 toxinas que causam danos musculares idénticos aos acima
mencionados, porém nio causam sintomas neurotoxicos. Provocam intensa
mioglobiniiria, com conseqiiente faléncia renal, responsavel pelo efeito letal
em camundongos (FOHLMAN & EAKER, 1977). Dentre as proteinas dos
venenos botropicos com atividade miotoxica estdo as fosfolipases A, (PLA;)
(E.C.3.1.1.4) e as PLA,; -"like" (VAN DEENEN & HASS, 1963).
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As PLA, compreendem uma familia de hidrolases esteroliticas que
catalizam a hidrélise de fosfoglicerideos 3-sn na posi¢do 2. Estas enzimas
PLA, podem ser divididas em dois subgrupos: 1) as miotoxinas PLA,-Asp49,
que possuem um residuo de acido aspartico na posi¢do 49 da cadeia de amino
4cidos, o qual é o sitio de ligacdo do ion célcio, e esta relacionado com a
elevada atividade enzimatica ¢ 2) as miotoxinas PLA,-Lys49 ou PLA,-"like",
que possuem um residuo lisina na posigdo 49 e possuem baixa ou nenhuma
atividade fosfolipolitica, embora estudos bioquimicos e imunolégicos tenham
indicado que elas sdo estruturalmente andlogas as PLA; (KARLSSON, 1979,
HOWARD & GUNDERSEN, 1980; DIAZ et al., 1991).

As fosfolipases dos venenos ofidicos estdo usualmente distribuidas em
dois grandes grupos destes animais. O grupo I inclui as familias Elapidae ¢
Hidrophidae e o grupo II inclui as Crotalidae e Viperidae. No veneno das

serpentes do grupo II estdo presentes:

1) As PLA,-Asp49, que sdo catalicamente ativas e incluem a miotoxina
[ do veneno de Bothrops asper (GUTIERREZ et al., 1984) ¢ as
miotoxinas dos venenos de Naja nigricollis, Naja haje haje e Naja

nivea (MEBS, 1986).

2) As PLA,-Lys49 inativas ou pouco ativas enzimaticamente
(SELISTRE DE ARAUJO et al., 1996) ¢ onde estdo incluidas a
bothropstoxina 1 de  Bothrops  jararacussu  (HOMSI-
BRANDEBURGO et al., 1988, RODRIGUES-SIMIONI et al.,
1995), a miotoxina do veneno de B. nummifer (GUTIERREZ et al.,
1986; 1989), a miotoxina Il (LOMONTE & GUTIERREZ, 1989) e
a IV (DIAZ et al., 1995) do veneno de Bothrops asper, a miotoxina
I e II de Bothrops moojeni (LOMONTE et al., 1990) e a miotoxina
I de Bothrops godmani (DIAZ et al., 1992). Recentemente, uma

nova miotoxina foi isolada do veneno de Bothrops pirajai, a qual foi
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denominada Piratoxina-I (PrTX-I) e caracterizada como sendo uma
miotoxina do tipo PLA,-Lys49, ou seja, com baixa atividade PLA,
(PLA,-"like") (MANCUSO er al., 1995).

1.3.4.4-Cardiotoxinas

Sdo miotoxinas, também denominadas citotoxinas. Sdo proteinas
basicas de baixo peso molecular (6.000 a 7.000 daltons), desprovidas de
atividade enzimatica e possuem de 60 a 62 residuos de amino acidos
interligados por 4 pontes de dissulfeto. Apresentam varias agdes em diferentes
tipos de células: causam hemolise e despolarizagio e contratura nas células
musculares esqueléticas (HARVEY, 1985, 1990; LEE et al., 1968; LIN
SHIAU et al., 1975; FLECHTER & LIZZO, 1987), com conseqiiente
mionecrose. Estas cardiotoxinas foram originariamente assim chamadas por
sua acdo in vivo sobre o coragdo, causando arritmias (CONDREA, 1974).
Recentemente OWNBY et al. (1993), demonstraram a habilidade da
cardiotoxina I do veneno de cobra (Naja naja atra) em causar necrose in vivo
da musculatura esquelética, porém esta habilidade j havia sido relatada por
DUCHEN et al. (1974) ¢ COUTEAUX et al.(1988), com a cardiotoxina do

veneno de Naja mossambica mossambica,

As cardiotoxinas alteram a fung3io de canais de sodio, a semelhanga da
miotoxina @ e crotamina. Porém, os efeitos morfologicos ndo se assemelham
aos induzidos por essas toxinas, mas so similares aos produzidos pelas
miotoxinas com e sem atividade PLA, (OWNBY et al., 1993). As
cardiotoxinas e as miotoxinas-PLA, ¢ PLA,-"like" causam imediata lise do
sarcolema, seguida por hipercontragdo ¢ necrose. Sdo proteinas altamente
basicas, com uma grande porgdo de superficie positivamente carregada. O

sitio real de interagdo das cardiotoxinas com as membranas das células
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musculares ¢ obscuro, porém podem ser sugeridos: (a) sitios da membrana
carregados negativamente, (b) sitios de ligagao de cdlcio ¢ (c) proteinas
integrais da membrana (HARVEY, 1990).

Os possiveis modos de agfo para as cardiotoxinas incluem: (1) agdo
direta sobre a membrana plasmatica provocando ruptura da mesma
acompanhada por despolarizagdo, (2) agdo indireta através da ativagdo da
fosfolipase C enddgena do tecido, ou (3) uma combinagio dos dois
mecanismos; (4) uma possibilidade adicional para o mecanismo de agfo seria
através da inibicdo da Na'K'-ATPase seguida por aumento da concentragio
osmotica de Na* e edema celular por influxe passivo de agua para a célula
(OWNBY et al.,1993).

1.4 - PATOGENESE DA MIONECROSE INDUZIDA POR MIOTOXINAS
PLA; E PLA,-"like"

O resultado da agiio miotdxica € a mionecrose. Evidéncias histoiogicas,
ultraestruturais e bioquimicas indicam que membrana plasmatica da célula
muscular é a primeira estrutura afetada por miotoxinas botrdpicas
(GUTIERREZ & LOMONTE, 1995). Esses autores estudaram o efeito de
miotoxinas em células, lipossomos ¢ musculo esquelético € sugerem um
mecanismo de a¢do hipotético, onde as miotoxinas podem ligar-se a um sitio
ndio identificado da membrana plasmatica. Este sitio pode ser uma proteina,
um dominio fosfolipidico carregado negativamente ou outro componente.
Parece haver interagdo eletrostatica entre sitios catibnicos das toxinas e
grupos carregados negativamente na membrana. Apos esta ligagdo inicial, as

miotoxinas penetrariam a bicamada lipidica por uma interagdo hidrofébica
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mediada por uma regido da molécula diferente do sitio catalitico. E possivel
que nesta regido concentrem-se residuos de aminoacidos bésicos ¢
hidrofébicos. Adicionalmente, a acilagdo poderia contribuir para a interagao €
penetracio da toxina na membrana celular. Tal dominio téxico hipotético
poderia estar presente nas variantes enzimaticamente ativas e inativas. E
muito provavel que a presenca de residuos hidrofobicos flanqueados por
residuos catiénicos, constitua um esbogo molecular comum para a regido
citolitica nas miotoxinas. A penetra¢do desta regido no centro hidrofébico da
bicamada lipidica seria responsavel pela desestabilizagdo da membrana, com
desregulagdo da permeabilidade a ions e macromoléculas. A penetragdo na
membrana requer, provavelmente, uma membrana fluida, porque a miotoXina
perde a agéio citotéxica a 4°C. Um influxo de calcio seria provavelmente a
conseqiiéncia mais relevante de disturbios na membrana resultando em
alteragdes mo citoesqueleto, dano mitocondrial e ativagdo de proteases
fosfolipases calcio dependentes. A patogénese da lesdio muscular por
miotoxinas botrdpicas ndo esta elucidada, uma vez que sdo poucos 0s estudos
com essas toxinas. Contudo, os resultados sdo semelhantes, sugerindo que

todas tém mecanismo de agdo analogo.

Além de acdes primarias do veneno nas fibras musculares, a
mionecrose pode ser induzida por agdes secundarias ao colapso da
microcirculagdo local (QUEIROZ et al., 1985). O estudo da patogenia da
mionecrose teve inicio com HOMMA & TU (1971) a partir de observagdes
experimentais da agio de venenos de 37 espécies de serpentes. Esses autores
relatam o aparecimento, apos 24 hs da injegdo intra-muscular (i.m.) dos
venenos, de 3 tipos de mionecrose: (1) coagulativa, (2) miolitica, e (3) os dois
tipos anteriores juntos, dependendo do tipo de veneno. Estudos em
camundongos demonstraram que as células musculares afetadas por

miotoxina a (OWNBY et al., 1976) ou por miotoxina fosfolipasica do veneno
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de Bothrops asper (GUTIERREZ et al., 1984a), embora apresentem
diferentes processos de patogénese das lesdes mionecroficas, culminam no
mesmo quadro patolégico nos periodos tardios, que inclui despolarizagdo,

hipercontragio, aumento da permeabilidade aos ions cdlcio € necrose celular.

OWNBY ef al. (1988) estudaram as diferentes etapas da mionecrose
em experimentos realizados com venenos de Crotalus viridis viridis, Naja
naja naja ¢ Crotalus atrox. A mionecrose induzida por esses venenos pode
ser dividida em 4 fases: fase inicial (15 min a 3h), fase intermediania (3h a
72h), fase tardia (72 a 96h) e fase final (apos 96h). O inicio do processo
caracteriza-s¢ pelas chamadas lesdes "delta", descritas por MOKRI &
ENGEL (1975), usando microscopia de luz. S8o lesdes das fibras em forma
triangular originadas por lise focal da membrana plasmatica. Além disso, o
aparecimento de vacuolos claros; miofibrilas em diferentes graus de
condensagdo, intercaladas com areas claras irregulares, de aparéncia amorfa
no citoplasma (semelhantes a regides da fibra comidas por tragas ou “moth -
eaten” lesions), numa fase intermediaria predominam pelo menos dois
estigios patoldgicos caracterizados por miofibrilas condensadas, que
assemelham-se as da fase inicial e por células com aparéncia amorfa; numa
fase posterior, a presenga de intenso infiltrado de células fagociticas, € na fase
final, areas de células musculares pequenas em regeneragdo intercaladas com
areas de tecido fibrotico, foram os diferentes aspectos observados durante a
patogénese da processo mionecrdtico. As caracteristicas essenciais da
mionecrose sio as mesmas para os trés venenos, ndo sendo possivel distingéo
entre eles baseado somente no aspecto morfologico. O tempo exato, apos a
injecdo, no qual essas fases ocorrem varia dependendo do tipo e da dose do

veneno injetado.
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A mionecrose induzida por miotoxinas (com atividade PLA,-Asp4d9 ou
sem atividade PLA,-Lys49) de venenos de serpentes (dentre as quais as
botrépicas), parece iniciar-se por ligagdo interativa com a membrana e
rompimento da bicamada lipidica da fibra muscular (GUTIERREZ et al.,
1984 a; b; 1986; 1989; 1991; GOPALAKRISHNAKONE ez al., 1984). Um
exemplo destas miotoxinas (Lys49) ¢ a botropstoxina I (BthTx-I) do veneno
de B. jararacussu (HOMSI-BRANDEBURGO et al., 1988). A principal
conseqiiéncia da desorganizagdo da membrana plasmatica € a perda do
controle da permeabilidade, que permitira escape de moléculas como creatina,

creatina quinase, desidrogenase latica, ¢ a entrada de ions calcio.

A quantificagdo da liberagdo de enzimas sarcoplasmaticas de
preparagdes isoladas de musculo esquelético é um método sensivel para
avaliar os efeitos miotéxicos dos venenos ofidicos, ¢ danos causados por
anoxia, “stress” celular ou agentes citotoxicos variados (SUAREZ-KURTZ &
EASTWOOD, 1981; JONES et al., 1983; MELO & SUAREZ-KURTZ, 1988;
JACKSON et al., 1991; MCARDLE et al., 1991, 1992, 1994a, 1994b; MELO
etal., 1993, 1994; MCARDLE & JACKSON, 1994; PAGALA et al., 1594).

Tais estudos tém sido efetuados em musculos isolados removidos com
um minimo de trauma , entre eles o EDL (misculo extensor longo dos dedos)
de ratos e camundongos, € o SOL (soleus). Associado a determinagdo do nivel
sérico da enzima citoplasmatica, creatmo quinase (CQ) liberada devido a
tesio da membrana celular, a andlise das alteragdes morfolégicas, contribuem

para a medida da injtria muscular causada por agdo de venenos ofidicos.

A literatura apresenta poucos trabalhos sobre a acdo de venenos
botrépicos quanto a atividade farmacologica sobre a jungdo neuromuscular,

com excegdo de estudos com fragdes obtidas dos venenos das Bothrops mogjeni
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(RODRIGUES-SIMIONI et al., 1990); Bothrops lanceolatus (LOBO-ARAUJO
et al., 1990), veneno total de Bothrops insularis (COGO et al., 1990a, 1990b,
1993) e de sua fragdo PLA, (COGO et al., 1998).

1.5 - CARACTERISTICAS DO VENENO DE Bothrops pirajai

A espécie Bothrops pirajai (AMARAL, 1926) é exclusiva da regido sul
do estado da Bahia e nordeste de Minas Gerais (HOGE & ROMANO,

1978/79), e tem seu veneno pouco estudado.

A espécie Bothrops pirajai foi descrita por AMARAL (1926), como
sendo uma espécie diferente das demais espécies brasileiras de Bothrops. Sua

espécie mais afim € a Bothrops jararacussu, todavia, existem algumas

diferengas fenotipicas entre estes animais AMARAL (1926).

