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Resumo 

As aranhas marrons (gênero Loxosce/es) são de grande importância 

médica, com os acidentes (Loxoscelismo) ocorrendo por todo o mundo. As 

atividades biológicas do veneno da aranha marrom usualmente incluem lesões 

dermonecróticas no local da picada, acompanhadas de hemólise, hemorragia e 

insuficiência renaL Neste trabalho, nós descrevemos a histologia da glândula 

produtora de veneno da L. interrnedia (espécie que prevalece em Curitiba) através 

de métodos citoquímicos e imunohistoquímicos, microscopia eletrônica de 

transmissão e de varredura. A organização da glândula se assemelha à 

arquitetura geral das glândulas produtoras de veneno das aranhas. Nós 

observamos que as glândulas da L. intermedia possuem duas camadas de 

musculatura estriada, uma camada externa e uma interna em contato direto com 

uma estrutura semelhante à membrana basal, separando a região muscular das 

células epiteliais. As células musculares são multinucleadas, com núcleos 

localizados na periferia celular e com seus citoplasmas ricos em retículo 

endoplasmático liso e miofibrilas. Utilizando microscopia eletrônica de varredura, 

nós mostarmos que as células musculares da camada externa têm molfologia 

ramificada. As células epiteliais têm retículo endoplasmático rugoso acentuado, 

coleções mitocondriais, complexo de Golgi evidente, interdigitações de 

membranas e vesículas secretoras contendo o veneno, sendo este uma mistura 

complexa de proteínas. 

Em outra investigação, através de eletroforese de poliacrilamida gradiente 

linear 3-20% na presença de dodecil sutfato de sódio e coloração monocromática 

pela prata, fomos capazes de mostrar que o veneno de L. intermedia é uma 

mistura complexa de proteínas que variam entre 5 a 850 kDa. O tratamento do 

veneno com tripsina ativa duas moléculas gelatinolíticas com 85 kDa e 95 kDa de 

massa molecular. Experimentos utilizando inibidores de proteases confirmaram 

que somente inibidores de serino-proteases foram eficientes no bloqueio da 

atividade proteolítica destas enzimas. Essas enzimas apresentam pH ótimo entre 

7 ,O e 8,0. A análise da especificidade funcional dos substratos dessas enzimas 
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mostrou que elas degradam eficientemente gelatina (colágeno desnaturado) mas 

não têm atividade proteolítica sobre hemoglobina, imunoglobulina G, albumina, 

fibrinogênio e laminina, sugerindo especificidade de atividade proteolítica. 

Estudando o veneno de L. intermedia, nós fomos capazes de detectar 

atividade proteolítica sobre a fibronectina e o fibrinogênio (duas importantes 

proteínas plasmáticas), mas ausência de atividade proteolítica sobre a lamínína e 

os colágenos tipo I e IV. Analisando inibidores de proteases, mostramos que os 

quelantes de metais diva lentes como o EDTA e a 1,1 0-fenantrolina bloquearam 

completamente as atividades proteolíticas do veneno, enquanto inibidores de 

serino-proteases, tiol-proteases e proteases ácidas não tiveram nenhuma 

atividade efetiva, indicando envolvimento de metaloproteases. Através de 

zimogramas detectamos uma molécula com atividade gelatinolítica com massa 

molecular de 35 kOa. A sensibilidade ao acetato de 4-aminofen~ mercúrio e à 

1,1 0-fenantrolina comprovaram tratar-se de uma metaloprotease. Zimogramas 

copolimerizados com fibronectina ou fibrinogênio detectaram atividade proteolítica 

de uma outra enzima com massa molecular de 28 kDa, também sensíveis ao 

tratamento organomercurial e com a fenantrolina comprovando tratar-se de outra 

metaloprotease. 

Com a finalidade de descartarmos a crítica racional contra a presença de 

enzimas proteolíticas no veneno obtido por eletroestimulação, como sendo 

decorrente da contaminação com egesto abdominal, os venenos de L. intennedia 

e L. laeta foram diretamente coletados das glândulas produtoras de veneno por 

microdissecção e homogeneização suave. Eletroforese corada pelo método da 

prata mostrou não existir diferenças significativas no perfil protéico entre os 

venenos glandulares e eletroestimulado. Experimento de zimograma com o 

veneno glandular detectou atividade gelatinolítica na região de 32-35 kDa, idêntico 

ao veneno obtido por eletrochoque. A atividade inibitória da fenantrolina sobre esta 

atividade proteolítca adicionalmente à caracteriza como uma metaloprotease 

autócrina do veneno. Experimentos de clivagem proteolítica com o veneno 

glandular mostraram atividades fibronectinolítica e fibrinogenolítica, bloqueadas 

por quelantes de metais divalentes, de modo idêntico ao veneno obtido por 
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eletrochoque. Adicionalmente, quando o fibrinogênio foi incubado com extrato 

abdominal de L. intennedia, a fibrinogenólise originou fragmentos peptídicos de 

baixa massa molecular completamente diferentes da fibrinogenólise causada pelo 

veneno. Experimentos de zimograma utilizando veneno glandular de L laeta 

também detectaram atividade gelatinolitica na região de 32-35 kDa, atividade esta 

inibida pela fenantrolina, confirmando a presença de metaloproteases no veneno 

de ambas as espécies. 

Através de metodologias específicas para análises de resíduos de 

oligossacarídeos como lectin-blotting, cromatografia de afinidade lectínica e 

tratamento com glicosidases, fomos capazes de identificar no veneno de L 

intermedia várias glicoproteínas N-glicoslladas, com resíduos de alta-manoses e 

glicoconjugados complexos fucosilados. Trabalhando com venenos deglicosilados 

enzimatica ou quimicamente, pudemos detectar que as atividades 

trombocitopênicas, fibronectinolítica e fibrinogenolíticas do veneno não dependem 

dos resíduos de açúcares das glicoproteinas do veneno. No entanto, a atividade 

gelatinolítica da metaloprotease Loxolisina 8, uma glicoproteína do tipo alta

manose, após deglicosilação química ou enzimática, diminui a níveis residuais de 

28% quando comparada com a molécula glicosilada, sugerindo a importância 

destas modificações pós-traducionais na atividade gelatinolitica. A massa 

molecular diminui em aproximadamente 2 kDa após deglicosilação. Análises do 

veneno deglicosilado química ou enzimaticamente, mostram atividade 

dermonecrótica diminuída quando comparadas com o veneno glicosilado. 

ObseJVações por microscopia de luz mostram que o veneno de L. 

intermedia, obtido por eletrochoque, reproduz os principais sinais clínicos do 

loxoscelismo em laboratório, exibe atividade degradatória de membranas basais 

do tumor de EHS. A degradação de membranas basais do tumor de EHS pôde ser 

confirmada através das colorações citoquimicas pelo PAS e Azul de Alcian, bem 

como diminuída imunomarcação para a laminina. Análises por microscopia 

eletrônica confirmaram os resultados descritos acima, mostrando atividade 

degradatória e disruptiva do veneno sobre membranas basais de EHS. Utilizando 

moléculas purificadas de membranas basais, através de cinéticas de proteólise e 
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eletroforeses de poliacrilamida ou agarose, nós mostramos que o veneno não tem 

atividade degradatória sobre a laminina ou colágeno do tipo IV, mas é capaz de 

clivar a entactina e o núcleo protéico do heparam sulfato proteoglicano. Quando o 

tumor de EHS foi incubado com o veneno, nós detectamos a liberação de laminina 

no sobrenadante, corroborando a ocorrência de atividade disruptiva da membrana 

basal. A atividade entactinolitica do veneno foi bloqueada pela fenantrolina 

(inibidor de metaloproteases ), mas não por outros inibidores proteoliticos, 

corroborando que metaloproteases do veneno estão envolvidas na atividade 

degradatória e disruptiva de membranas basais. A degradação de membranas 

basais pode explicar as atividades deletérias do veneno sobre a integridade 

glomerular e os vasos sangüíneos, resultando em problemas renais e hemorragia. 