Fig. 2 — Bothrops pirajai. Foto cedida pelo Dr. Ivan Sazima.
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MANCUSO et al. { 1995) foram os pioneiros no estudo bioquimico do
veneno da B. pirgjai. A Piratoxina-I (PrTX-I) ¢ uma miotoxina isolada do
mesmo e corresponde a 47,3% da quantidade total de proteinas presentes no
veneno. O veneno apresentou pontos em comum ¢om o da B. jararacussu, no
que diz respeito as caracteristicas fenotipicas e aos componentes do veneno. A
botropstoxina-I (BthTX-I) do veneno de B. jararacussu € Piratoxina-I (PrTX-
I) do veneno de B. pirgjai exibem auséncia de atividade fosfolipasica (testada
em lecitina da gema de ovo), sendo ambas Lys49-PLA;, e compartilham alta
homologia na composigdo e seqiiéncia de aminoacidos, ocorrendo somente
duas mutagdes ao longo da cadeia peptidica da PrTX-I em relagdo a BthTX-I.
A PrTX-I, quando injetada no musculo esquelético, ndo causa hemorragia
sugerindo que a lesdo muscular ocorre devido a agdo miolitica direta sobre a
membrana cetular MANCUSO et al., 1995).

O rompimento da membrana celular levaria ao influxo de calcio para o
citosol ¢ provocaria uma sobrecarga deste ion as mitocéndrias, causando sua
degeneragio, associado ao fato de o excesso de caicio citossolico levar a
hipercontragdo dos miofilamentos € ativagio de proteases e fosfolipases
intracelulares calcio-dependentes (WROGEMAN & PENA et al., 1976), €
finalmente & necrose celular. Este mecanismo tém sido proposto para outras
miotoxinas de venenos botrépicos (GUTIERREZ et al., 1984b, 1991), ¢
sugerido para outros agentes indutores de mijonecrose (CRUZ-HOFLING et
al. 1997).

De acordo com MANCUSO et al. (1995), a mionecrose provocada pelo
veneno bruto de B. pirajai associa-se a pronunciada reagdo inflamatoria,

principalmente representada por leucdcitos polimorfonucleares.
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Estudos de analise cristalografica de proteinas homologas Lys49-PLA,
de espécies botropicas, como a miotoxina II do veneno de Bothrops asper
(ARNI et al., 1995), e a miotoxina PrTX-I, de B. pirajai (CANDURI et al.,
1998) tém sido realizados. No caso da PrTX-I, os resultados preliminares
revelaram a presenca de duas moléculas na unidade assimétrica cristalogréfica
datoxina. O conhecimento das estruturas cristalograficas destas miotoxinas
Lys49-PLA; pode contribuir para o esclarecimento da estutura e localizagio
dos sitios de agdes correspondentes as atividades bioldgicas e cataliticas

destas toxinas.

Qutra fragfio isolada do veneno de B. pirajai corresponde & SIV-SP;
(MANCUSO er al.,1995) e representa 18,8% do peso total de proteinas do
veneno. Esta mesma fragio foi isolada pelo método de HPLC e demonstrou
moderadas atividades fosfolipasica e anticoagulante e potente atividade
miotéxica (TOYAMA et al ., 1998, submetido). Esta toxina foi denominada
Piratoxina-ITT (PrTX-III).
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Objetivos

O objetivo do presente estudo foi obter informagdes adicionais sobre a atividade
biologica do veneno total de Bothrops pirajai em preparagdes isoladas de musculo
extensor longo dos dedos (EDL) e identificar quais fragdes do veneno responsavets
pelas mesmas. Para esta finalidade, foram analisadas as fragdes Piratoxina-I (PrTX-I) e
Piratoxina-III (PrTX-III). Na literatura sdo escassas as mformacdes sobre os efeitos
bioquimicos, fisiolégicos e morfolégicos do veneno e fragdes de B. pirgjai. A
semelhanga fenotipica da B. pirajai com a B. jararacussu, a homologia da composigéio
de seus venenos e a distibwiglo geografica de cada espécie poderiam estar
relacionados com a atividade biologica destes venenos. Além disso, as informagdes
obtidas sobre o veneno e suas fragdes poderdo auxiliar na compreensio dos complexos
fenbémenos fisiopatolégicos que ocorrem nos envenenamentos ofidicos, contribuindo
para clucidagdo das rclages entre a estrutura dos componentes ¢ a fungdo que

EXErcem.

O modelo experimental escolhido para este estudo foram as preparagdes
neuromusculares do diafragma ¢ EDL de camundongos Swiss para o veneno total e
PrTX-I, e a preparagdo EDL apenas para a PrTX-IIl. Os modelos in vitro sdo
adequados a investigagfio cientifica por propiciarem boas condig¢des para aferi¢do das
atividades fisioldgicas, bioquimicas ¢ morfologicas dos misculos. A combinagio de
diferentes métodos como a miografia, que avalia a resposta contratil do musculo, a
bioquimica, que avalia a integridade das fibras musculares, através da dosagem de
enzimas intracelulares liberadas para o meio de incubagio (p.ex.: creatinoquinases) € a
analise das alteragGes patologicas, tanto histolégicas quanto ultraestruturais, permitirfo

consubstanciar os resultados obtidos e iterpreta-los de forma mais critica e objetiva.
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ABSTRACT

P.D. Costa, MH. Toyama, S. Marangoni, L. Rodrigues-Simioni and M.A. da Cruz-

Hofling. Effects of Bothrops pirajai venom on the mouse extensor digitorum longus (EDL)

muscle preparation. Toxicon ® @, ® @ ® © ® ® 13 ® ® —The effects of Bothrops

pirajai snake venom on the mouse extensor digitorum longus (EDL) preparation were
examined using myographic, histopathological and biochemical approaches. B. pirajai
venom (10, 25 or 50 ug/ml) dose dependently and irreversibly blocked the contractile
response of indirectly stimulated EDL muscle. Histopathological analysis of EDL muscle
incubated with venom showed dose—dependent damage with a loss of the normal tissue
structure and the appearance of highly dark, edematous fibers together with myofibrils in
various stages of condensation. At high doses of venom (50 pg/ml), loss of muscle cells
was observed. In non-stimulated EDL, B. pirajai venom (10 pg/ml and 50 pig/ml) caused a
time-dependent release of CK which was maximal after 120 min. These results suggest that
component (s) presents in the B. pirajai venom have a direct myolytic action on the

skeletal muscie.
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INTRODUCTION

Most snakebites in Central and South America are inflicted by species of Bothrops. In
Brazil, this genus is responsible for 90% of snakebites accidents (Rosenfeld, 1971).
Envenomation by most Bothrops species produces a qualitatively similar
pathophysiological picture characterized by: (1) immediate and prominent local tissue
damage, including myonecrosis, hemorrhage and edema (Rosenfeld, 1971, Gutiérrez et al.,
1982), (2) cardiovascular alterations, especiaily hemorrhage and hypovolemic shock
(Rosenfeld, 1971; Amaral et al, 1987), (3) coagulation disorders, most frequently
defribrination (Rosenfeld, 1971, Bolands, 1982; Amaral ef al, 1987), and (4) renal
alterations which may evolve into acute renal failure (Vargas-Baldares, 1978; Amaral et
al., 1985; Boer-Lima et al., 1997). These symptoms reflect the additive or synergistic
effects of different toxins and enzymes present in the venoms.

One of the main local effects observed following envenomation is myonecrosis, which
frequently leads to permanent tissue loss, disability or amputation (Rosenfeld, 1971,
Gutiérrez and Lomonte, 1989).

Numerous studies have investigated the myotoxic and neuromuscular activities of
the venoms and toxins of several Bothrops species including B. jararacussu (Rodrigues-
Simioni ef al.,1983), B.moojeni (Rodrigues-Simioni ef al., 1990; Franco-Andrade ef al,
1997), B. alternatus (Queiroz and Petta, 1984; Franco-Andrade et al, 1997); B.
lanceolatus (Lobo-Aratjo et al., 1990), B. insularis (Cogo et al., 1993, 1998) and B.
neuwiedi (Zamunér, MSc thesis, State University of Campinas, 1997).

In contrast, little is known about the venom of Bothrops pirajai (“jararacussu da
Bahia™), a species found in the State of Bahia, in northeastern Brazil (Amaral, 1926; Hoge

and Hoge-Romano, 1978/79). Morphologically, this species is similar to Bothrops
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Jjararacussu and its venom contains myotoxins (Mancuso et al., 1995) similar to those in B.
jararacussu venom (Cintra e al., 1993). This report describes the myotoxic and
neuromuscular activities of B. pirajai venom in the mouse extensor digitorum longus

(EDL) muscle preparation.
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MATERIAL AND METHODS

Venom and animals

Desiccated B. pirajai snake venom was a kind gift from Dr. José Roberto Giglio
(Faculdade de Medicina/USP, Ribeirdo Preto, SP, Brazil) and the Instituto Butantan (S&o
Paulo, SP, Brazil). Adult Swiss white mice of both sexes (25-30 g) were supplied by

CEMIB-UNICAMP. The animals were housed with free access to food and water.

Methods
Myography

The extensor digitorum longus (EDL) muscle preparation was carefully removed
from mice anesthetized with chloral hydrate (3 mg/ml; Quimibras, Campinas, SP, Brazil)
and mounted horizontally under a tension of 0.5 g in a 3.5 ml organ bath containing
Tyrode’s solution (pH 7.4, 37°C) of the following composition (mM): NaCl 137, KCl1 2.7,
CaCl; 1.8, MgCl, 0.49, NaH,PQ, 0.42, NaHCO; 11.9 and glucose 11.1, aerated with 95%
03 - 5% CO,. A bipolar platinum ring electrode was placed around the muscle for indirect
stimulation with a Grass Sag stimulator (0.1 Hz, 0.2 ms, 9.0 mV). To record isometric
muscle contractions and contractures, the muscle was connected to a force displacement
transducer (BG-10 GM, model J-1217) coupled to a Gould RS 3400 physiograph. B.
pirajai venom (10, 25 or 50 pg/ml) was added to the bath solution after allowing 10 min
for the preparation to stabilize. The venom was in contact with the muscle for 120 min.
Creatine kinase (CK) release

EDL muscle was incubated in a tube containing 3.5 ml of Tyrode solution at 37°C
and aerated with 95% O - 5% CO2. At 0, 15, 30, 60, 90 and 120 min after the addition of

venom (10 pg/ml or 50 pg/ml), samples of the bath solution (100 ul) were collected and
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stored at 4°C until CK activity was determined using a commercial kit (Granutest® 2.5,

Diagnostica Merck, Germany). The CK activity was expressed as units/litre (U71).

Histopathological studies

EDL muscle was incubated with B. pirajai venom (10, 25 or 50 ug/ml) for 120
min. Following this incubation, fragments of the muscle were immediately fixed for 24 h
in Bouin’s fixative, after which they were washed three times with a solution of water and
ammonia, dehydrated in increasing concentrations of ethanol (70%, 95% and 100%) and
embedded in Historesin JB-4 (LKB-Bromma, Sweden). Sections 2-3 pm thick were cut
using a Leica RM 2035 microtome ( Leica, Vienna, Austria) and stained with 0.5%
Toluidine blue for examination by light microscopy. Photomicrographs were obtained

using a Zenalumar Zeiss light microscope (Carl Zeiss, Jena, Germany).

Statistical analysis
The significance of any differences observed was determined using Student's t—test
with a P value < 0.05 being considered significant. The results are expressed as the mean &

S EM. of the number of animals or experiments indicated.
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RESULTS

Myography

B. pirajai venom caused dose—dependent contracture followed by blockade of the
contractile response of EDL preparations under indirect electric stimulation (Fig. 1). A
venom dose of 10 ug/mi, produced only a slight blockade (20%) and no contracture during
120 min incubation (n=9).

A venom dose of 50 ug/ml produced 50% blockade in approximately 32.4 min (n=
3), whereas a dose of 100 pg/mi produced total blockade of the muscle twitch tension in all
experiments (n= 3} (Fig. 1).
(Position Fig. 1 here)
Histopathological analysis

No morphological changes were detected in EDL muscle fibers after a 120 min
incubation with Tyrode solution (Fig. 2a, b). Cross sections of control muscle showed
organized fascicles of muscle fibers with polygonal profiles permeated by strands of
perimisium (Fig. 2a); the fiber striations were well defined in longitudinal sections (Fig.
2b). In contrast, EDL muscle incubated with B. pirajai venom showed a range of structural
changes in the fibers, the intensity of which appeared to be dose—dependent. A venom dose
of 10 ug/ml produced heavily—stained round fibers, swollen cells and/or microvacuolated
fibers as well as disorganization of the muscle fascicle (Fig. 2c). Longitudinal sections
showed rarely both hypercontracting and myofibril-devoid areas along the same fiber (Fig.
2d). These alterations were more severe with 25 ug of venom/ml (Fig. 2e, f). Darkening of
the fibers associated with both agglutination and disintegration of the myofibrils produced
a lace-like appearance. The extent of myonecrosis varied among EDL fibers (Fig. 2e, d)

and affects the fiber s diameter. At a venom concentration of 50 pg/mi, dispersion of the
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fascicle fibers and potentiation of the necrosis was observed (Fig. 3a, b). This higher
venom dose also reduced to nil the number of fibers resistant to necrosis seen with 25
pg/mi of venom (Fig. 3b).

(Position Figs. 2 and 3 here)

CK releasing in vitro

Incubation of EDL muscle with venom (10 pg/ml or 50 pg/ml) resulted in a time and dose-
dependent release of CK which was maximal after 120 min. Compared to controls, CK
content in the bath was remarkable even with the dose of 10 ug/ml (Fig. 4). A significance
difference (P < 0.05) exists in CK releasing soon after 30 min incubation (Fig. 4), being the
maximal peak achieved after 120 min (10 ug/mi = 3864.4 £ 153.2 Ulliter/S.E.M.; 50 pg/ml
=4522.7 +166.2 U/liter/S.EM.).

(Position Fig. 4 here)
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DISCUSSION

B. pirajai venom produced dose-dependent contracture and blockade of the twitch-
tension responses of EDL muscle under indirect electrical stimulation. Comparison of
mouse EDL and phrenic nerve-diaphragm preparations (data not shown) showed that the
former is four fold more sensitive to B. pirgjai venom than the latter. EDL muscle contains
mainly white, fast contracting twitch fibers with an elevated glycolytic capacity (Ellisman
et al., 1976; Takekura et al., 1994), while the rat diaphragm is a mixed muscle with both
fast and slow contracting twitch fibers (60% red, 20% white and 20% intermediate fibers)
with a high oxidative capacity (Padykula and Gauthier, 1970; McArdle and Albuquerque,
1973). These differences reflect on the pattern of motor innervation and exert a direct role
in the distinctive contractile, enzymatic and ultrastructural properties of each muscle fiber,
as well as in their sensitivity to ACh (Vrbora, 1995). Fast-twitch (EDL) and slow-twitch
(soleus) muscles have different sensitivities to some snake venoms and myotoxins as
assessed by CK release and morphological changes (Mele and Ownby, 1996). In
particular, the biochemical and physiological properties of EDL may enhance or favour the
myotoxic action of snake venoms and toxins (Melo and Ownby, 1996).

The necrosis seen following snakebites is a highly complex phenomenon resulting
from the action of specific factors and/or from the combination of secondary, non-specific
reactions in the affected tissues (Fukami, 1978, Ownby ef al., 1982, 1990). For this reason,
a combination of different approaches as CK measurements and morphological analysis
are recommended for detecting and evaluating myotoxicity (Mebs and Ownby, 1990;
Gutiérrez and Lomonte, 1995).

Bothrops pirajai venom caused widespread myonecrosis in EDL muscle and

stimulated CK release, effects attributable to proteolytic and myotoxic components of the
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venom which may or may not be associated with phospholipase Az activity. One such
component is piratoxin-I (PrTX-I), a myotoxin lacking PLA; activity obfained from
fraction SPs; another fraction (SP3) also has myotoxic, as well as anti-coagulant and PLA;
activities (Mancuso ef al, 1995). In the EDL preparation, fraction SP; induces a
myonecrosis similar to that of whole venom (unpublished observations) and to that
described by Gutiérrez and Lomonte (1995) for the myotoxic PLA, isolated from B. asper
venom. This toxin, like fraction SPs of B. pirajai venom, has no hemorrhagic activity. The
former provokes muscular lesions by directly affecting the integrity of the sarcolemma
through hydrophobic interactions with the phospholipids bilayer. Low doses of B. pirgjai
venom {10 ug/ml and 25 pg/ml) produced myofiber swelling and shrinking which was
accompanied by dark or heavy staining by Toluidine blue, a cationic dye, indicating an
exacerbation of anionic sites in the fiber (Fig. 2c, €). At these two doses a limited number
of hypercontracted and aggregated myofibrils were perceived, compared to dose of 50
pg/ml which caused extensive swelling and/or shrinking (Fig. 3a, b). In parallel would
modify the interactions of cell components provoking myofibrilar hypercontraction and
agglutination supposedly by a coadjuvant effect of high levels of cytosolic Ca®*. A
breakdown in Ca** homeostasis plays a major role in cell injury could provide a means for
diminishing the contractile response of muscle incubated with venom Bothrops
jararacussu and Bothrops pirajai are very similar morphologically (Amaral, 1926) and
toxinologically in that each contains a myotoxin which lacks PLA; activity (Mancuso et
al., 1995; Toyama ef al., submitted). These myotoxins resembles each other in their amino
acid composition and sequence. In addition, the neuromuscular blockade produced by B.
pirajai venom, release of CK and myonecrotic pattern resemble those seen with B.
jararacussu venom in the same muscle preparation used here (Oshima-Franco, MSc thesis,

State University of Campinas, 1997).
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In conclusion, Bothrops pirajai venom possesses potent myotoxic-acting
constituent (s) which cause blockade of the contractile response, higher CK release and
extensive structural damage to myofibrils. The determination of which fraction is

responsible for such myotoxic effects is presently under study.
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LEGENDS FOR FIGURES

Fig. 1. Effects of B. pirajai venom on indirectly stimulated mouse EDL muscle
preparations.

A. Dose-dependent neuromuscular blockade of muscle twitches, Each point represents the
mean £ SME. of 3-9 experiments. (B), (C) and (D), isometric twitch-tension before and

after the addition of 10, 25 and 50 pg of venom (V/ml), respectively. W: washing of the

preparation.

Fig. 2. Indirectly stimulated EDL muscle incubated with B. pirajai venom for 120 min,

Transversal (A) and longitudinal (B) sections of EDL muscle incubated with Tyrode
solution for 120 min (control). Note the normal structure of the skeletal fibers. In C, the
preparation was incubated with 10 pg of venom/ml. Note disorganization of the muscle
fascicles and the various stages (1-5) of necrosis, a few of which represent the later stages.
Large dark cells are also conspicuously present (d). In D, different stages are seen in same
fiber (F) while other regions maintain a normal striation and morphology (n). In E and F,
an increased number of highly degenerated fibers is seen after incubation with 25 g of
venom/ml; dark (d), shrunken (s) fibers and a lace-like (1) appearance resulting from the

agglutination of myofibrils. Bar, 40 pm.

Fig. 3. EDL muscle incubated with 50 pg of B. pirajai venom/mi for 120 min,
A-Transversal section showing muscle fiber with “delta lesions” (dl) and in an advanced
stage of necrosis. Note the densely clumped myofibrils (dc), vacuolization (v) and

darkened edematous cells. S = altered muscle spindle. Plate B, is a longitudinal section
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showing the general state of necrosis along a fiber. Note the retracted myofibnis separated

by hyaline spaces (*). Bar, 40 um.

Fig 4. CK release from EDL muscle incubated with B. pirgjai venom. Each column

represents the mean + S ME. of 11 preparations.(*P<0.05)
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3.2- “Effects of myotoxin PrTX-III from Bothrops pirajai venom on

the mouse extensor digitorum longus (EDL) muscle preparation®
(a ser submetido)

48




INTRODUCTION

Toxins that induce degeneration in skeletal muscle fibers are thoroughly distributed
in snake venoms (Mebs et al., 1983). Myonecrosis is one of the main consequences of the
envenomation by snakes of Bothrops genus (Rosenfeld, 1971). This myotoxic activity can
be either due to ischemia caused by vascular damage, or by direct action on the muscle cell
membranes, through damage-inducing proteins, €.g., -phospholipases PLA,- and PLA; -
like myotoxins (Queiroz et al., 1985, Gutiérrez and Lomonte, 1989). Some PLA; and
PLA,-"like" myotoxins of Bothropic venoms were already isolated, among which
bothropstoxin 1 (Rodrigues-Simioni e? al. 1983; Homsi-Brandeburgoe et al., 1988) and I
(Cintra et al., 1993) of B. jararacussu venom, myotoxins 1, 11 {Gutiérrez et al., 1984a,
Lomonte and Gutiérrez, 1989), IIT (Kaiser ef al, 1990), and IV (Diaz et al., 1995) of B.
asper venom, myotoxins of B. nummifer venom (Gutiérrez et al., 1986, Brusés et al.,
1993), myotoxin of B. insularis venom (Selistre et al., 1990) and its PL A2-containing
fraction (Cogo ef al., 1998), myotoxins I and Il (Lomonte ef al, 1990), and MOO-1
(Moura et al., 1991) of B. moojeni venom, the myotoxin of B. atrox venom (Lomonte et
al., 1990), myotoxin PRA-1 from B. pradoi venom (Moura et al., 1991) and myotoxins I
and I from B. godmani venom (Diaz ef al., 1992). These bothropic myotoxins have
become useful tools for the study of muscle degeneration and may help clarify the
interactions between nerve and muscle, since they may selectively disrupt motor terminals,
muscle fibers or both.

Recently, a fraction SIV-SP; of Bothrops pirajai venom was isolated by Mancuso et
al., (1995) through molecular exclusion and cation ion exchange chromatography. The
same fraction obtained by HPLC by Toyama et al., 1998 (submitted) and named MP-HI

ARPLAZ2 has shown to be an Asp49-PLA; myotoxin, with moderate phopholipasic and
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anticoagulant but potent myotoxic activities. The venom of B. pirajai causes extensive and
dose-dependent myonecrosis when assayed in vitro (Costa ef al, 1998 in press). The
physiologic and pathological effects of this toxin on EDL skeletal muscle preparation will
be investigated in the present study. A brief description of the method of isolation of the

fraction is also reported.
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MATERIAL AND METHODS

Materials

Desiccated B. pirajai snake crude venom was a kind gift from Prof. Dr. José
Roberto Giglio (Faculdade de Medicina/USP, Ribeirdo Preto-SP., Brazil) and CEPLAC,
CEPEC (Ministery of Agriculture, Itabuna, Bahia, Brazil). Adult Swiss white mice of both
sexes (25-30g) were supplied by CEMIB-UNICAMP (Campinas, Brazil). Animals had free
access to food and water. All chemicals and reagents used in this work were of analytical

grade.

Methods
Isolation of toxin MP-III 4R-PLA; (SIV- -SP3)

The purification of the toxin was made according to Mancuso et al., 1995. The
whole venom (100 mg) was dissolved in 2.0 ml of 0.IM (pH 7.9) ammonium bicarbonate
buffer. The suspension was centrifuged at 10.000 rpm for 4 min and applied on a Sephadex
G75 gel filtration column (1.8 cm x 120 cm) previously equilibrated with ammonium
bicarbonate buffer. The chromatographic profile was monitored at 280 nm and 3 ml
fraction were collected at 13 mlhr flow rate. The active fraction from the first
chromatographic procedure was dissolved in 0.05 M ammonium bicarbonate pH 7.8,
centrifuged and applied on a SP-Sephadex C25 column (1.8 cm x 50 cm). The
fractionation was made using a continuous convex concentration gradient from 0.05 M to
0.1 M of ammonium bicarbonate, pH 7.9. The elution of samples was monitored at 280 nm
and the 3.0 ml fraction was collected at flow rate of 18 mi/hr.

The purification procedure of the isolated fraction obtained as described above was

performed according to the method described by Toyama ef al., 1995. The active fraction
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was dissolved with 750 ul of 0.1 % (v / v) trifluoroacetic acid (Solvent A). The resulting
solution was clarified by centrifugation and the supernatant was applied on top of a 0.78
cm x 30 cm p-Bondapack C-18 column (Waters 991-PDA system). Elution of peaks were
proceeded with a linear gradient from zero to 66.5 % (v / v) acetonitrile (Solvent B} in 0.1
% (v / v) trifluoroacetic acid, at a flow rate of 2.0 ml/min. Absorbances were monitored at
280 nm.

EDL preparation

The mouse extensor digitorum longus (EDL) muscle preparation was removed from
animals anesthetized with chloral hydrate 3 mg/ml (Quimibras, Campinas-SP., Brazil),
mounted horizontally in a 3.5ml organ bath and maintained under a tension of 0.5g in
Tyrode’s solution (pH 7.4, 37°C) with the following composition (mM): NaCl 137; KCI
2.7, CaCl; 1.8; MgCl; 0.49; NaH,PO; 0.42; NaHCO; 11.9 and glucose 11.1, bubbled with
95% O, and 5% CO;. A bipolar platinum ring electrode was placed around the muscle.
Indirect stimulation was performed with a Grass S¢g stimulator (0.1 Hz, 0.2 ms, 9.0 mV).
To record isometric muscle contractions and contractures, the muscle was connected to a
force displacement transducer (BG — 10 GM model J-1217) coupled to a physiograph
(Gould RS 3400). A single dose of 10, 25 or 50 pg/ml of the fraction SP; of the B. pirajai
snake venom, one at each time were added to the bath solution after 10 min of baseline
recording, and remained during the 120 min of muscle incubation.
Creatine kinase release measurements

The EDL muscle was incubated in a tube containing 3.5ml Tyrode solution at 37°C
and bubbled with a mixture of 95% O, and 5% CO;. At 0, 15, 30, 60, 90 and 120 min afier
10 and 50 pg/ml fraction SP; of the B. pirajai snake venom addition, aliquots of the bath

solution (100 pl) were collected and stored at 4°C until their CK activity was determined
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using a commercial kit (Granutest® 2.5) purchased from Diagnostica Merck, Germany.

The CK activity was expressed by units/litre (U/1).

Histological and Ultrastructural studies

EDL muscle preparations were incubated with fraction SPs of the B. pirajai snake
venom at the doses of 10, 25 or 50ug/ml for 120 min at indirect electrical stimulation.
Following incubation, fragments of the muscle were taken and processed according Costa
et al., in press. The examination of sections and photomicrographs were taken using a
Axiophot Zeiss light microscope. For the ultrastructural analysis, the EDL muscle
preparations (n=2) were incubated with fraction SP; of Bothrops pirajai snake venom at
the dose of 50 pg/ml for 120 min. The tissue was immediately fixed in Karnovskys
fixative (2.5% glutaradehyde, 2% paraformaldehyde, 0.1 M phosphate buffer, pH 7.4) for
12 hr, washed in phosphate buffer, pH 7.2, and postfixed in 1% buffered osmium tetroxide.
Then, samples were dehydrated in ethanol and embedded in Spurr resin. Sections (1.5 pm
thick) were double-stained with toluidine blue for selection of interesting areas , and
ultrathin (silver to light gold) sections were stained with uranyl acetate and lead citrate and
examined on Leo- 906 electron microscope.
Statistical analysis

The significance of any differences observed was determined using Student's t —
test with a P value < 0.05 being considered significant. The results are expressed as media

+ Standard error . £ S.E))
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RESULTS
Effects on Myography
The fraction SP; of a dose of 50 ug/ml (n=5) of Bothrops pirajai snake venom
induced a blockade of the contractile response on indirect electrical stimulation after 120
min. (Fig. 2 A and C). With the dose of 25 ng/ml (n=4), a 50% blockade of the contractile

response was observed at 60 min of experiments (fig. 2 A). No contracture was observed.