O efeito do veneno de L intermedia sobre células endoteliais foi investigado 

in vivo e in vitro. Análises morfológicas e ultraestruturais por microscopia de luz e 

eletrônica de transmissão, mostraram que o veneno atua in vivo sobre células 

endoteliais de vasos sangüíneos da pele de coelhos, causando instabilidade 

destes vasos, vacuolização citoplasmática endotelial e bolhas. Do mesmo modo, o 

tratamento de células endoteliais em cultura de aorta de coelhos com veneno, 

mostrou perda de adesão das células, aumento da liberação de compostos 

celulares para o meio de cultura e diminuição da matriz extracelular endotelial. 

Experimentos por eletroforeses de poliacrilamida e agarose mostraram que o 

veneno é ativo sobre proteoglicanos da superfície celular e matriciais das células 

endoteliais, liberando estas moléculas para o meio de cultura. Adicionalmente, 

quando moléculas purificadas como heparam sulfato proteoglicano e o complexo 

protéico laminina-entactina foram incubados com o veneno, pudemos detectar 

atividade proteolítica sobre estes substratos. Estes resultados sugerem que o 

veneno de L. intermedia tem atividade citotóxica sobre células endoteliais tanto in 

vivo como em cultura, removendo importantes constituintes destas células ou da 

matriz extracelular endotelial os quais são importantes na organização e 

atividades biológicas destas células. 

Coelhos intradermicamente expostos ao veneno mostraram hemorragia no 

local da injeção iniciando-se aproximadamente 1 hora após a inoculação e 
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atingindo atividade máxima entre 2 e 3 dias. Biópsias analisadas por microscopia 

de luz e microscopia eletrônica de transmissão mostraram vacúolos subendoteliais 

e degeneração das membranas citoplasmáticas de células endoteliais de vasos 

sangüíneos, exudação de plasma para o tecido conectivo, formação de fibrina e 

trombas dentro dos vasos sangüíneos. A incubação de fibrinogênio purificado com 

veneno de L intermedia mostra atividade proteolítica parcial sobre as cadeias Aa 

e 8~ do fibrinogênio in natura, mas significante atividade proteolítíca sobre as 

cadeias Aa, B~ e y quando estas estavam separadas ou o fibrinogênio estava 

desnaturado. Estudos de cinética proteolítica, mostraram que a cadeia Aa é mais 

susceptível à proteólise. A fibrinogenólise causada pelo veneno pode ser 

bloqueada pelo EDTA e a fenantrolína. mas não por outros ínibídores de 

proteases. Plasma humano incubado com o veneno tem seus parâmetros de 

coagulação como tempo de protrombina, tempo de tromboplastína parcial ativada 

e tempo de trombina aumentados. Através de cromatografías de gel filtração, 

isolamos no veneno uma toxina de 30 kDa com atividade fibrinogenolítica. Por 

estes dados podemos propor que as desordens hemorrágicas em nível local ou 

sistêmicas que acontecem durante o loxoscelismo são conseqüências de uma 

atividade direta sobre o fibrinogênio além de citotoxidade sobre células endoteliais 

dos vasos sangüíneos. 

Em outra investigação, coelhos albinos foram submetidos a um protocolo 

experimental de envenenamento agudo, utilizando veneno de L intermedia, com 

ênfase na determinação das características histopatológicas das lesões 

dennonecróticas. Coelhos receberam injeções intradénnicas do veneno e foram 

monitorados 4 horas, 12 horas, 1, 2 e 5 dias após o envenenamento. Amostras 

para análise histológica foram coletadas de 3 coelhos por tempo de 

experimentação e processadas para análise histopatológica. Os principais 

achados macroscópicos nas primeiras 4 horas foram inchaço e hemorragia local e 

em nível microscópico edema da derme, hemorragia, degeneração das paredes 

dos vasos sangüíneos, exudação de plasma, trombose, acúmulo de neutrófilos 

dentro e fora dos vasos sangüíneos com maciça diapedese, coleção difusa de 

células inflamatórias (leucócitos PMN) na derme, além de edema da musculatura 
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subcutânea. Dentro das próx1mas horas até 5 dias pós-envenenamento, as 

alterações histopatológicas progrediram para um massivo infiltrado neutrofílico 

dentro da derme e mesmo na musculatura subcutânea, destruição dos vasos 

sangüíneos, trombose. hemorragia, mionecrose e necrose coagulativa por volta do 

quinto dia. Sinais de reparo tecídual da lesão dennonecrótica foram aparentes no 

segundo dia pós-envenenamento, com proliferação de fibroblastos e fonnação de 

tecido de granulação. 

Por análise microbiológica, fomos capazes de isolar e identificar diferentes 

bactérias, entre as quais o C/ostndium perfringens (envolvido em condições 

dermonecrotizantes) a partir do veneno e quelíceras de aranhas marrons 

coetadas diretamente da natureza. Trabalhando com veneno de L intermedia 

associado ou não ao C. perfnhgens, utilizando coelhos como modelo experimental 

para a dermonecrose. pudemos observar que esta conjugação resultou em 

aumento do quadro dermonecrótico, quando comparado com a dermonecrose 

induzida pelo veneno sozinho, sugerindo um provável papel desta bactéria nos 

quadros dermonecróticos graves mostrados por alguns pacientes. 
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Abstract 

The brown spider, genus Loxosceles, is becoming of great medicai 

importance, with envenomation (Loxoscelism) occurring throughout the world. The 

biological activities of the brown spider venom usually include dermonecrotic 

lesions at lhe bite site accompanied by hemolytic and haemorrhagic effects and 

also by renal failure. We described the histology of lhe venom gland of L 

intermedia using immunohistochemical and staining methods, by transmission 

electron microscopy and by scanning electron microscopy. The organization of the 

venom gland of L interrnedia follows the general architecture of spiders venom 

glands. We observed that the venom glands present two layers of striated muscle 

fibers, an externallayer and an internallayer in touch with an basement membrane 

structure and a fibrillar collagen matrix separating the muscular region from 

epithelial cells. Muscle cells are multinucleated, with nuclei peripherally placed and 

their cytoplasm rich in sarcoplasmic reticulum, myofibrills and continuous Z lines. 

By using scanning electron microscopy we can detect muscular cells from externai 

layer as branching cells. Epithelial cells have their cytosol extremely rich in rough 

endoplasmic reticulum, mitochondria collection, Golgi apparatus, interdigitating 

membranas and secretory vesicles that ultimately accumulate the venom, a 

complex protein mixture. 

In the present investigation, when we submitted L. intermedia venom to 

linear gradient 3-20% SDS-PAGE stained by a monochromatic silvar method we 

detected a heterogeneous protein profile in molecular weight, ranging from 850 

kDa to 5 kDa. In an attempt to detect zymogen molecules of proteolytic enzymes, 

venom aliquots were treated with several exogenous proteases. Among them, 

trypsin activated two gelatinolytic molecules of 85 kDa and 95 kDa in the venom. In 

experiments of hydrolysis inactivation using different protease inhibitors for four 

major class of proteases, we detected that only serine-type protease inhibitors 

were able to inactivate the 85 kDa and 95 kDa enzymes in the venom. An 

examination of the 85 kDa and 95 kDa gelatinolytic activities as a function of pH 

showed that these proteases had no apparent activities at pH below 5.0 and higher 



than 9.0 and displayed little activity at pH 6.0, with the optimal pH for their activities 

ranging Irem 7.0 to 8.0. Evaluation of the functional specificities of the 85 kDa and 

95 kDa venom proteases showed that these proteases efficiently degrade gelatin 

(denatured collagen) but have no proteolytic activity on hemoglobin, 

immunoglobulin, albumin, fibrinogen ar laminin, suggesting specificity of their 

proteolytic actions. We describe here two serine-proteases activities in L 

intermedta venom probably involved in lhe harmful effects of lhe venom. 