CK release by EDL muscle preparation

Incubation of EDL muscle preparation with 10 and 50 ug/ml of toxin SP; induced a
dose-dependent liberation of CK. The dose of 10 pg/ml, did not cause variation in the
amount of CK in the incubation bath at 15, 30, 60 and 90 min (Fig. 3). Incubation with 50
pg/ml dose causes a gradual CK liberation the maximal peak being achieved after 120 min,
(18 476,57 Ulliter/S.EM.) (Fig. 4).
Myotoxic Effects
Light microscopy

Morphological changes of the muscle fibers were detected with the dose of 10
pg/mi after incubation with myotoxin SP; for 120 min. The myonecrotic lesions induced
by this fraction consisted of delta lesions, agglutinated myofibrils forming masses
intermingled with clear spaces and irregularly shaped fibers (Fig. 4A , B). Such changes
affected the peripheral fibers most. A number of fibers looked normal. At a dose of 25
pg/mi there were larger number of affected fibers but the myonecrotic process was more
advanced, as the intertwined threads of clumped myofibrils were thinner resembling a lace
network (Fig. 4C, D). In addition to such type of myonecrotic fibers, there were others
which were densely stained and with large numbers of micro-vacuoles. With the highest

dose (50 ug/ml) the myonecrosis was more severe as large clear areas devoid of myofibrils
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appeared in many fibers. Cross sections of such areas represented ghost profiles of the
fibers (Fig. 4E, F). Darkened cells still showing striation and/or swollen at hypercontracted

areas were also seen.

Electron microscopy
Venom s fraction-treated preparations

Incubated-muscles showed that the fraction SIV-SP; was able to induce remarkable
changes in a number of muscle fibers, but was ineffective or poorly myotoxic to a few
others, which remained normal in app'earance. Figure 5 illustrates such distinct cell
responses upon interaction with the toxin (50ug/ml) at the same incubation period of 120
min. The majority of muscle cells that were affected by the toxin were at abort the same
stage in the necrotic process. The ultrastructural changes were characterized by amorphous
electron opaque masses, immersed in which more or less distingﬁishable myofilaments
were detected depending on the section level of the fiber (Figs. 5B-5C). At this time some
portions along the fiber were severely damaged (Figs. 0A, 6B). Those most affected were
virtually empty celis showing here and there abnormal mitochondria (Fig. 6B), but the
basal lamina was still visible. Sarcoplasmic reticulum disorganization and mitochondrial
pleomorphism (abnormalities of cristae and matrix) ran parallel to sarcomere/myofilament
damage (Fig. 5 A to 6B). Besides the myonecrotic effect, SIV-SP; fraction also proved
able to provoke striking changes at the neuromuscular junctions affecting both pre- and
subsynaptic sites. At 120 min incubation nerve endings ' were' necrotic, being only
recognizable through their location at the synaptic gutter (Figs. 7 A to 8B). Intramuscular
myelinated nerve fibers also appeared necrotic with abnormalities both in the myelin

sheath and axon.
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DISCUSSION

The majority of myotoxins isolated from snake venoms are phospholipases Az
(Harris et al., 1980; Gutiérrez et al., 1984 b). The fraction SIV-8P; isolated from Bothrops
pirajai snake venom is also a basic phospholipase Az - Aspss myotoxin, with molecular
weight of 13.000 daltons (Mancuso ef al., 1995; Toyama et al., 1998 submitted). Despite
its moderate phospholipasic activity, SIV-SP3 fraction has shown highly potent myotoxic
activity in mice gastrocnemius muscle (Toyama ef al., 1998 submitted). Kini and Evans
(1989) analysing the amino acid sequences of some phospholipasic myotoxins concluded
that a variety of myotoxins possesses cationic properties and hydrophobic domains, distinct
from those of catalytic sites. Such characteristics are evident in myotoxins devoid of
phospholipase activity but high myotoxic activity, such as bothropstoxin-I (Homsi-
Brandeburgo et al., 1988) of Bothrops jararacussu venom and myotoxin I of Bothrops
asper venom {(Gutiérrez et al., 1984a).

Besides the in vivo studies, in vifro models have also been utilized for reproducing
and evaluating the biological phenomena that would happen with the muscle in venomous
ophidic bites. In this work, we found that the fraction SP3 of the venom of Bothrops
pirajai presents a potent effect on the muscle fibers and neuromuscular junction. Qur
results demonstrate a dose-dependent blockade of twitch-tension responses under indirect
electrical stimulation, which we repute to arise from neurotoxic and myotoxic effects of the
toxin. Ultrastructural data shows that the sarcolema of the muscle fibers and the axolemma
of the nerve terminals were ruptured. A major task in determining the mechanism (s) by
which toxins express their effects resides in the determination of the interaction site
established between membrane receptors in the tissues and specific groups of the toxin

molecule. In this interaction hydrophobic domains, radical charges and spatial
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conformation of the molecule also may have important roles (Kini and Iwanaga, 1986 a, b,
Dreyer, 1990; Strong, 1990).

The morphological changes caused by PLA;- myotoxin (Asp 49) and PLA,-"like"
(Lys49) ones were characterized by rapid lysis of sarcolemma, hypercontractions and
necrosis. Delta-lesions are consequent to focal lesions of the sarcolemma and progress to a
Q-shaped lesion (Mokri and Engel, 1975). They are observable after 15 min of the
injection of the toxin (Gutiérrez et al., 1984 a, b; 1991).

In the present work the SIV-SP; fraction (10, 25 and 50 pg/ml) produced dose-
dependent numbers of damaged muscle cells. However, regardless the dose, a quite
common state of necrosis was exhibited by the effect ceils after 120 min incubation time, i.
¢., clumping of myofibrils. Cells that in cross section showed vacuolation were the same
that presented closely-clumped myofibrils as observed in longitudinal sections. The
morphological findings (light and electron microscopy) of the muscle exhibit the classical
myonecrotic features being unspecific and independent of the agent. Sarcolemma lesions,
extracellular Ca®" entrance, hypercontraction of myofibrils and mitochondria intoxication
were the common sequence of events leading to cell death.

Evaluation of the myotoxic activity of venoms and toxins, in vivo and in vitro has
been performed through histological analysis associated to biochemical assays measuring
muscle damage. We have demonstrated that fraction SP3 incubated with EDL-preparation
promoted dysfunction of the sarcolemma which lost its ability to maintain CK, the major
protein of the M-line (a region where lateral connections are made between adjacent thick
myofilaments) inside the cells, Creatine kinase catalyses the transfer of a phosphate group
from phosphocreatine, a storage form of high-energy phosphate groups, to ADP, thus
providing the supply of ATP necessary for muscle contraction. When sarcolemma loses its

integrity, as is the case after SP; action, muscle cells were deprived from the contraction-
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promoting fuel and permits to understand the rapid onset of local lesions at the snake bite
site.

Using a dose of 50 ug/ml CK levels in the incubation bath rise dramaticaily to
13.000 U/l at 60 min and 20.000U/1 at 120 min. The findings stress the myotoxic character
of the fraction, and agree with literature on effects of other myotoxins (Gutiérrez ef al.,
1986 a, b; Melo et al.,1993).

In EDL, glycolytic muscle fibers outnumber oxidative ones, but the results do not
permit the identification of which fibers were more sensitive to the toxin.

Our ultrastructural findings suggest that SP; from B. pirgjai also has a potent pre-
synaptic effect. As regards the neurotoxic activity, receptors located at the nerve endings
would recognize the amino acid sequence of 80 - 110 PLA; residues (Kini and Iwanaga,
1986 a, b), promoting a selective inhibition of slow K* channels which would be
responsible for the facilitatory effect, and the influx of Ca*? at the nerve terminals
(Simpson et al., 1993, Dreyer and Penner, 1987). A cascade of events triggered by Ca®"
influx produces hypercontraction, high concentration of cytosolic Ca’", Ca*'-dependent
endogenous PLA2s activation, loss of cell homeostasy and necrosis (Wrogeman and Pena,
1976; Trump et al., 1982, Petronsk et al., 1982).

It has been proposed that myotocity from notexin, crotoxin and taipoxin arises from
the capacity of the venom PLA; to hydrolyse phospholipids of cell membranes (Harris and
MacDonnel, 1981; Hawgood, 1982; Gopalakrishnakone et al., 1984; Harmis and Maltin,
1982). These myotoxins are examples of PLA; myotoxins with presynaptic activity, and
their effects are similar to the effects of SIV-SP; fraction from B. pirgjai.

Our results permit suggest that the fraction SP; acts as a phospholipase Ag-
myotoxin Asp49, with potent neurotoxic activity, the exact mechanism of which is still

obscure.
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LEGENDS FOR FIGURES

Fig. 1-Repurification of SIV-SP3 fraction performed on analytical RP-HPLC. The

repurification was made using a linear gradient of concentration of acetontirile (Buffer B).

Fig. 2- Blockade of contractile response of the mouse EDL skeletal muscle preparations
incubated with fraction SPs of Bothrops pirajai snake venom.

In A, dose-dependent blockade by toxin SP3 of the EDL muscle twitches. Verticals bars
represent the means + S.E. of 3-5 experiments. B, C, and D correspond 1o isometric twitch
tension recorded after indirect electrical stimulation of the EDL muscle preparation incubated
in normal Tyrode (*) and in Tyrode with fraction SP3 (1) with doses of 10, 25 and 50 pg/ml,

respectively. At W, the preparations were washed with Tyrode solution.

Fig. 3-Effect of myotoxin fraction SP; on the release of CK from EDL muscle preparation.

Each column represents the mean + S E. of 3-4 experiments.

Fig. 4-Morphological alterations of indirectly stimulated EDL incubated with fraction SPy for
120 min.

A and B: dose 10 ug/ml. Myoneérosis is mainly restricted to peripheral fibers (arrow), v:
blood vessels. In C and D, some necrotic stages incluind hypercontracted fibers (e); diminute
cells (arrowheads) and vacuolation (arrow). More necrosis was seen in the peripheral fibers.

(*) delta lesions; d = densely contracted myofibrils, moth-eaten in appearance (m). E and F, 50

66



ug/ml SP; myotoxin: observe that the majority of the cells presents advanced myonecrosis
(arrowheads). A and C: Bar= 40pm; B, D, E and F: Bar= 10 um,

Fig. 5- Electronmicrographs of skeletal muscle cells after incubation with 50 pg/mi of SP;
myotoxin

A - Damaged and normal-looking muscle fibers (top and bottom, respectively). Note the
electron-density of the T-tubuies (inset) (16.800 X).

B - Necrotic fiber with a cluster of abnormal mitochondria (flocculent densities (f), swelling
(s), ruptured or collapsed cristae) between hypercontracted sarcomeres and a loose area with
abundant small vesicles (10.200 x).

C - Detail of a muscle cell with myofilament clumping (17.000 X).

Fig. 6- A) Electronmicrograph showing a myonecrotic cell in advanced stage of damage,
densely-clumped fnyoﬁlaments (C) and clusters of degenerated mitochondria (M) and
sacoplasmic reticulum-derived membranes. Note that basal lamina (bl) appears intact but
plasma membrane is interrupted (arrowheads) (7.000 x). In B: muscle cell depleted of

organeiles, except for damaged mitochondria. Segments of interrupted sarcolemma were seen

(10.800 x).

Fig. 7- A and B, electronmicrographs of two neuromuscular junctions (50 pg/mi of SIV-SP3
myotoxin) showing highly deteriorated nerve endings. Schwann cell (S) cytoplasmic tongues
surround the darkened terminal. Junctional folds present , membranous whorls or have

abnormal profiles. Mitochondria matrix of normal density (38.000 x and 28.000 x,

respectively).

67



Fig. 8- Electronmicrographs of a denervated end-plate. A) The remnants of the nerve ending
incompletely fill the synaptic gutter; B) detail of a heavily damaged terminal. A population of
round membrane bound vesicles fills the synaptic cleft. S= Schwann cell; C) myelinated axons
show disorganization of the myelin Sheath and axoplasm (29.800 x, 30.000 x and 9.600 x,

respectively).
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3.3.1-Analise ultraestrutural das lesdes provocadas no musculo
EDL de camundongos sob a¢io do veneno total da serpente
Bothrops pirajai
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3.3, I-Resultados Adicionais

3.3.1-ANALISE ULTRAESTRUTURAL DAS LESOES PROVOCADAS
NO MUSCULO EDL DE CAMUNDONGOS SOB ACAO DO VENENQO
TOTAL DA SERPENTE Bothrops pirajai

Os resultados de microscopia eletrdnica de transmissdo serdo

posteriormente organizados em formato de artigo para publicagio.
1-MATERIAIS E METODOS
1.1 - Animais e Veneno

Foram utilizados camundongos Swiss, machos e {€meas (25-30g),
provenientes do Centro de Bioterismo da UNICAMP. Estes foram mantidos

em gaiolas e tratados com dgua e ragfo ad libitum.

Foi utilizado o veneno total da serpente B. pirajai, gentilmente cedido
pelo Dr. José Roberto Giglio (Faculdade de Medicina/USP, Ribeirdo Preto,
SP, Brasil) e Instituto Butantan (So Paulo, SP, Brasil).