By studying Loxosceles intermedia (Brown spider) venom we were able to 

detect a proteolytic acl1on on fibronectin and fibrinogen but an inability to degrade 

full length laminin, type I and type IV collagens. By studying enzyme inhibitors we 

observed that divalent metal chelators as EDTA and 1,10-phenanthroline 

completely blocked this cleaving action whereas serine-protease inhibitors, thiol

protease inhibitor and acid-protease inhibitor showed little or no effect on lhe 

proteolytic activity of lhe venom indicating involvement of a metalloproteinase. 

Zymogram analysis of venom detected a 35 kDa molecule with gelatinolytic 

activity. The metalloproteinase nature was further supported by its sensitivity to 4-

aminophenyl mercuric acetate (APMA) treatment which decreased its molecular 

weight to 32 kDa, inhibition of its gelatinolytic effect by 1,10-phenanthroline and its 

elution from gelatin-sepharose affinity beads. In addition, zymogram experiments 

using fibronectin and fibrinogen as substrates detected a fibronectinolytic and 

fibrinogenolytic band at 28 kDa which changed its electrophoretic mobility to 20 

kDa band after organomercurial treatment. The inhibitory effect of 1,1 O 

phenanthroline and APMA sensitivity on this proteolytic effect confirmed lhe 

presence of a second metalloproteinase in the venom. The data presented herein 

describe two invertebrate metalloproteinases in L. intennedia venom with different 

specificities one gelatinolytic and another, fibronectinolytic and fibrinogenolytic, 

probably involved in lhe harmful effects of lhe venom 

In the present investigation, in arder to dispute the rational criticism against 

the presence of proteolytic enzymes in lhe electrostimulated venom obtained Irem 

spiders of the genus Loxosceles, as a consequence of contamination with 

abdominal secretions, venoms of L. intermedia and L. /aeta were directly collected 
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Irem venom glands by microdissection and gentle homogenization. Gel 

electrophoresis stained by silvar method carried out to compare L intermedia 

electrostimulated venom and venom gland extract demonstrated no significant 

differences in protein profile. Zymogram analysis of L. 1ntermed1a venom gland 

extract detected a gelatinolytic activity in the 32-35 kDa region. The inhibrtory effect 

of 1,1 0-phenanthroline on this proteolytic activity further supported its 

metalloprotease natura. In proteolytic digestion experiments L. intermedia venom 

gland extract was also able to cleave purified fibronectin and fibrinogen. The 

inhibitory effect of 1,1 0-phenanthroline on these degrading activities confirrned the 

presence of metalloproteases in the venom. In add~ion, when purified fibrinogen 

was incubated with L. íntermed1a abdominal extract, the fibrinogenolysis was 

completely different, generating low maos fragments that ran away from the gel, a 

proteolytic event not blocked by 'I, 1 0-phenanthroline. Zymogram experiments 

using L. /aeta venom gland extracts furtl1er detected a gelatinolytic band at 32-35 

kDa, also inhibited by 1, 1 0-phenanthroline, confirrning the presence of 

metalloproteases in both species. 

Using lectin-immunelabeling, lectin-affinity chromatography, glycosidases 

and protease-K treatments we were able to identffy severa! proteins in venom as 

N-glycosylated, with high-mannose oligosaccharides structures, mediai Golgi 

complex-type glycoconjugates but the absence of trans Golgi complex sugars ar 

glycosaminoglycans residues. Worl<ing with enzymatic or chemically 

deglycosylated venom we detected that platelet aggregation (thrombocytopenic 

activity) as well as fibronectinolytic and fibrinogenolytic (hemorrhagic effects) were 

sugar-independent when compared to glycosylated venom. Nevertheless 

zymograph analysis in gelatin co-polimerized gels showed that the loxolysin-B a 

gelatinolytic metalloproteinase of venom with 32-35 kDa a high-mannose 

glycoprotein eluted from a Con-A-sepharose column, after enzymatic N

deglycosylation or sodium metaperiodate oxidation strongly had decreased its 

molecular weight in aproximately 2 kDa and gelatinolytic effect to a 28% residual 

activity when compared w~h glycosylated molecule, pointing for a post-translational 

glycosylation dependent gelatinolytic effect. Analysis of chemically or enzymatic N-
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deglycosylated venom for its dermonecrotic effect detected only a residual activity 

when compared with glycosylated contrai. Thus, the present report suggest 

oligosaccharide moistures playing a role in destructive effects of brown spider 

venom, open a posstbility for a cabohydrate-based therapy. 

Ught microscopy observations showed that the L intermedia venom 

obtained through electnc shock, which reproduces two major signals of 

Loxoscelism in laboratory, exhibits activity toward EHS-basement membrane 

structures. Basement degradation was seen by a reduced PAS and Alcian Blue 

staining as well as by a reduced immunostaining for laminin when compared to 

central experiments. Electron microscopy studies confirmed the above results, 

showing the action of the venom on EHS-basement membranas and 

demonstrating that these tissue structures are susceptible to the venom. Using 

purified molecules of the basement membrane, we detennined through SDS-PAGE 

and agarose gel that lhe venom is not active toward laminin or type IV collagen, 

but is capable of cleaving entactin and endothelial heparan sulfate proteoglycan. In 

addition, when EHS tissue was incubated with venom we detected a release of 

laminin into the supernatant, corroborating the occurrence of some basement 

membrane disruption Venom degrading effect upon entactin was blocked by 1,10-

phenanthroline, but not by other protease inhibitors as PMSF, NEM o r pepstatin-A. 

By using light microscopy associated with PAS staining we were able to identify 

that 1,1 0-phenanthroline also inhibits EHS-basement membrane disruption evoked 

by venom, corroborating that a metalloprotease of venom is involved in these 

effects. Degradation of these extracellular matrix molecules and the observed 

susceptibihty of the basement membrane could lead to loss of vessel and 

glomerular integrity, resulting in hemorrhage and renal problems after 

envenomation. 

The effect of brown spider (Loxosceies lilfennedía) venom on endothelial 

cells was investigated in vivo and in vitro. Morphological and ultrastructural 

observations by light microscopy and transmission electron microscopy showed 

that the venom acts in vNo upon vessel endothelial cells of rabbits that were 

intradermally injected, evoking vessel instability, cytoplasmic endothelial cell 
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vacuolization and blebs. Likewise, treatment of rabbit endothelial cells in cultura 

with lhe venom led to loss of adhesion of lhe cells to the substrate. Endothelial 

cells in cutture were metabolically radiolabelled with sodium [35S]-sulfate and the 

su~ated compounds (proteoglycans and su~ated proteins) from medium, cell 

surface and extracellular matrix (ECM) were analysed. Agarose gel electrophoresis 

and SDS-PAGE showed that lhe venom is active on the ECM and on cell surface 

proteoglycans, shedding these molecules into lhe culture medium. In addition, 

when purified heparan su~ate proteoglycan (HSPG) and purified laminin-entactin 

complex were incubated with lhe venom we observed a partial degradation of lhe 

protein core of HSPG as well as the hydrolysis of entactin. The above results 

suggest that the L. intermedia venom has a deleterious effect on lhe endothelium 

of vessels both in vivo and in cultura, removing important constituents such as 

HSPG and entactin that are involved in the adhesion of endothelial cells and of 

subendothelial extracellular matrix organization. 

Rabbits intradermally exposed to the venom showed a local hemorrhage 

starting 1 hour after inoculation and reaching maximum activity between 2 and 3 

days. Biopsies examined by light and transmission electron microscopy showed 

subendothelial blebs, vacuoles and endothelial cell membrane degeneration in 

blood vessels, plasma exudation into connective tissue, fibrin and thrombus 

formation within blood vessels. L. intermedia venom, incubated with fibrinogen 

parttally degrades Aa and B~ chains, of intact fibrinogen and significantly cleaves 

all Aa, 8(3 and y chains when they were separated or when fibrinogen was 

denatured by boiling. Proteolytic kinetic studies showed that the Aa chain is more 

susceptible to venom hydrolysis than the B~ chain. The fibrinogenolysis was 

blocked by EDTA and 1.10-phenanthroline, but not by other protease inhibitors. 

Human plasma incubated with the venom, had their coagulation parameters as 

prothrombin time, activated partial thromboplastin time and thrombin time 

increased. Through molecular sieve chromatography, we have isolated a venom 

toxin of 30 kDa with fibrinogenolytic activity. We may propose that the local and 

systemic hemorrhagic disorders evoked in loxoscelism are consequences of direct 
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venom fibrinogenolysis together with cytotoxicity to subendothelial structures and 

endothelial cells in blood vessels. 

In lhe present investigation we submitted albino rabbits to an acute 

experimental envenomation protocol using Loxosce/es intermedia (brown spider) 

venom, with emphasis on lhe determination of lhe features of lesion pathogenesis 

induced by this spider, which is the cause of severa! accidents through out lhe 

world. Rabbits received intradermal injections of the venom and were monitored 

over lhe first 4 hours, and then 12 hours and 1, 2 and 5 days after envenomation. 

Histologic specimens from 3 rabbits per time point were collected from euthanized 

animais and processed for histological examination by light microscopy. Major 

macroscopic findings observed during lhe first 4 hours were swelling and a 

haemorrhagic spot at lhe injection sites and microscopic finding at the dermis levei 

were oedema, haemorrhage, degeneration of blood vessel walls, plasma 

exudation, thrombosis, neutrophil accumulation in and around blood vessels with 

an intensive diapedesis, a diffuse collection of inflammatory cells 

(polymorphonuclear leukocytes) in lhe derrnis, and subcutaneous muscular 

oedema. Over lhe following hours and up to 5 days after envenomation lhe 

changes progressed to massiva neutrophil infittration (no other leukocytes) into lhe 

dermis and even into subcutaneous muscle tissue, destruction of blood vessels, 

thrombosis, haemorrhage, myonecrosis, and coagulative necrosis on the 51
h day. 

Lesion repair was apparent at 2 days, with prol~eration of fibroblasts and lhe 

formation of a granulation tissue. 

lsolation and ident~ication of many different bactena. among !hem 

Clostridium perfn'ngens, of great medicai importance due to its involvement in 

dermonecrotizing and systemic conditions, was carried out from the venomous 

apparatus (fangs and venom) of spiders obtained directly from nature, through 

microbiological cultures in aerobic and anaerobic conditions. Working with 

Loxosceles interrnedia venom (alone) and with lhe venom conjugated with 

Clostndium petfrlngens using rabbits as experimental models for dermonecrosis, 

allowed for lhe observation that venom and anaerobic bacteria conjugated resulted 

in a striking increase of the dermonecrotic picture when compared to venom alone, 
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suggesting a role for Clostridium perftingens in the severe dermonecrotic picture of 

lhese palienls and opening lhe possibilily for lhe associalion of anlibiolic lherapy in 

treating loxoscelism. 
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Revisão da Literatura 

Dentre os quadros clínicos produzidos por acidentes que envolvem animais 

peçonhentos, aqueles causados pelos aracnídeos são de grande importância 

médica. Em algumas localidades, tanto a freqüência de acidentes quanto suas 

conseqüências podem caracterizá-los como fator de interesse a nível de saúde 

pública (MARTINEZ-VARGAS,1987; RIBEIRO et al.,1993). Nos últimos anos, o 

Estado do Paraná e em especial a Região Metropolrtana de Curitiba, vêm sofrendo 

um aumento significativo no número de acidentes produzidos por aracnídeos, 

popularmente conhecidos como "aranhas-marrons". Estas aranhas pertencem ao 

gênero Loxosceles e para este, são atualmente conhecidas aproximadamente 70 

espécies. As aranhas do gênero Loxosce/es têm vasta distribuição pelo mundo 

tropical, subtropical e temperado, principalmente no Continente Americano, a 

começar pelos países da América do Norte, América Central e das Antilhas e em 

proporções não poucas vezes alannantes, em determinadas regiões do Peru, 

Chile, Argentina, Uruguai e Brasil. 

Das aranhas do gênero Loxosce/es que ocorrem no continente americano, 

aproximadamente 18 espécies ocorrem na América do Norte, América Central e 

Antilhas e 30 na América do Sul. No Brasil ocorrem 7 espécies heterogeneamente 

distribuídas que são Loxosceles gaucho, encontrada em São Paulo e Rio Grande 

do Sul; Loxoscetes similis, encontrada na Paraíba, São Paulo e Minas Gerais; 

Loxoscetes adelaide, encontrada no Rio de Janeiro; Loxosceles hirsuta, 

encontrada no Rio Grande do Sul, Santa Catarina e Paraná; Loxosceles 

intermedia, encontrada do Rio Grande do Sul ao Rio de Janeiro; Loxosceles 

amazônica, encontrada no Amazonas e Ceará e Loxosceles laeta, encontrada nas 

regiões sul e sudeste. 

No Paraná através dos levantamentos epidemiológicos realizados pelos 

órgãos responsáveis da Secretaria de Saúde, veriTicou-se que no ano de 1992, do 

total de aranhas-marrons coletadas na cidade de Curitiba e Região Metropolitana, 

92% foram identificadas como L intermedli> e 8% como L faeta (RIBEIRO et ai., 

1993; MANFREDINI et ai, 1993). Com relação à sua distribuição geográfica, o 
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aracnídeo apresentou notória preferência pela zona urbana do mumclpto de 

Curitiba (80%). Nas regiões mencionadas, a densidade populacional dessa 

espécie vem aumentando significativamente a partir de 1989. 

Essa proliferação reflete-se também no aumento do número de acidentes 

que ocorrem com esta espécie. De 100 casos de acidentes notificados em 1986, 

passou-se para mais de 1000 em 1992 (MANFREDINI et ai., 1993; BARBARO et 

ai., 1995) e 2400 em 1996 (COUTINHO, 1996). 

No Brasll, o loxoscelismo não é muito freqüente, com exceção do estado do 

Paraná, particulanmente Curitiba e região metropol~ana. No período de 1988-1989 

foram notificados 595 casos, que corresponderam a 62,2% das notificações de 

acidentes por Loxosceles spp. e entre 1989 e 1990 o total de casos chegou a 923, 

peliazendo 77,4% dos acidentes no País, com incidência maior nos períodos mais 

quentes do ano. Em 1999, foram registrados 1.454 casos no Paraná (dados 

fornecidos pelo Centro de Saúde Ambiental - SESA - PR). Já em 2001, foram 

registrados e confirmados 2664 casos. 