1.2 - Selucio Nutritiva

As preparagdes utilizadas foram incubadas com solugdo nutritiva de
Tyrode, cuja composi¢do em mM ¢: NaCl 137; KC1 2,7; CaCl, 1,8; MgCl,
0,49; NaH,PO; 0,42; NaHCO; 11,9 e glicose 11,1.
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3.3.1-Resultados Adicionais

1.3 - PREPARACAO extensor longo dos dedos (EDL) DE CAMUNDONGO
PROCEDIMENTO

Os animais foram anestesiados com hidrato de cloral 10% com injegao
intraperitoneal, e apos a anestesia ter atingido nivel cirtirgico, foi feita uma
ampla incisdo sobre a face antero-lateral de uma das patas posteriores do
animal e foram expostos os tenddes dos misculos EDL e tibial. Procedeu-se a
sec¢do dos tenddes e a retirada do musculo tibial, com exposigdo total do
musculo EDL. Este foi dissecado, desde sua inser¢do tendinea distal até a
proximal. Durante este procedimento, mantivemos a prepara¢do umedecida
com solugdo de Tyrode. Retirada a preparagdo, o musculo EDL foi montado
em uma cuba contendo 3,5ml de Tyrode e mantido sob aeragdo constante com
carbogénio a 37°C. Antes do inicio do experimento, a preparagdo foi lavada 3
vezes durante 10 min, e em seguida foi adicionada ao banho uma dose de 50
ug/ml de veneno total de B. pirajai. O musculo EDL permaneceu incubado

durante 120 min.

Fig. 1-Fotografia do musculo extensor longo dos dedos (EDL) de camundongo.
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3.3. I-Resultados Adicionais

1.4 - MICROSCOPIA ELETRONICA DE TRANSMISSAO

Terminado o experimento conforme descrito no jtem 1.3, o musculo
EDL foi dividido em fragmentos de aproximadamente 1mm de espessura, que
foram imersos até o dia seguinte em solugdo fixadora de Karnovsky composta
por: glutaraldeido 2,5% ¢ paraformaldeido 2% em tampao cacodilato 0,1M,
pH 74. Apos este periodo, 0s fragmentos foram lavados em tampio
cacodilato 0,1M, pH 7,4, pos-fixados com solugdio de tetroxido de osmio 1%
com ferrocianeto de potassio 0,8% durante 40 minutos em temperatura
ambiente, novamente lavados em tampao cacodilato e imersos em solugdo
aguosa de acetato de uranila 0,5% até o dia seguinte a 4°C. Foram novamente
lavados com agua destilada durante 10 minutos e desidratados em série
crescente de acetona (30%, 50%, 70%, 90%, uma vez de 15 minutos cada ¢
trés vezes de 10 minutos em acetona 100%), embebidos em mistura acetona-
resina spurr na proporgdo 2:1 durante 6 horas, mesma mistura na proporgao
1:1 durante 12 horas, novamente na proporgao 1:2 durante 3 horas ¢

finalmente na resina pura durante 6 horas. A inclusdo foi em resina Spurr € a

polimerizagdo conduzida & 60°C por 48 horas.

Cortes semi-finos de aproximadamente 1 pm de espessura foram
obtidos em ultramicrétomo Leica UCT, em navalhas de vidro e corados em

solugio de Azul de Toluidina 0,5%, com finalidade de definir a area de

interesse.

Os cortes ultrafinos (60 — 70 nm de espessura) foram obtidos com
navalha de diamante, coletados em telas de cobre (200 mesh) e contrastados

com acetato de uranila a 2% durante 20 minutos e citrato de chumbo a 0,5%

durante 5 minutos.
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3.3.1-Resultados Adicionais

As observagdes ¢ documentagdo fotografica foram feitas em
microscopio eletronico de transmissdo Leo 906, do Laboratério de

Microscopia Eletronica do Instituto de Biologia da Unicamp.
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FIGURA 1- ELETROMICROGRAFIA DE EDL CONTROLES: 120
MIN DE INCUBACAO COM SOLUCAO DE TYRODE

A- Secgdo transversal de miofibrilas das fibras musculares do musculo
EDL (my) bem preservadas com mitocéndrias intactas (M) e perfil
regular do reticulo sarcoplasmatico (rs) e do sistema T. C= secgdo de
um capilar: numerosas vesiculas pinocitéticas sdo evidentes (26.000x).

B- Organizagdo normal dos sarcomeros, distribuigio regular dos
miofilamentos nas miofibrilas, cada qual limitada por vesiculas do
reticulo sarcoplasmatico (SR) e mitocondrias (m). As triades estdo

situadas proximo ao limite das bandas A e I (20.700x).
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FIGURA 2- ELETROMICROGRAFIAS DE MUSCULO EDL
INCUBADA COM 50 pg/ml DE VENENO TOTAL DE Bothrops
pirajai - 120 MIN

A e B - Micrografias de células musculares esqueléticas em estagios de
necrose, mais € menos avangado, respectivamente. Em A, miofibrilas
distorcidas destituidas do arranjo tipico da organizagao do sarcomero,
permitindo a visdo do curso sinuoso dos miofilamentos; agrupamentos
de vesiculas (v) resultantes da desorganizagdo do reticulo
sarcoplasmatico; as ftriades estdo indistinguiveis. Mitocondrias
tumefeitas (m) com cristas anormais (15.600x). Em B, condensamento
dos miofilamentos, dando lugar a areas "vazias" (e) dentro da fibra.
Mitocondrias heterogéneas quanto ao tamanho, eletrondensidade €

disposi¢do das cristas, algumas estdo rompidas(setas) (12.000x).






FIGURA 3- DETALHES DE ALTERACOES MUSCULARES
PROVOCADAS PELO VENENO TOTAL DE Bothrops pirajai

(50 pg/ml)

Eletronmicrografias mostrando que ap6s 120 min de contato com 50 pg/ml
do veneno de Bothrops pirajai, diferentes células musculares do EDL
respondem diferentemente a toxicidade do veneno. Em A ¢ B, fibras
resistentes ao veneno sendo afetadas as mitocondrias. Tibulos T (setas)
estio sem alteragdes, no entanto, o reticulo sarcoplasmatico apresenta
variados graus de dilatagdo. Em C e D, fibras mais susceptiveis ao veneno
mostrando marcantes alteragdes. Ruptura do sarcolema (cabega de seta),
alteragdes nas cristas ¢ matriz das mitocondrias, miofilamentos formando
estruturas tortuosas (*), extensa area com restos de membrana provenientes
do reticulo sarcoplasmatico e tibulos T (seta) (11.000, 30.000, 6.000 e

4 .500x, respectivamente).






FIGURA 4- ELETRONMICROGRAFIAS DE LESOES DOS FEIXES

INTRAMUSCULARES DE NERVOS DO MUSCULO EDL (50 pg/ml
DE VENENO TOTAL-120MIN)

Em A, feixe intramuscular de axdnios no EDL apresentando degeneragao
de muitas fibras nervosas, em algumas o axoplasma estd retraido e as
mitocoéndrias estio anormais, e/ou as lamelas de mielina formam algas
redundantes (axonios 1 e 2). As células de Schwann (S) também estdo
afetadas. A esquerda, uma célula muscular com o sarcolema descontinuo e
mitocondrias tumefeitas (9.300x). B- Um axonio pré-terminal em
degeneragdo mostrando no axoplasma material com textura finamente
granulosa, mitocondrias com densidades floculentas (setas) e bainha de
mielina aparentemente normal (ml). Observe a descontinuidade do

perineuro (setas abertas). As células musculares parecem estar normais

(9.300x).






FIGURA 5- ELETROMICROGRAFIA DE UMA JUNCAO
NEUROMUSCULAR DO MUSCULO EDL - CONTROLE

Secgdo tranversal de 2 terminais nervosos normais. Observar a distribuicdo
das vesiculas sinapticas, mitocondrias e dobras juncionais, todos normais €

bem preservados (12.000x).






FIGURA 6- ELETRONMICROGRAFIAS DE PLACAS TERMINAIS
DO MUSCULO EDL INCUBADOS COM 50 pg/ml -120 min

A- Eletromicrografias de uma placa terminal desnervada (1, 2 e 3).
Escassez de sarcoplasma abaixo das dobras juncionais. As vesiculas
sinapticas estdo depletadas, mitocondrias (m) estdo anormais ( 9.600x). Em
B, outra visdo de uma jung¢do neuromuscular incluindo célula de Schwann
(S), dois terminais motores (TM) e componentes subsinapticos.
Mitocondrias "inchadas" ocupam todo o terminal (9.600x). Em C, um
terminal nervoso apresentando anormalidades no numero € distribuigdo
das vesiculas sinapticas e agrupamento mitocondrias. O axolema esta mal
definido (cabega de seta). Extensa fusdo das dobras juncionais (*)

(34.000x).






FIGURA 7- DETALHES DA PLACA TERMINAL APOS

INCUBACAO COM 50 pg/ml DO VENENO TOTAL DE Bothrops

pirajai DURANTE 120 MIN

Jungdo neuromuscular apresentando alteragdes morfologicas em
todos os seus componentes. Observe que a célula de Schwann (S)

esta envolvendo o terminal nervoso (43.400x).

Terminal nervoso destruido, com estruturas pos-sinapticas muito
afetadas. Porcoes da célula de Schwann justapdem-se aos restos do

terminal (26.700x).

Ampliagdo de parte de uma jungdo neuromuscular focalizando a

fusdo de duas ou mais dobras juncionais (seta) (58.000x).






FIGURA 8-ELETROMICROGRAFIAS DE PLACAS TERMINAIS

DEGENERADAS INCUBADAS COM 50 pg/ml DE VENENO
TOTAL DE B. pirajai - 120 MIN

A- Terminal nervoso necrotico apresentando algumas vesiculas sinapticas
agrupadas (v), as mitocondrias estdo tumefeitas. (*): célula de Schwann
envolvendo o terminal e impedindo o contato com a regido pos-
sinaptica. As dobras juncionais apresentam-se fundidas (seta). A célula
muscular ndo mostra alteragdes nas miofibrilas (M) e mitocondrias
(24.000x).

B- Visio de um terminal nervoso com axoplasma eletrolucente, algumas
mitocondrias tumefeitas estdo presentes e axolema descontinuo. S:
célula de Schwann. Na regido subsinaptica, as mitocondrias estdo muito
edematosas (M), com alteragdo nas cristas e matriz. Nucleo da placa

terminal (NP) (12.000x).
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3.3.2-Analise da atividade da fracio miotoxica Piratoxina-I na
preparac¢io nervo-frénico diafragma de camundongos
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3.3.2-Resultados Adicionais

3.3.2- ANALISE DA ATIVIDADE DA FRACAO MIOTOXICA
PIRATOXINA-I (PRTX-I) EM PREPARACOES
NEUROMUSCULARES DE CAMUNDONGO

A metodologia utilizada para o estudo das atividades neurotoxica e
miotdxica desta toxina foi a mesma descrita em COSTA er al., 1998 (in
press), entretanto a PrTX-I ndo apresentou atividade na resposta contratil da
preparagdo do musculo extensor longo dos dedos (EDL), nem tampouco
sinais de mionecrose. Estes resultados foram contrarios aos verificados por
MANCUSO et al., 1995 quanto a atividade miotoxica in vivo desta fragdo
quando injetada no musculo gastrocnémio de camundongos, quer sob o
aspectos histolégico (mionecrose) como enzimatico (liberagdo da enzima

creatinoquinase medida no plasma dos animais).

Visto que existem variagdes entre as preparagdes neuromusculares
quanto a composigdo dos tipos de fibras musculares e tipo de inervagado,
resolvemos verificar se esta miotoxina apresentaria agao na resposta contratil
da preparagio nervo-frénico diafragma de camundongo, largamente utilizada

no estudo dos efeitos dos venenos e suas toxinas na jungdo neuromuscular.
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3.3.2-Resultados Adicionais

1 - MATERIAIS E METODOS
1.1 - Animais

Foram utilizados camundongos Swiss, machos e fémeas ( 25-30g ),
provenientes do Centro de Bioterismo da UNICAMP. Estes foram mantidos

em gaiolas e tratados com agua e racao ad libitum.
1.2 - Toxina

A fragdo miotoxica PrTX-I for purificada do veneno da serpente

Bothrops pirajai, como descrito por TOYAMA ef al, 1995.
1.3 - Solucdo Nutritiva

As preparagdes utilizadas foram incubadas com solugdo nutritiva de
Tyrode, cuja composi¢gdo em mM ¢: NaCl 137; KCI 2,7, CaCl, 1,8; MgCl,
0,49; NaH,PO, 0,42; NaHCO; 11,9 e glicose 11,1.

1.4 - Preparacao Nervo Frénico-Diafragma (NFD)

Apoés anestesia com éter etilico, os camundongos foram sacrificados
pela secgdo e sangria dos vasos cervicais. A preparag¢ao (musculo diafragma,
juntamente com seu nervo motor, nervo-frénico) foi cuidadosamente retirada
(BULBRING, 1946), colocada em cuba contendo 5 ml da solugdo nutritiva de
Tyrode. O musculo diafragma foi preso, através dos musculos da costela, por
dois ganchos existentes na base da cuba, mantida a aeragdo constante com
carbogénio (mistura de 95% O, e 5% CO,) a 37°C. O registro da forga de
contragdo muscular, em resposta a estimulos elétricos supramaximais, foi
realizado através de transdutor isométrico Load Cell BG-10 GM, acoplado a

um fisiografo Gould Universal Amplifier Model RS 3400.
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3.3.2-Resultados Adicionais

O musculo foi submetido a tensdo constante de 5 g/cm (por meio de um
fio preso a porg¢do tendinosa e ao transdutor isométrico) e a estimulagdo
elétrica indireta através de pulsos supramaximais gerados por estimulador
S48F (GRASS Instruments), de 0,2 ms de duragfio e 0,1 Hz de freqiiéncia.
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Fig 2- Tlustracdo dos equipamentos utilizados: A, fisiégrafo Gould
RS 3400; B, estimulares S48F (GRASS); C, banho-maria.