Analisando-se as notificações oficiais dos acidentes com aracnídeos nessa 

região, percebe-se que cerca de 52% destes são causados pela espécie L 

intermedia. Do total de acidentados, a maioria encontra-se na faixa etária de 20 a 

39 anos, indicando que a camada populacional mais sujeita aos episódios de 

acidente é aquela economicamente mais ativa. As estatísticas indicam também 

que as lesões ocorreram principalmente no tronco (18%) e nos membros(35%), 

partes do corpo geralmente cobertas e, portanto, potencialmente mais 

susceptíveis ao contato e compressão do animal sobre a pele, uma vez que a 

maioria dos acidentes ocorre quando o indivíduo encontra-se dormindo, ou, ao 

vest~r-se (RIBEIRO et ai., 1993; MANFREDINI et ai., 1993). Embora fatores 

múltiplos possam estar relacionados, é provável que o aumento de acidentes 

envolvendo a "aranha-marrom" em Curitiba e região Metropolitana nos últimos 

anos deva-se a desequilíbrios ambientais e ecológicos, tais como desmatamentos 

e extinção de predadores naturais, o que poderia impedir a manutenção da 

densidade populacional da espécie em níveis estáveis (BARBARO et ai., 1995). 
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Estas aranhas apresentam comprimento corporal variando de 8 a 15 mm, 

com patas medindo de 8 a 30 mm, com pelos curtos e escassos. Sua coloração 

varia do marrom claro ao marrom escuro. Os machos apresentam corpo mais 

delgado e patas mais longas que as fêmeas. Os olhos dispostos em 3 pares, com 

localização em semi-circulo, são caracteristica de segurança para identificação do 

gênero. São animais sedentários, que constróem teias irregulares, semelhantes à 

algodão esfiapado. Sua alimentação é constituída de pequenos insetos. Instalam

se e reproduzem-se com facilidade, em ambientes diversificados. Após o 

acasalamento, a ooteca é tecida pela fêmea e a postura pode gerar de 60 a 200 

ovos. A "aranha-marrom" é uma animal não agressivo e possui hábitos noturnos 

(HITE et ai., 1960; BUCHERL, 1960-62; GAJARDO-TOBAR. 1966; LUCAS et ai., 

1983/84; RODRIGUES et ai., 1986; JORGE et ai., 1991; FUTRELL, 1992). Ê 

destacada a sua preferência por locais secos e escuros, e ela costuma abrigar

se sob cascas de árvores, nas fendas de muros, em cavernas, pilhas de tijolos e 

junto a entulhos acumulados. A aquisição de hábitos intra- domiciliares por este 

animal guarda relação direta com a maior incidência de acidentes dentro das 

residências humanas (LUCAS et ai., 1983/84; LUCAS, 1988; JORGE et ai., 1991; 

FUTRELL,1992; COUTINHO, 1996). 
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A "aranha-marrom" suporta temperaturas que variam de 8 à 43°C; sendo 

maior o registro de acidentes, durante os meses mais quentes do ano (74%) 

(SCHENONE and LETONJA, 1975; SCHENONE et ai., 1989). No outono e 

inverno, o número de acidentes com este aracnídeo é substancialmente reduzido 

(SCHENONE and LETONJA, 1 975). Ambos os sexos são venenosos e podem 

sobreviver até 276 dias sem alimento (LOWRIE, 1980; GERTSCH and ENNIK, 

1 983; FUTRELL, 1 992) 

Loxosceles intermedla 

Fêmea Macho 

CARACTERÍSTICAS DO VENENO LOXOSCÉLICO 

O veneno da "aranha-marrom" é um líquido com características protéicas, 

produzido por glândulas apócrinas situadas no cefalotórax do animal, que 

comunicam-se com o exterior através do aparelho inoculador, constituído por um 

par de queliceras (GAJARDO-TOBAR, 1966; MARTINEZ-VARGAS, 1987). 

A quantidade de veneno seco, varia entre espécies. Por exemplo, animais 

da espécie L.ruffpes, secretam na média, 700 ~g por extração (LUCAS,1988). 

Uma adulto da espécie L. reclusa, libera no volume total de 



18 

veneno(aproximadamente 4 Ml), de 65 a 100 M9 de proteína (FORRESTER et ai., 

1978). 

Vários são os estudos realizados com o objetivo de esclarecer os 

mecanismos de ação do veneno das aranhas deste gênero no estabelecimento 

dos quadros clínicos produzidos pela picada do animal. 

BARBARO et ai. (1995) estudaram o veneno de L gaucho e entre as 

enzimas presentes, encontraram a hialuronidase e a esfingomielinase D, 

atribuindo a estas a responsabilidade principal pelo quadro clínico de 

dermonecrose e o óbito dos animais em experimentação. Os estudos realizados 

com o veneno da L. faeta mostraram resultados contraditórios, em relação ao 

efeito do mesmo sobre glóbulos vermelhos. KENIERIN et ai. (1975) não 

constataram o efeito \ítico do veneno sobre hemácias humanas e de outros 

animais, ao contrário dos resultados obtidos por outros estudos que mostraram o 

aparecimento de anemia hemo!ítica, correlacionada com a esfingomielinase O. 

Esta enzima agiria degradando a esfingomielina (componente da 

membrana do eritróclto),e esta reação seria dependente de Ca++ e pH ótimo de 

7,1 (FORRESTER et ai., 1978; KURPIEWSKI et ai., 1981; REKOW et ai., 1983; 

REES et ai., 1988 ). 

Além desses efeitos, a provável ação do veneno sobre a atividade 

ATPásica da membrana celular e consequentemente, sobre o mecanismo de 

troca de íons foi discutida por SUAREZ et ai. (1971). Esta constatação, parece ter 

sido corroborada pelos trabalhos realizados pelo Ministério da Saúde do Brasil 

em 1992, que sugerem que este efeito possa contribuir para a atividade 

hemolftica do veneno, pelo aumento do fluxo de liquido para o interior da célula 

(BRASIL,1992). 

Em estudos que comparam a capacidade hemolítica do veneno da L. 

rufipes sobre hemácias de diferentes espécies animais (KELEN et ai., 1960/62), 

mostrou-se que o veneno da L. rufipes hemolisou com intensidade eritrócitos 

humanos e de bovinos. Tal situação, porém, não se repetiu em eritrócitos de 

outras espécies como cão, cavalo, coelho, cobaia, rato e camundongo. 
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Essas diferenças, evidentemente, podem estar relacionadas ao tipo de 

metodologia empregada, à técnica de extração do veneno, à sua estocagem e, ao 

pH e composição de eletrólitos das soluções experimentais utilizadas, além de 

outros fatores correlatos (BRAVO et ai., 1993; SATAKE, 1994). 

Alguns estudos foram realizados com ênfase na imunologia do veneno da 

Loxosceles. Entre estes estão os realizados por BRAVO et ai. (1993), que 

afirmam ser o efeito hemolitico do veneno independente da ação de anticorpos. 

Ainda foram feitos experimentos para avaliar o efeito de frações protéicas do 

veneno, supostamente tóxicas, influenciando na fisiologia dos neutróf~os e na 

ação do complemento. Nestes estudos o veneno da espécie L reclusa demostrou 

capacidade de inibir a quimiotaxia dos neutrófilos. No entanto, nenhuma alteração 

foi observada quanto à capacidade fagocrtária destas células. Este estudo ainda 

encontrou alterações na eficiência dos mecanismos de coagulação, por induzir a 

diminuição do complemento sérico, o prolongamento do tempo da atividade 

parcial da tromboplastina e redução em 44% dos fatores de coagulação XII, XI, IX 

e VIII. O tempo de protrombina do plasma foi também prolongado de 1,5 a 2,0 

segundos (BABCOCK. 1981; BABCOCK et ai., 1986). Mais recentemente, nosso 

grupo de trabalho pode mostrar que o veneno tem princípios que atuam 

diretamente sobre células endoteliais de vasos sangüíneos (VEIGA et a/., 2001) 

além de degradar membranas basais e o fibrinogênio (VEIGA et ai., 2000 e 

ZANETTI et ai., 2002). Tais ações deletérias do veneno parecem ser decorrentes 

de metaloproteases presentes no mesmo (FEITOSA et a/., 1998; VEIGA et ai., 

1999 e DA SILVEIRA et a/., 2002). 

Contudo, tais estudos são muito preliminares para explicar em definitivo, o 

processo de estabelecimento e evolução dos quadros clínicos produzidos pelo 

veneno de L intermedia . 

Os venenos aracnídicos em geral consistem de misturas de proteínas com 

ações enzimáticas ou tóxicas. BARBARO et al.(1994a) e BARBARO et ai. (1994b) 

compararam a reatividade cruzada dos venenos das diferentes espécies de 

Loxosceles mostrando, por análises em SDS-PAGE, que os venenos das 

aranhas L. gaucho, L intermedía e L Jaeta possuem pelo menos 9 bandas 
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protéicas, estando as principais localizadas na faixa de 32 a 35 kDa. O isolamento 

e caracterização destas frações protéicas é objetivo perseguido por vários 

pesquisadores, num esforço para detectar as bases moleculares da ação do 

veneno produzido por estes animais. 

No entanto, outros animais peçonhentos de importância médica, possuem 

venenos que são também muito estudados, na tentativa de se esclarecer tanto a 

composição bioquímica, quanto a atividade biológica dos mesmos. Assim, alguns 

estudos desenvolvidos com venenos de cobras, demonstraram a presença 

abundante de enzimas proteolíticas em sua composição, mostrando que estas 

podem influir na toxicidade desses venenos. Isto é válido principalmente para a 

família Crotalidae e Viperidae (KINI, 1995). 

Os componentes da matriz extracelular são alvo de atividade para algumas 

das proteases presentes em venenos de cobras, que por esta ação produzem 

vários efeitos nocivos (principalmente os ligados à hemostasia), destacando-se a 

degradação proteolitica dirigida sobre moléculas da matriz extracelular solúveis no 

plasma, como a fibronectlna e o fibrinogênio (WILLIANS et ai., 1983). Existem 

estudos que afinnam ser este tipo de degradação o responsável pelos distúrbios 

hematológicos apresentados em vários tipos de acidentes com ofídios (ARAGON

ORTIZ and GUBENSEK, 1987; HITE et ai., 1992; BODE et ai., 1993; GUTIERREZ 

et al.,1995), principalmente quando envolvem enzimas do tipo metaloproteases. 

Dentre a família de metaloproteases, dois tipos de moléculas merecem destaque, 

pela importância e prevalência dos estudos: as metaloproteases de matriz 

extracelular e as reprolisinas. Estas moléculas são endopeptidases que 

caracterizam-se por clivar praticamente todas as moléculas da matriz extracelular. 

Podem atuar sobre a regulação e organização das moléculas da matriz 

extracelular, influenciando assim, todos os processos nos quais estejam 

envolvidas, entre eles, o desenvolvimento de processos fisiológicos e patológicos 

nos tecidos, a participação na reestruturação tecidual em doenças invasivas como 

o câncer ou degenerativas como periodont~es, artrites e osteoporose (BIRKEDAL

HANSEN et ai., 1993). Elas são secretadas na matriz sob forma "latente" e são 

ativadas através de quebra proteolítica nos domínios pró-peptídícos, mais 
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especificamente sobre pontes de cisteína e, para isso, requerem a participação de 

íons de metais bivalentes. 

Estudos realizados até os dias atuais mostram que o veneno de 

Loxosce/es intermedia é rico em proteínas com atividades enzimáticas e pode ser 

comparado a alguns venenos de cobras, onde os estudos demonstraram a 

presença abundante de enzimas proteolíticas em sua composição (MARTINEZ

VARGAS, 1987). Entre elas foi descrito uma esfingomielinase de 32 kDa 

envolvida aparentemente na agregação plaquetária (KURPIEWSKI et ai., 1981) e 

outras moléculas de 33, 34 e 35 kDa associadas com atividades nocivas do 

veneno (BARBARO et ai.. 1992; GEREN et ai., 1976; TAMBOURGI et ai., 1995; 

FEITOSA et ai., 1998; VEIGA et ai., 1999 e DA SILVEIRA et a/., 2002). O veneno 

contém ainda outros fatores hemorrágicos, uma metaloprotease de 20-28 kDa 

(loxolisina A) com efeitos sobre a fibronectina e o fibrinogênio e uma 

metaloprotease gelatinolitica de 32-35 kDa (loxolisina 8) provavelmente associada 

com a atividade dermonecrótica do veneno (FEITOSA et ai., 1998). 

QUADRO ClÍNICO CAUSADO PELA PICADA DE Loxosceles intermedia 

O quadro clínico produzido pelo envenenamento é genericamente 

denominado como Loxosce!ismo e pode variar em função de fatores ligados ao 

estado geral do indivíduo envolvido no acidente como seu estado nutricional, 

suceptibilidade ao veneno e idade, como também a quantidade de veneno 

inoculado, o local da ptcada e o tempo decorrido até a tomada de medidas 

terapêuticas (GAJARDO-TOBAR, 1966; SCHENONE and LETONJA,1975; 

BARBARO et ai., 1994b). 

O envenenamento causado pela picada da Loxosceles pode estabelecer, 

em geral, dois tipos de quadros clínicos: quadro cutâneo ou dermonecrótico e 

quadro cutâneo-visceral ou sistêmico. 

O quadro cutâneo caracteriza-se por uma lesão dermonecrótica saliente, 

que evolui a partir do local da picada e representa em média 80% das formas de 
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Loxoscelismo (SCHENONE and LETONJA, 1975; MART1NEZ-VARGAS,1987; 

SCHENONE et ai., 1989). 

CAVENESS em 1872, descreveu as primeiras caracteristicas de uma lesão 

cutãnea atribuida ao veneno da 'aranha-marrom". Contudo somente em 1947 

foram publicados outros relatos que correlacionavam lesões necróticas à ação do 

veneno desta aranha (MACClAVELO, 1947). O reconhecimento definitivo da ação 

patogênica do veneno só foi feito em 1957, a partir de estudos sobre lesões 

necróticas produzidas pela espécie L. reclusa (ATKINS et ai., 1957). 

Durante muito tempo, as lesões produzidas pelo veneno de Loxosce/es sp. 

foram atribuidas as aranhas do gênero Lycosa (BRAZlL and VELARD, 1926). No 

entanto, avaliações clinicas mais detalhadas e estudos experimentais mais 

controlados, levaram a constataçao de que algumas caracteristicas dos acidentes 

loxoscélicos, como. por exemplo, a lesão dermonecrótica, mostravam ser 

específicas do gênero e que os sinais clínicos apresentavam evolução diferente 

daqueles atribuídos a outros aracnídeos. 

Uma importante característica do quadro de Loxoscelismo, é a dor, que 

aparece no quadro cutâneo e é relatada como "queimação" ou ardência, 

evidenciando-se horas após o acidente, e se acentuando com o passar do tempo. 

Esta dor, é geralmente acompanhada de prurido, edema e eritema. Em seguida. 

pode surgir uma lesao de 1 a 30 em de diâmetro, circundada por um halo 

vermelho e zonas pálidas. denominada de "placa marmórea". 