Antes do inicio do experimento, a preparagdo foi lavada por um periodo
de 20 minutos, com intervalos de 10 minutos cada. ApoOs este periodo, foi
adicionada ao banho a fragdo PrTX-I nas concentragdes de 5, 10 ¢ 20 ug/ml.
Cada experimento teve duragdo de 120 min ou até o bloqueio total da resposta

muscular. Os experimentos controle foram incubados com solucdo de Tyrode.
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1.5 - Microscopia Fotonica

Os musculos diafragma que foram incubados com a toxina conforme o
item 1.4 foram em seguida, fixados por imersdo, em solugdo fixadora de
Bouin durante 24h. Posteriormente, foram desidratados em solugdes
crescentes de etanol ( etanol 70%, 95%, uma vez de 30 minutos cada ¢ duas
vezes de 30 minutos em etanol 100%), embebidos em mistura de etanol-
historesina na propor¢do 1:1 durante duas horas, historesina pura durante a
noite a 4°C, e incluidos com Historesina JB-4 (LKB-Bromma, Suécia). A
polimeriza¢ao foi em dissecador a vacuo durante 12 horas, a 4°C. Foram
obtidas sec¢oes de 2-3um de espessura, em microtomo MTI (Sorval)
coletados em laminas histologicas e coradas com azul de toluidina 0,5% para
observagdo ao microscopio fotonico Axiophot Zeiss. Foram feitas

fotomicrografias em cores com filme Ektra Plus-Multi Speed/Kodak.
2 - RESULTADOS
2.1- Estudo Miografico

Foram ensaiadas doses de 5, 10 e 20 pug/ml, sendo que a primeira
produziu um reduzido bloqueio da resposta contratil (cerca de 25%) ao final
de 120 min (n=3). Com a dose de 20 ug/ml (n=3) observou-se contratura
seguida por bloqueio em todos os experimentos (Fig. 3D), sendo que o tempo

para bloqueio de 50% foi de aproximadamente 25 min (Fig 3A).

2.2- Estudo Histopatoléogico

Em sec¢do longitudinal o musculo diafragma incubado com solugao

nutritiva de Tyrode durante 120 min (controle) ndo mostrou alteragdes. A

preparagdo incubada com 5 pg/ml da fragdo miotdxica PrTX-I revelou
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mionecrose leve, sendo que a grande maioria das fibras musculares
permaneceram intactas (Fig 4A). Ja com as doses de 10 (Fig. 4B) e 20 pg/ml
(Fig. 4C) foi observada intensa mionecrose, com lesdes do tipo "delta",
regides de hipercontagdo e condensagdo das miofibrilas alternando-se com
espagos vazios no citoplasma, e regides de lise com desorganizagao do
material intracelular. Este tipo de mionecrose ¢ classificado como tipo

miolitico (OWNBY & COLBERG, 1988).
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FIGURA 3 - BLOQUEIO DA RESPOSTA CONTRATIL DE
PREPARACOES DE MUSCULO DIAFRAGMA DE CAMUNDONGOS
INCUBADOS COM A MIOTOXINA PrTx-1 DO VENENO DE B.

PIRAJAL

Em A, bloqueio dose-dependente das contragdes musculares provocados pela
PrTX-l. As barras verticais representam a média + o erro padrdo dos
experimentos (n=3). B, C, e D correspondem ao registro isométrico das
contragdes musculares da preparagdo nervo frénico-diafragma incubado com as

doses de 5, 10 e 20 pug/ml, respectivamente. W= lavagem da preparagdo.
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FIGURA 4 - FOTOMICROGRAFIAS DA PREPARACAO NFD
INCUBADA COM A MIOTOXINA PrTX-1/120 MIN.

A, B e C, secgdes longitudinais de misculo diafragma nas doses de 5, 10 e
20 pg/ml, respectivamente. Observe que a lesdo muscular é dose-dependente.
Com a dose de 5 pg/ml, as fibras musculares embora apresentem aparéncia
cérea, ndo apresentam sinais de desestruturagao; h= areas de hipercontragao
(A). Em B, regides de hipercontragdo (h) ao lado de areas destituidas de
material miofibrilar (*). A dose de 20 pg/ml causou mionecrose extensa

observando-se um aspecto “rendado” devido a hipercontragao das miofibrilas

(C). 225 x
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Discussiio Geral

Nossos resultados revelaram que o veneno total da serpente Bothrops
pirajai produz  alteragdes da musculatura esquelética demonstradas por
métodos fisiologicos, bioquimicos, histoldégicos ¢ ultraestruturais. Esta
serpente apresenta pontos em comwn com a serpente B. jararacussu, no que
diz respeito as caracteristicas fenotipicas (AMARAL, 1926) e aos
componentes do veneno (MANCUSO ef al., 1995). Ao compararmos nossos
resultados com os de FRANCO et al. (1997) com o veneno de jararacussu,
notamos que estes venenos tém capacidade de induzir mionecrose e bloquear
a resposta contratil do muasculo EDL sob estimulagdo elétrica indireta. Esta
comparagdo foi possivel, porque para ambos os venenos for utilizada a mesma
dose (50 ug/ml) em preparagdes de EDL in vitro, € o mesmo periodo de 120

min.

A analise morfolégica do miisculo EDL incubado com o veneno total
de B. pirgjai demonstrou que o mesmo produz um severo quadro de
mionecrose. As lesdes no musculo foram dose-dependentes, quanto ao
nimero de fibras afetadas, ¢ a intensidade qualitativa das alteragbes. O
bloqueio da resposta contratil também foi dose-dependente. Nos ensaios
bioquimicos ficou evidente que o veneno foi capaz de elevar os niveis de
creatinoquinase (CQ) no banho, mesmo na menor dose (10 pg), o que indica o
alto potencial lesivo do veneno mesmo. Os achados miograficos,
morfologicos e enzimaticos, portanto, mostraram direta correlagéo entre si, ¢
demonstram a grande sensibilidade do masculo EDL aos efeitos miotoxicos

do veneno.

O musculo EDL de camundongos ¢ de contragfio rapida, e a maioria de
suas fibras sdo do tipo glicoliticas (ELLISMAN e/ al., 1976; TAKEKURA ef
al., 1994). Essas fibras, também denominadas brancas, tém baixo contetido de

mioglobina e pequeno nimero de mitocdndrias. Contraem-se rapidamente,

100




Discussio Geral

mas ndo suportam esforgo pesado e continuo. A energia para sua atividade ¢
derivada de glicolise anaerdbica. As fibras de contragdo rapida possuem
densidade maior de canais de Na+ nas jungdes neuromusculares (RUFF, 1992;
MILTON & BEHFOROUZ, 1995), a qual ¢ determinada pelo tipo de

inervagdo.

As alteragdes ultraestruturais induzidas pelo veneno de B. piragjai
assemelham-se aquelas causadas pelo veneno de B. jararacussu (SANTO
NETO, 1987). Ambos determinam desorganizagdo das miofibrilas,
intumescimento das mitocondrias, do reticulo sarcoplasmatico, hipercontragéo

das miofibrilas, lesdes nos vasos € terminais nervosos.

Em micrografias eletr6nicas comprovamos que as alteragdes podem
iniciar-se com ruptura do sarcolema, seguindo-se desorganizagdo das
miofibrilas, hipercontragio e necrose celular. Ao final de 120 min as
alteragOes sdo extensas atingindo as cristas ¢ matriz das mitocOndrias, com
alteragdes de sua forma e ruptura das mesmas. Além disso, houve
desorganizagdo do reticulo sarcoplasmatico ¢ dos tubulos T, que se
apresentaram como intumeras vesiculas distribuidas no sarcoplasma. As fibras
nervosas mielinicas mostraram alteragdes no axonio e¢ na mielina, que
formava algas redundantes, e houve também severas alteragbes mitocondriais.
Os terminais nervosos foram total ou parcialmente destruidos, mostrando-se
depletados de wvesiculas sinapticas ¢ com mitocOndrias profundamente
alteradas. A par com isso houve alteragdes nas células de Schwann, que, ao
invés de permanecerem como cobertura do terminal pré-sinaptico, emitiam
prolongamentos que envolviam o terminal semi destruido, ou ocupavam a

goteira sinaptica.

Esses resultados mostram que o veneno além, de miotoxico, também

age no terminal nervoso da jungdo neuromuscular. Estudos eletrofisiologicos
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com doses menores do veneno, permitirdo confirmar as caracteristicas de
neurotoxicidade do veneno poderdo ajudar a esclarecer suas agdes pré e/ou

pos-sinaptica.

Venenos ofidicos sdo misturas complexas de varios principios ativos
que podeim ter agdes especificas. Para investigar 0s componentes responsaveis
pelas lesdes musculares estudamos duas fragdes, as miotoxinas Piratoxina-I

(PrTX-I) e Piratoxina —I1I (PrTX-HI).

A Piratoxina-I (PrTX-I) é uma miotoxina recentemente tsolada do
veneno de B. pirajai. Corresponde a 47,3% da quantidade total de proteinas
(MANCUSO et al., 1995), nfo tem atividade fosfolipasica (testada em
lecitina da gema de ovo), sendo caracterizada com uma enzima PLA,-Lys49

(PLA,-“like™) , ou seja uma enzima PLA; homologa as PLA,-Asp49.

A outra fracdo isolada do veneno de B. pirgjai € a PrTx-lll. Esta
demonstrou moderadas atividades fosfolipasica ¢ anticoagulante e potente
atividade miotéxica (TOYAMA et al ., 1998). Os autores verificaram que esta
fragdo ¢ idéntica a fragdo SIV-SP; isolada por MANCUSO ef al. (1995) os
quais verificaram que a mesma representa 18,8% do peso total de proteinas do

VENEno.

Estudos com PrTX-I na preparagdo EDL, mostraram que aquela,
diferentemente do que foi observado com o veneno bruto, ndo alterou a
resposta contratil do EDL e nem produziu alterages histologicas nas fibras
musculares. Estes resultados sugeriram que a PrTX-I ndo teria atividade
miotoxica in vitro. Contudo na preparagio nervo frénico-diafragma (NFD) a
PrTx-I, nas doses de 5, 10 e 20 ug/ml causou necrose celular dose-
dependente. Na maior dose houve destruicdo das fibras musculares,

desorganizagdo total dos sarcomeros em decorréncia de hipercontragdo das
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miofibrilas, que levou a aglutinagdo das mesmas e foi responsavel pelo
aspecto “rendado” que as fibras necréticas exibiam. Estes resultados foram
corroborados pelo estudo miogréﬁco, ou seja, houve bloqueio total da
resposta contratil com a dose de 20 pg/ml, e quase total com a de 10 pg/ml.
Por outro lado, ao estudar a resposta contratil (miografia) do diafragma, com
o veneno bruto, vertficamos que a preparacdo NFD era bem menos sensivel

ao veneno total da B. pirajai que a fragdo PrTX-1.

Portanto, a preparacio EDL mostrou ser quatro vezes mais sensivel ao
veneno total em relagdo & preparagdo NFD. O contrario ocorreu com a
miotoxina PrTX-1 que ndo apresentou atividade na preparagdo EDL e, no
entanto, demonstrou alta atividade miotoxica na preparacdo NFD. O musculo
diafragma é um masculo misto, com 60 % de fibras vermelhas de contragdo
lenta, 20 % de fibras brancas de contragido rapida e 20 % de fibras do tipo
intermedidrio. Segundo PADIKULA & GAUTHIER (1970) e MACARDLE
& ALBUQUERQUE (1973), o diafragma tem alta capacidade oxidativa.

As fibras oxidativas tem alto contelido de mioglobina, pigmentos que
lhe ddo a cor vermelha. Contraem-se lentamente, e sdo capazes de manter
atividade continua e vigorosa ndo se exaurindo com facilidade. A energia para
a contragio dessas fibras deriva da fosforilagdo oxidativa e, por isso possuem
grande quantidade de mitocondrias. Os resultados do presente trabalho,
obtidos com o veneno total e com a PrTX-I, nas prepara¢gdes EDL e NFD,
mostraram diferentes sensibilidades destas & agfio dessas substincias. E
possivel que essas diferengas devam-se as caracteristicas bioquimicas e

fisiologicas dos diferentes tipos de fibras musculares.

ALBUQUERQUE & THESLEFF (1968) ¢ WOOD & SLATER (1995)
observaram que o EDL e o Soleus de rato exibem sensibilidades diferentes a
acetilcolina exdgena, ¢ que esta diferenca desaparece apos desnervagio. Alids,
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como ja comentado anteriormente, o tipo de fibra muscular é determinado
pelo tipo de inervagdo. CURRAN & PARRY (1975), GERTLER &
ROBBINS (1978) ¢ FLORENDOQ et af., (1983) observaram que as fibras
musculares do EDL apresentam freqii€ncia maior de potenciais de placa
terminal em mintatura {(mepps) do que as do sodleo. Esses resultados foram
confirmados por WAERHAUG & LOMO (1994), que também relataram que
o tipo de motoneurénio e ndo a fibra muscular é que determina o carater
rapido ou lento da jung¢do neuromuscular. Por outro lado, NAGAOKA ef al.,
(1994) relataram que o EDL mostra maior mobilizagdo de Na" para o meio
mtracelular do que o séleo. De acordo com JACKSON (1993), MCARDLE et
al., (1992) e MCARDLE & JACKSON (1994) esta condig¢@o pode propiciar a
susceptibilidade do musculo a agentes toxicos e facilitaria lesdes musculares.
O aumento na concentragio de Na~ intracelular leva 3 interrupgdo das trocas
entre Na* intracelular e Ca®* intracelular. Dessa forma os niveis citossolicos
de Ca** ultrapassam os niveis 6timos de funcionalidade, ativando proteases
célcio-dependeﬁtes, que destruiriam a célula (WROGEMAN & PENA, 1978).
MELQO & OWNBY (1996), demonstraram que o musculo EDL (contracio
rapida) e o musculo Soleus (contragdo lenta) apresentaram diferencas quanto
a sensibilidade a alguns venenos e miotoxinas comprovadas através da

liberagdo da enzima CK e alteragdes morfologicas.