Conforme relato de vários autores, a lesão do loxoscelismo, pode evoluir 

para a formação de úlcera necrótica ou "mancha gangrenosa", que por ser de 

difícil cicatrização, necessita por vezes, que o tecido necrosado sofra excisão e 

cirurgia reparadora subsequente. Em algumas situações, apesar da aplicação de 

tais procedimentos, a incapacitação permanente do membro afetado pode 

ocorrer, devido a grande evoluçao da lesão dermonecrótica (GAJARDO-TOBAR, 

1966; SCHENONE and LETONJA, 1975; BARBARO et al.,1994a; BARBARO et 

ai., 1994b). 
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Quadro Dermonecrótico 

Aspecto Inicial da Lesão Aspecto Avançado 

Pacientes portadores de !oxoscelismo por L. reclusa, mostraram em 

biópsias, a presença de células inflamatórias, vasodilatação, degeneração da 

parede dos vasos sanguíneos, hemorragia na derme e tecido subcutâneo. Além 

disso pode ser observado o acúmulo de leucócitos polimorfonucleares, necrose e 

formação de abcessos, que podem ocorrer 3 a 5 dias após o acidente (SMITH et 

ai., 1970 ; FUTREL, 1992). Estudos da histopatologia experimental em coelhos, 

realizados por nosso grupo, confirmaram que, para a L. intetmedia (aranha 

marrom que prevalece em nossa região), os processos hemorrágico e inflamatório 

são conservados e aparentemente idêntico aos causados pela L reclusa 

(OSPEDAL et a/., 2002). 

Deve-se salientar, além disso, que dados disponíveis na literatura em 

relação à ação dermonecrótica do veneno de aranhas deste gênero (REES et ai., 

1988), bem como análise dos acid~ntes ocorridos especificamente com a espécie 

L intennedia na cidade de Curitiba, alertam sobre o fato de que o problema 

resultante da picada pode durar vários anos (há relatos de até oito anos), sendo 

que, em muitos casos, há recorrência freqüente, de difícil controle médico. A 

agressão causada ao acidentado, embora raramente mortal, pode produzir, 

assim, ferimentos por longos períodos de tempo, com ulcerações cutâneas 
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persistentes. Além disso a necrose que poderá formar-se é determinante para o 

advento de outros problemas, como por exemplo, a contaminação secundária da 

ferida por agentes bacterianos e fúngicos patogênicos, como recentemente 

mostrado por nosso grupo (MONTEIRO et a/., 2002). 

Como a biologia e a bioquímica do veneno dessa aranha (L intermedia) 

são quase que totalmente desconhecidas, o diagnóstico do acidente tem sido 

difícil e o tratamento realiza-se, via de regra, sem bases científicas sólidas. Não 

se sabe, por exemplo, qual (ou quais) das frações do veneno total é (são) a (s) 

causadora (s) dos problemas decorrentes da picada. Ver~ica-se assim, que os 

cuidados médicos são realizados em bases ainda bastante empíricas, com todos 

os problemas que daí podem advir ao paciente. 

O quadro conhecido como cutâneo-visceral é menos freqüente, 

representando em média 14% dos casos e com evolução ocorrendo geralmente 

nas primeiras 24 horas pós-acidente (SCHENONE and LETONJA,1975; 

MARTINEZ-VARGAS,1987; SCHENONE et ai., 1989; COUTINHO, 1996). Este 

inclui o aparecimento de astenia, febre, emese, cefaléia, alterações sensoriais, 

insônia, podendo chegar eventualmente ao coma. As manifestações sistêmicas 

incluem alterações no quadro hematológico, podendo levar à coagulação 

intravascular disseminada (CIO), agregação plaquetária e anemia hemolítica 

(FORRESTER et ai., 1 978; BASCUR et ai., 1982; RESS et ai., 1 988). 

Estudos histopatológicos analisaram efeitos do veneno da "aranha

marrom", e nestes foram observados a oclusão de vênulas e artérias, tanto em 

lesões humanas como em coelhos. Além disso, nos pacientes que foram a óbito 

em conseqüência de loxoscelismo sistêmico, as autópsias realizadas, mostraram 

alterações degenerativas nos parênquimas de vários orgãos. Edema, congestão, 

hemorragia e erosões da mucosa digestiva, estavam presentes e associadas a 

estas lesões, além de lesões tubulares renais do tipo nefrose hemoglobinúrica 

(PIZZI, et ai., 1957; SCHENONE and LETONJA, 1975; SCHENONE et ai., 1989). 

PIZZI et ai. (1957) ver~icaram que em órgãos como o pulmão, fígado e rins 

ocorriam efeitos sobre o sistema de vasos sanguíneos (vênulas e artérias). 

MARTINEZ-VARGAS, 1987 relata que em 62% dos casos de loxoscelismo 



25 

cutâneo-visceral, o rim acha-se comprometido, atingindo o estado de insuficiência 

renal aguda (IRA). A taxa de mortalidade mais elevada foi encontrada naqueles 

pacientes nos quais procedimentos dialíticos não foram realizados e estes, 

apresentaram com frequência padrões histológicos característicos de necrose 

tubular aguda. Recentemente foi demonstrado por COUTINHO (1996), que a 

inoculação de doses sub-letais do veneno em ratos exercia evidentes influências 

nas condições fisiológicas e estruturais normais do rim, que poderiam induzir ao 

quadro de IRA. Nos animais inoculados, verificou-se a presença de hemólise 

intravascular, diminuição do hematócrito e elevação dos niveis plasmáticos de 

bilirrubina. 

Esse procedimento também afetou a integridade estrutural do epitélio 

tubular, onde foram encontradas lesões degenerativas, com a presença de 

necrose, células hipertrofiadas e intensa vacuo\ização citoplasmática. As alças de 

Henle, não apresentaram alterações significativas naquele estudo. Com relação 

aos glomérulos foi observada hipertrofia das células da membrana parietal, além 

de descamação celular. Este quadro histológico é conhecido também para casos 

de envenenamento humano com animais peçonhentos de outras espécies 

(LIMA, 1966). 

Estes dados levam a crer na possível atividade hemolítica do veneno. 

BASCUR et ai. (1982), estudando o eferto do veneno de L laeta sobre a 

coagulação, demonstraram a queda nos valores do fibrinogênio e aumento dos 

produtos de degradação da fibrina, efeitos estes encontrados na manifestação da 

coagulação intravascular disseminada (CID). COUTINHO (1996) afirma que o 

efeito hemolítico contribui decididamente na injúria renal, sugerindo que a 

presença de aglomerados de hemoglobina livre, precipitados ao longo do néfron, 

possam retardar o fluxo do fluido tubular e produzir uma resposta patológica, 

representada pela redução do ritmo de filtração glomerular, desencadeando a IRA 

Sabe-se que as membranas basais desempenham diversas funções vitais, 

tanto em tecidos embrionários, como em adultos, em condições normais e 

patológicas. No caso específico da membrana basal glomerular, está 

estabelecido que a mesma age como uma barreira seletiva, regulando a filtração, 
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tanto em carga, quanto em tamanho de moléculas do plasma que passam para o 

espaço urinário; e que os sítios aniônicos regularmente distribuídos na mesma 

são representados por proteoglicanos e glicosaminoglicanos. principalmente 

heparan sulfato e ácido hialurônico. Estudos mostram que a remoção enzimática 

do heparan su~ato e não do ácido hialurônico, pode produzir alterações na 

permeabilidade da membrana basal glomerular (KANVAR and FAQUHAR., 1979). 