Nossos resultados mostraram alta sensibilidade do EDL ao veneno
bruto e baixa a PrTX-I, e por outro lado, alta sensibilidade do diafragma a
PrTX-I e baixa ao veneno total. Estes resultados sugerem que ha diferentes
mecanismos causadores de mionecrose em fungdo da interagdo
veneno/toxina/tipo de musculo. Especulagdes sobre a maior permeabilidade
ao fon Na' das fibras glicoliticas, ou a susceptibilidade das mitocOndrias,
abundantes nas fibras oxidativas, serem fatores envolvidos nesses

mecanismos podem ser colocadas. Musculos com capacidade oxidativa ¢ os
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com capacidades mista (oxidativa e glicolitica) parecem ser mais susceptiveis
a lesdes causadas pelas miotoxinas com estrutura de PLA, do que os
musculos glicoliticos (HARRIS et al., 1975; HARRIS & JOHNSON, 1978,
HARRIS, 1985).

Outra fragdo do veneno de B. pirgjai estudada no presente projeto, a
PrTX-IH, foi isolada primeiramente por MANCUSO ef al. (1995), ¢ mais
recentemente por TOYAMA ef al. (1998) utilizando o método de HPLC. Essa
fragdo fo1 testada em preparagdo EDL, e a avaliagdo dos seus efeitos foi
realizada através da medida de CQ no banho de incubagdo, analise miografica

¢ analise morfologica a microscopia optica e eletronica de transmisso.

Os resultados obtidos com a PrTX-III revelaram que esta foi capaz de
bloquear a resposta muscular sob estimulo elétrico indireto da preparagdo

EDL, nas mesmas condi¢des utilizadas com o veneno total.

Paralelamente, testamos esta fracdo isolada por TOYAMA ef al,
(1998) em HPLC, no musculo gastrocnémio de camundongo na dose de 1.3
ug/g (3h), intra-muscular (1.m.). Os resultados mostraram que a fracdo possui

potente atividade miotoxica.

Nossos resultados dos experimentos in vitro sugerem que esta fragdo
poderia ser incluida na classificagdo das fosfolipases A; com atividade
neurotéxica pré-sinaptica. Esta hipdtese necessita ser confirmada através de
estudos eletrofisiologicos, com doses mais baixas da fragdo, no sentido de
verificarmos se ha ligagdo desta toxina com os receptores presentes na regio
pré-singptica da jungdo neuromuscular. Se os resultados forem positivos, a
fragdo Piratoxina-III (PrTX-III) poderda ser incluida dentro da classe das
miotoxinas PLA;-Asp49, com atividade neurotdxica. S8Ho consideradas

miotoxinas com atividade neurotoxica a fragdo PLA; do veneno de B.
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insularis (COGO et al., 1998), a miotoxina PLA; do veneno de B. asper
(ARROYO & GUTIERREZ, 1981) e a botropstoxina-I (BThTX-I), uma
PLA;-Lys49 do veneno de B. jararacussu (RODRIGUES-SIMIONI et al.,
1983; HOMSI-BRADENBURGO ef al., 1988), dentre os venenos botropicos.

As alteragdes ultraestruturais provocadas pela frago PrTX-III no

musculo EDL foram também semelhantes as causadas pelo veneno total de B.

pirajai.

A parcial caracterizaco dos efeitos do veneno da serpente B. pirajai
nos trouxe relevantes informagdes quanto ao efeito deste veneno e suas
fragdes miotoxicas na musculatura esquelética e nos componentes da jungio
neuromuscular. Estudos futuros sdo necessarios, na tentativa de investigar
mais detalhadamente os efeitos miotéxicos e neurotéxicos observados no

presente estudo.
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Conclusies

v

v

O veneno total de Bothrops pirajai possui potente atividade miotdxica,
demonstrada por bloqueio dose-dependente da resposta contratil do
musculo EDL, alteragdes morfologicas culminando em mionecrose; €

elevada liberagdo da enzima creatinoquinase (CQ).

As alteragdes ultraestruturais causadas pelo veneno total de Bothrops
pirajai indicam a presenga de toxinas que agem no terminal nervoso e no

musculo esquelético.

As preparagdes neuromusculares nervo frénico-diafragma (NFD) e
extensor longo dos dedos (EDL) apresentaram diferencas de sensibilidade,
frente ao veneno total de Bothrops pirajai e a miotoxina PrTX-I,
possivelmente devido as diferengas de composigdo das fibras musculares

nestes musculos.

A fragio miotéxica PrTX-III do veneno de B. pirgjai causou bloqueio
neuromuscular dose-dependente na preparagdo EDL, provocando severas
alteragdes morfologicas e ultraestruturais pré- e pos-sinapticas nos
terminais nervosos motores ¢ nas fibras musculares, e com liberagio de
CQ no banho. Esta fragio, portanto, possui potentes atividades neurotoxica

e miotoxica.

As miotoxinas Piratoxina -1 e Piratoxina-III sdo, muito provavelmente, os
componentes responsaveis pela potente atividade miotoxica do veneno de

B. piragjai.
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Abstract

Several reasons can be cited which motivate the study of natural substances such as
the characterization of the active principles and its biological effects. Among them, the
ophidic venoms stand out because it is common the occurrence of accidental
envenomation after snake bites in tropical countries. In Brazil, ophidic accidents account
for a major part in the context of Public Health were the genus Bothrops is responsable for
about 90% of them. Myonecrosis is one of the local effects whose rapid onset is difficult to
control and deserves special attention in the treatment approaches after envenomation.
Myonecrosis is triggred by myotoxic proteins specifically acting in muscle fibers at the
bite site. Due to the scarcity of studies about the biological actions of Bothrops pirajai ("
jararacussu of Bahia") snake venom, a rare and exclusive specimen living in Bahia and
northeastrn of Minas Gerais, the present work was proposed viewing to investigate
miotoxic and neurotoxic activities of crude venom and its fractions Piratoxin-1 (PrTX-I)
and Piratoxin-III (PrTX-II). The studies were performed in mice isolaied muscle
preparations of the extensor digitorum longus (EDL) and phrenic nerve-diaphragm (PND)
muscles through myographic, histological and ultrastructural analysis and determination of
creatinokinase (CK) in the incubation bath. The venom and the fraction PrTX-1I (10, 25
and 50 mg/mi) caused a dose-dependent twitch-tension blockade of the EDL muscle fibers,
histological and ultrastructural changes of muscle cells and nerve endings culminating in
complete necrosis of both and increased CK release in the bath. PrTX-I caused a dose-
dependent blockade (5, 10 and 20 mg/ml) of the twitch tension in PND muscle fibers and
severe myonecrosis. However, PrTX-I did not affect muscle fibers nor caused alterations
on the twitch tension responses in EDL. These differences could be accounted for a distinct
sensitivity of EDL and PND muscle fibers to the venom and PrTX-I possibly related to the
amount of slow- and fast-contracting fibers present in each one. Our results suggest that
PriX-1 and PrTX-III of B. pirajai venom would be the components accounting for the
myotoxic activity of venom despite a distinct mechanism of action could be implied.
Additionally, these preliminary results suggest a potent neurotoxic activity, also observed

with the whole venom.
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Este trabalho foi submetido para publicagdo no periddico Journal of
Protein Chemistry, ¢ embora ndo integrante do projeto de tese, foi
desenvolvido durante esse periodo, € oferece informagdes sobre a estrutura da
miotoxina PrTx-II e seu efeito no masculo esquelético in vivo, o que amplia

os conhecimentos acerca do veneno como um todo.
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ABSTRACT

MP-ill 4R PLA; was purified from the venom of Bothrops pirajai venom
(Bahia’s jararacussu) after three chromatographic steps, which started with RP-
HPLC.

The complete amino acid sequence of MP-lIl 4R PLAz from Bothrops
pirajai was determined by amino acid sequence of reduced and
carboxymethylated MP-IIl 4R and the isolated peptides from clostripain and
protease V8 digest.

MP-Ill 4R is a D49 PLA, with 121 amino acid residues with moiecular
weight estimated at 13800, 14 half cysteines. This protein showed moderate
PLA2 and anticoagulant activity. This PLAZ hasn't high homology degree with
other bothropic PLAz-ike myotoxin (~75%) and non-bothropic myotoxins
(~60%).

MP-lll 4R is a new PLA2, which was isolated by using exclusively
analytical and preparative HPLC methods. Based on the N-terminal sequence
and biological activities, MP-IIl 4R was identified as similar to piratoxin-ill (PrTX-
I} which were isolated by conventional chromatography based on molecular
exclusion, ion exchange chromatography.

Clinical manifestations indicate that at the site of injection of toxin, there
may be pain of variable intensity because the animals remain licking the limb.
No clinicai sign indicating general toxicity was noticed.

Myotoxicity was observed in gastrocnemius muscle cells after exposure
to MP-I11 4R, with high frequency (70%) of affected muscie fibers.

Key words: Bothrops pirajai, D49 PLAz, anticoaguiant PLAz, amino acid
sequence, PrTX-ll, MP-lli 4R.
INTRODUCTION

The genus Bothrops comprises several species which are jargely
distributed from South to North America (Hoge and Romano —Hoge, 1978/79).
Among the bicactive proteins from Bothrops venoms, the phospholipase Az
(PLA;, E.C. 3.1.14) and PLA-like myotoxin are outstanding as its major
component.  Phospholipase Ags are calcium-dependent enzymes which
hydrolyze the 2 ester bonds of 1,2 diacyl-3sn phosphoglycerides (Chang ef al.,
1994, Shimohigachi et al., 1995, Ogawa, et al., 1896).



They are found in most tissues, mainly in pancreatic juice of mammals
and venom of snakes and insects. PLA, enzymes are classified onto four
groups {I, Il, il and 1V), according to their extraceilular or intracellular origin,
their primary structure and disulfide bonding (Denis et al., 1994).

Snake venom PLA.s are usually distributed into two major groups: |
(Elapidae and Hydrophidae) and Il (Crotalidae and Viperidae). Group |l
comprises the catalytic active D49 and the inactive or little active K49 PLA:
(Selistre de Aratjo, et al., 1996). In addition to the catalytic, the PLA>s may
show neurotoxic, myotoxic, pro- or anti-platelet aggregation, hemoiytic,
anticoagulant, cardiotoxic and edematogenic activities (Kini and Evans, 1989,
Arni and Ward, 1996). |

The myotoxic PLAzs are responsible for the intense MyonNecrosis
produced by the Bothropic venoms. Some cf them have anticoagulant and or
edematogenic activity (Mancuso et al., 1985; Soares et al., 1998). Besides the
muscle cells, other cells as macrophages, fibrobiasts and neurcns are
apparently additional in vitro targets of these toxins (Gutiérrez and Lomonte,
1995). The specific receptors on the plasma membrane of the muscies are
unknown (Gutiérrez and Lomonte, 1995; Fletcher et al., 1996).

In this paper we described the procedure of MP-HII 4R purification from
Bothrops pirajai snake venom, which started with RP-HPLC on preparative p-
Bondapack C18 column, followed by cation ion exchange HPLC and the last
repurification step on the analytical RP-HPLC. In the previous paper (Mancuso
ef al., 1995) described the purification and the partial characterization of PrTX-
il by conventionat method as molecular exclusion and cation ion exchange
chromatography. MPIII-4R was isolated from the Bothrops pirajai venom by
using exclusively the HPLC methed and it is showed that the fraction is the
same PrTX-1ll, previously described by Giglio’s group. MPUI-4R is one of the
few examples of bothropic PLA; that has three different kinds of biological
activities as a moderate anticoagulant and PLA; and high myotoxic activities.
Besides this work presents the complete amino acid sequence of this new PLA;
and establishes correlation between its structure and biolegical activities, PLAg,
anticoagulant and myotoxic. The examination of pathological changes induced

in mice skeletal muscle cells was performed in vivo.



Material and Methods

Venom, Chemicals and Reagents
Bothrops pirajai snake venom was a gift from CEPLAC, CEPEC
(Ministery of Agriculture, ltabuna, Bahia, Brazil). All chemicals and reagents

used in this work were of analytical or sequence grade.

Reverse Phase HPLC

Purification of BP-Ill was made according method described by Toyama
et al., (1995). Twenty mg of the desiccated whole venom were dissolved with
750 ul of 0.1% (v / v} trifluoroacetic acid (Solvent A). The resulting solution was
clarified by centrifugation and the supernatant was applied on top of a 0.78 cm x
30 cm p-Bondapack C-18 column (Waters 991-PDA system). Elution of peaks
were proceeded with a linear gradient from zero to 66.5% (v / v) Acetonitrile
(Solvent B) in 0.1% (v / v) trifluoroacetic acid, at a flow rate of 2.0 mt / min.
Absorbances were monitored at 280 nm. Fractions were collected, lyophilized
and stored at -20° C.

lon exchange HPLC chromatography

BP-il| fraction was dissolved in 250ul of 0.05M Ammonium bicarbonate,
pH 7.8 (Buffer A). After homogenization, MP-lll solution was clarified by
centrifugation at 10.000 rpm by 3 min. The supernatant was applied on Protein
Pack SP 5PW, 0.78 X 7.0 cm. The elution of samples was performed using a
linear gradient of concentration frorﬁ 0.05M to 1.0 M Ammonium bicarbonate.

The chromatographic run was monitored at 280 nm and constant elution
flow of 2.0 ml/min.

Measurement of PLA; activity

The PLA, measurement was made foliowing to method described by Cho
and Kézdy, (1991) and Holzer and Mackessy (1996). In our experiments we
used a PLA, solution at 1.0 mg/ml of concentration and used a 100 ug by test.
The PLA, activity was measured in 20 min of incubation at 37° C, in 0.1M Tris-
HC| buffer, pH 8.0 with 2.5 mM CaCl,. After that the reaction was stopped by
addiction of Triton sclution.



Anticoagulant activity

Anticoagulant activity was assayed by measuring the recalcification time
of fresh, plateiet-poor, rat plasma. The plasma (0.5 mi) was incubated with
saline or isolated venom fraction (0.1mi), at 37° C for 3 min and the time for
clotting after addition of 0.1ml of 0.25M CaCl, was measured (Alvarado and
Gutiérrez, 1988; Selistre ef al., 1990).

Reduction and carboxy methylation of MP-lll 4R

One milligram of the purified MP-III 4R toxin was dissolved in &M
guanidine chloride (Merck, Darmstadt, Germany ) containing 0.4M Tris-HCl and
2 mM EDTA, at final pH 8.15, reduced with DTT and carboxy-methylated with
4C_iodoacetic acid (Marangoni ef al., 1995). Desalting was performed on a
Sephadex G 25 column in 1M acetic acid at 25° C and the eluted RC-MP-IIl 4R

was lyophilized.

Digestion of the MP-ll} 4R and purification of the resuiting peptides

Reduced and carboxymethylated MP-I1} 4R (RC-MP-IIl 4R} was digested
with Staphylococcus aureus protease V8 for 16 hr at 37° C, using a 1:30
enzyme to substrate molar ratio and stopping the reaction by Iyophilization
(Houmard and Drapeau, 1972). RC-MP-Ill 4R was also digested with
clostripain for 8 h at 37° C and lyophilized (Cintra et a/., 1993).

Both protease V8 and clostripain digests were fractionated by reverse
phase HPLC using a Waters PDA 991 system and a C18 u Bondapack column

under a concentration gradient of acetonitrile in 0.1% trifluoroacetic acid (viv).

Sequence procedure

Direct sequence from the N-terminal and of the toxin was carried out with
the native protein followed by those of the isolated peptides from the RC-MP-II
4R, wusing an Applied Biosystem 477 A automatic sequencer. The
phenylthicidantoin (PTH) amino acid was identified according to their retention
time compared to those of the 20 PTH amino acid standards.

Peptides containing (14C) CM-Cys were monitored by following the

radio-active label using a liquid scintillation counter (Beckman, model L-250).



Light Microscopy

Swiss mice weighing 25-30 g were injected in the right thigh
gastrocnemius muscle with either 0.1 mi of MP-Ill 4R (1.3 pg/g), dissolved in
Tyrode solution (n=3) or with 0.1 ml of Tyrode solution alone (controls) (n=3).
After 3 hours, the animals were killed by cervical dislocation and samples of
muscle were fixed for 10-12 h in Bouin's fixative. The gastrocnemius samples
were then washed three times (10 min each) in distilled water, dehydrated in
graded series of ethanol (70%, 95% and 100%) and embedded in Historesin
JB4 (LKB-Bromma, Sweden). Sections 2-3 um thick were cut using a Leica RM
2035 microtome (Leica, Vien, Austria) and stained with 0.5% Toluidine biue
solution for examination by light microscopy. Photomicrographs were taken

using a Zenalumar Zeiss light microscope (Carl Zeiss, Jena, Germany).



Results
MP-lil 4R was isolated by HPLC methods as described above after three

chromatographic steps. This fraction showed a moderate PLA; and
anticoagulant activities and strong myotoxic activity. The first chromatographic
step was made according the method described by Toyama et al, (1995),
which used the RP HPLC for initial purification of the PLA2.

The MP-IiI fraction (Fig. 1), obtained after RP HPLC, was repurified on
Protein Pack SP 5PW (Waters) (0.78 X 8 c¢m) ion exchanger HPLC column.
Thirty mg of MP-HHI fraction are dissclved on 0.05M ammonium bicarbonate
buffer, pH 7.8 and clarified before applied on the column. The elution of fraction
(MP-1, MP-1I, MP-{l1, BplV, BpV, BpVI) were made using a linear gradient of
1.0M ammoenium bicarbonate, pH 7.8.

Thus in the first chromatography were obtained six major fractions (Fig.1)
among which them a new myotoxic fraction MP-lil with moderate PLA, and
anticoaguiant activities, that was repurified on ion exchange HPLC. After this
chromatographic step, five major fraction were purified (Fig. 2). MP-Ill 4
isolated in this second chromatography showed an anticoagulant , PLA, and
myotoxic activities. This fraction MP-ill 4 was subjected to new RP HPLC for
further purification (Fig. 3). The protein isolated from the MP-IlI 4 from ion
exchange chromatography shows a single elution peak that was called as MP-
Il 4R. This protein has molecular weight around 14 kDa in SDS-PAGE and
showed a basic protein.

Enzymatic assay was made according Cho and Kézdy, (1991) and
Holzer and Mackessy (1996) and showed values of 102.31 (nmoles/min/mg) in
which it indicates a moderate PLA; activity. The anticoagulant activity using
doses of 2.5 — 3.5 pg showed recalcification time up to 45 min, that was also
considerate moderate.

The Fig. 4 shows the chromatographic profile of the of S. aureus V8
protease digest of 500 ug of reduced and 14C alkylated MP-lil 4R, which was
purified in RP-HPLC analytical p-Bondapack C18 column. The chromatographic
profile of purification of MP-lll 4R digest with clostripain performed in same

conditions of the purification of protease V8, is shown in Fig. 5.



The complete sequence of MP-lll 4R is shown in the Fig. 6. The
sequence of the first 42 N-terminal amino acids was obtained by direct
automated sequence from the RC-MP-Ill 4R. The rest of the sequence was
determined from the amino acid sequence of the peptides purified from the
protease V8 and clostripain digest purification (Fig. 8). The effective important
peptides that contributed for determination of the primary structure were Clt 5,
Clt 18, Clt 12, SV8 2 and SV8 4.

The myotoxic activity of MP-lll 4R D49 was assayed using direct
histological examination of sections of the injected skeletal muscle. At 3 hours
after injection, the predominant pattern of myonecrosis was characterized by
densely clumped myofilaments, alternating with both clear areas of sarcoplasm
which appeared to be empty and hypercontract regions of cells (Fig. 8 B).
Comparison with histological sections of control gastrocnemius (Fig. 8 A)
revealed the marked disintegration of muscle cells of envenomated mice which
loss striation, became swollen and with ruptured sarcolemma, indicating a
powerful myotoxic activity of MP-IlI 4R D49.This toxin did not cause

hemorrhage.



Discussion

In this paper, we described a new procedure for the isolation of PLA;
from the whole venom. Classically, the bothropic and other PLA; were purified
using the molecular exclusion or ion exchange chromatography for initial step,
followed by ion exchange rechromatography and last RP-HPLC step. Bothrops
myotoxins isoforms described can not be resoived by common chromatographic
method based on size, such as molecular exclusion or SDS-PAGE, or net
charge using ion exchange method or chromatofoccusing methods, which have
failed to isolate the high basic myotoxins. Recently, RP HPLC has been used
for separation of these isoforms (Gutiérrez and Lomonte, 1995). Recently,
Toyama et al, (1995) showed an alternative method of purification of two
myotoxins from Bothrops pirajai venom, which started with RP-HPLC. This
method showed advantages in relation to the conventional chromatographic
methods when there is few amount of venom to be purified. In our experiments
we used around 20 mg of whole venom which is considered a very low amount
when compared to conventional chromatography that normally uses around 250
mg to 1.0g.

In the present work, the MP-IIl 4R PLA; isolated from Bothrops pirajai
whole venom showed three kinds of biological activities: a moderate PLA;, and
anticoagulant activities, and a strong myonecrotic-inducing effect.

Phospholipases A, are classified in four groups and the snake venom
PLA, belong to groups | and Il. Type | PLAss can be subdivided into two
subgroups: D-49 (Asp-49 PLA;) which has an aspartic acid residue calcium
binding site and high enzymatic activity and K-49 PLA;-like (Lys-49 PLAx-like),
which has a lysine residue at position 49 and low enzymatic activity (Selistre de
Aradjo ef al., 1996). MP-Ill 4R exhibits a sequence homoiogy degree around
80% when compared to K-49 PLA; and this value up to 75% of homology when
compared to other D-49 PLA,.

MP-Ill 4R, isclated from whole venom of Bothrops pirajai has a moderate
PLA, activity if compared to others from Crotalic venoms. MP-lIl 4R has 70% of
homology when compared to BthTX-ll, a myotoxin isolated from Bothrops
jararacussu venom (Fig. 7), which has low lipolytic activity (i.e. low PLAz

activity) and its primary structure was completely determined by Pereira et a/.,



(1998). According to these authors, the presence of Y28, G30, G32, D49, H43,
Y52 and D99 are direct or indirectly involved in the catalysis. BthTX-ll shows
presence of mutation F5 - WS, which is considered a strategic position for
enzymatic catalysis expression. The presence of F5 in the MP-IIl 4R (PLA:
activity), shows that residue contributes to the presence of hydrophobic inner in
the N-terminai region that is highly conserved and folding a “hydrophobic wall®
which is responsible for the access of phospholipids to the catalytic site. In the
active PLA, there is a conserved triplet that contributes to form this hydrophobic
wall: F5, A103 and F106 (Arni and Ward, 1996), which are conserved in MP-li
4R. .

Kini and Iwanaga (1986) and Kini and Evans (1987, 1989) have
proposed several models to explain the pharmacological and biological
activities of PLA,. In these models, the PLA; has two separate sites: one
responsible for the catalytic activity and a pharmacological site responsible for
the expression of the biological activity. The pharmacological site could be
located at the surface of the PLA; molecule.

According to the model proposed by Kini and Evans (1987), the
anticoagulant site should be located in the region between residues 53 and 76.
This region is positively charged in the strong and negatively charged in the
weak and in the non anticoagulant PLAz. The anticoagulant region is placed in
a distinct and separate region of the predicted neurotoxic and myotoxic sites.

Although, Corredano et al., (1998) showed crystallegraphic studies of
two PLA,s. In which the presence of glutamic acid at position 53 is common in
the strong anticoagulant PLA, and shoulid be important to expression of
anticoagutant activity.

MP-Ill 4R doesn't have the presence of E53 that changed to K53. This
replacement will be considered an important contribution to the low
anticoagulant activity.

MP-Ill 4R is a rare example of PLA; {class 1) with phospholipase Az,
anticoagulant and myotoxic activities, which has determined its complete amino
acid sequence.

MP-IIl 4R is a fraction that was capable of inducing necrosis of mouse
skeletal muscle cells. It has detectable moderate PLAx activity, but strong

myotoxicity. in this context, it induces a qualitatively similar myonecrotic picture



greatly similat to those produced by other Bothrops venoms, independent of
their facking or not PLA; activity (see, Gitiérrez and Lomonte, 1986). Some of
these myotoxins does no reveal histological alterations of blood vessels or
nerves after intra-muscular injection, suggesting that muscular lesion occurs
through a direct effect in cell membrane (Gutiérrez ef al., 1984, 1991). The
PLA, activity of MP-lil 4R, though mild, probably contributes for membrane
plasmatic destabilization resulting in a generalized increase in membrane
permeability to macromolecules and ions. In skeletal muscle, the increase in
calcium levels results in hypercontraction of the myofilaments, activation of
calcium-dependent proteases and endogenous phospholipases which cause
further cell damage (Gutiérrez ef al, 1984, Gutiérrez and Lomonte, 1985).

Probably, MP-lll 4R PLA; plays important role in the Bothrops pirajai
venom because it has multi-functionatity. Different from PrTX-l and PrTX-ll that
act only in the myonecrosis process. MP-ill 4R should has other mechanism of
action different from other PLA, described to Bothrops pirajai ( Bahia's
jararacussu) and Bothrops jararacusst {jararacussu).
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Legends of figures:

Figure 1. Chromatographic profile of purification of Bothrops pirajai whole
venom by RP-HPLC on u-Bondapack C18 semi-preparative column (7.8 X 300
mm). The purification of fraction were made using a linear gradient of

Acetonitrie (Solvent B).

Figure 2. Chromatographic profile of purification of MP-Iil 4R performed on
Protein Pack, SP 5PW cation exchange column. The eiution of samples was
performed using a linear gradient of concentration from 0.05M to 1.0 M

ammonium bicarbonate.

Figure 3. Repurification of MP-lil 4R performed on analytical RP-HPLC column
(0.39 X 300 mm). The repurification were made using a linear gradient of

concentration of Acetonitrite (Buffer B).

Figure 4. Chromatographic profile of purification of the peptides produced by
digesting the RC-PrTX-l protein with protease V8 from Staphilococcus aureus
V8. The RP-HPLC carried on u-Bondapack C18 (0.39 X 30 cm) coiumn using a
discontinuous acetonitrile gradient, at constant flow rate of 1.0 mi/ min and the

detection of peaks were made using an Absorbance at 220 nm.

Figure 5. Purification of peptides produced by digesting the RC-PrTX-ll protein

with clostripain.

Figure 6. The primary structure of Lys-49 PLAz-like MP-III 4R, showing the
alignments of the peptides from the Staphifococcus aureus V8 protease (SV8)
and from the ciostripain (CIt) digest. The first 45 residues were directly

sequenced.

Figure 7. The amino acid alignment of MP-Ill 4R with other PLA2. PriX-
(Toyama et al., 1998), BthTX-I (Cintra et al., 1993), Myotoxin 1l (Francis ef al.,
1991), App K-49 (Maraganore and Heirikson, 1986), T.g PLA2-V (Nakai et al.,



1995), BthTX-Il (Pereira et al., 1998), Myotoxin 11l (Kaiser et al., 1990), VRV-PL-
Villa (Gowda ef al., 1994), TFPLA2P (Ogawa ef al., 1992) and Bp PLA; (Fleer et
al., 1978). The symbols & (L/F), % (L/F), ® (E/D)and & (KIP).

Figure 8. Light micrograph of skeletal muscle from a mouse after i.m. injection
of MP-HI 4R (1.3 pg/g)

Control gastrocnemius injected with Tyrode solution. Longitudinal section of
fibers with normal cross striation, peripheral nuclei and regular diameters. (B)
Right gastrocnemius showing extensive myonecrosis 3h after injection of toxin.
Note the necrotic cells characterized by total disorganization of myofibrils; the
cells have lost striated appearance, showed hypercontracted areas (h) and
tortuous clump of condensed myofibrils (arrowhead) intercalated among empty

areas (e). Bars = 50 pm.
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PrTX-1I
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Myotoxin IT
App K49
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