Assim, a ausência de proteoglicanos ou um bloqueio de suas funções, influencia o 

processo de filtração renal, levando em geral a situação de proteinúria. Dados 

recentes do nosso grupo, mostram que o veneno degrada heparam sulfato 

proteoglicano "in vitro", podendo assim justificar molecularmente alguma ação 

renal (VEIGA el ai., 2000) 

No estudo realizado por COUTINHO (1996), verificou-se também intensa 

proteinúria nos animais envenenados, sugerindo-se que esta decorra de 

alterações na membrana basal glomerular, mais especificamente sobre a 

atividade seletiva exercida por esta em função da presença de sítios aniônicos 

existentes na mesma. Dados experimentais, obtidos em estudos-piloto, em nosso 

laboratório, com o veneno de L. intermedia, indicaram a existência de proteínas 

catiônicas, quando o perfil eletroforético do veneno foi ensaiado utilizando-se 

técnicas de focalização isoelétrica (IEF e SDS-PAGE). Assim, o efeito tóxico neste 

caso, seria traduzido por uma desorganização eletrostática da membrana 

glomerular e o processo de filtração seria prejudicado, levando à excreção de 

proteínas plamáticas que, no plasma, ex<bem carga negativa (DE BARROS SILVA 

et ai .. 1992). 

Trabalhos claramente conclusivos demonstram que o proteoglicano 

envolvido nos processos filtrantes da membrana basal glomerular é um heparam 

su~ato. KANVAR and FAQUHAR (1979), em trabalho clássico, comprovaram 

essa situação. 

Além do proteoglicano heparam sulfato, há outros componentes da 

membrana basal glomerular que devem ser observados nas situações, onde a 

mesma sofre processos agressivos. Trata-se das glicoproteínas laminina, 

colágeno tipo IV, entactina e a fibronectina. São macromoléculas que 
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desempenham uma ativa função, tanto fisiológica quanto estrutural. Na literatura 

consultada não hã estudos conclusivos a respeito da relação entre os venenos e 

tais glicoproteínas. Considerando-se que, em cerca de 9% dos casos de 

loxoscelismo, ocorre IRA, é lícito supor que uma das estruturas que certamente 

sofrerá evidente agressão deverá ser a membrana basal glomerular. 

Como se percebe pelo exposto, estudos mais abrangentes são 

indispensáveis para se entender em maior profundidade e abrangência a 

biologia do veneno desse aracnídeo, a lesão dennonecrótica, bem como o 

quadro cutâneo-visceral. 

POTENCIAL BIOTECNOLÓGICO 

A utilização de venenos de animais peçonhentos ou toxinas purificadas 

destes venenos tem originado aplicabilidades biotecnológicas na indústria 

farmacêutica, além de ferramentas aplicadas nas diversas áreas da ciência. No 

caso dos venenos loxoscélicos, buscaremos identificar e aplicar 

biotecnologicamente algumas toxinas. Os peptídeos de baixa massa molecular 

podem ser modelos biológicos de inibidores ou afetares de canais iônicos. 

Algumas toxinas dermonecróticas poderão servir como ferramentas diretas ou 

modelos para desenho de drogas que atuem nos processo inflamatórios. Toxinas 

com atividades proteoliticas ou hialuronidásicas, poderão ter aplicabilidades em 

patologias obstrutivas. Dentro deste projeto, além dos objetivos já enunciados 

poderemos também, através de nossos resultados, chegarmos a algumas 

aplicabilidades biotecnológicas do veneno ou toxinas oriundas deste. 
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Abstract 

The brown spider. genus Loxoscefes, is becoming of great medical imporiance, with 
envenomation (Loxosce\ism) occurring throughout the world. The biological actívities of 
the brown spider venom usually include dennonecrotic lesions at the bite si te accompanied 
hy hemolytic and haemorrhagic cffects and a\so hy remtl failure. The objective of the 
present study was to describe thc histology of the vcnom gland of L. intermedia using 
glands from adult spiders which were investigatcd by light microscopy, usmg 
immunohistochemical and staining methods. by transmission e!ectron microscopy, and by 
scanning electron microscopy. The organization of the venom gland of Loxoscele,r; 
intermedia follows the general architecture of spidcrs' venom glands. Using light microscopy 
and transmission electron microscopy we observed that the venom glands of L. intermedia 
present two layers of striated muscle llbers. an externai layer and an internai \ayer in touch 
with an extracellular matrix which is a basement membrane structure and a fibrillar 
collagen matrix scparating the muscular rcgion from epithelial ce\b: of the venom gland. 
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Muscle cells are multinuc!eated, with nuclei peripherally placed and their cytoplasm rich in 
sarcoplasmic reticulum. myofihril!s and continuous Z !ines. By using scanning electron 
microscopy we can detect muscular cells from externai layer as hranching cells. Epithelial 
cells have their cytosol extremely rich in rough endoplasmic reticulum, mitochondria 
collection, Golgi apparatus. interdigitating memhranes and secretory vesicles that ultimately 
accumulate the venom. a complex protein mixture. :c 1999 Elsevier Science Ltd. Ali rights 
reserved. 

1. Introduction 

Many studies on venomous animais and their venoms have been published in 
the literature due to a direct connection of these venoms with many biological 
areas and to the pathological problems they may cause (Futrell, 1992; Bjarnason 
and Fox, 1995; Kamiguti et ai., 1996). 

The objective of the present study was to dcscribe the histology and 
ultrastructural cytology of the venom gland of L. intermedia spider. Very little is 
known about the biology o f this spider and the venom secreted by it. With respect 
to this. the present study is intended as a contribution to a more in~depth 

investigation o f these venomous animais. 
Spiders of the genus Lo:wsceles provoke clinicai signs and symptoms named 

Loxoscelism in victims of their bites. The skin lesions are characterized by 
dermonecrosis. erythema. edema and haemorrhage. \Vith the possible occurrence 
of local necrotic ulcers of difflcult cicatrization (Forrester et ai., 1978; Wasserman 
and Anderson, 1984; Futrell, 1992). The systemic effects of the venom include the 
appearance of fever and malaise and may lcad to hemolysis. disseminated 
intravascular coagulation, platelet aggregation and renal failure (Kurpiewski et a!., 
1981; Bascur et a!.. 1982; Rees et a!.. 1988; Futrcll. 1992). 

The high incidencc o f bites in humans is due to the E1ct that brown spiders have 
acquircd domiciliary hab1ts. Although the spidcrs are not aggressive they bite 
when compressed by people as thcy put on or take off thcir clothes (Lucas, 1988; 
FutreiL 1992). 

Spiders of the genus Loxosce/es range 8-15 mm in hody length and their lcgs 
measure H-30 mm. They are scdentary and have night habits. They buiid irregular 
webs that look likc cotton thread. They eat little insects and reproduce easily even 
in unfavorable cnvironments (Hite et ai.. 1960; Futrell. 1992). They can withstand 
tempcratures ranging from 8 to 43 'C. with the occurrence o f bites bcing highcr in 
the hotter months of the year (74%). Both males and females are venomous and 
th~y can survivc up to 276 days without water or food tLowrie. 1980; Gcrtsch and 
Lennik. 1983; FutreiL 1992). 

Martinez~ Vargas ( 1987) reported that the venom is produced b~ apocrinc glands 
situated in thc cephalothorax which communicate with the outside through two 
ducts that lead into the inoculator apparatus formed by a pair of che.Jlcerae. The 
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venom is essentially of a protein nature, with enzymatic or toxic features and can 
be compared to the venom of snakes, which has been shown to contain severa! 
different enzymes in its composition (Futrell, 1992). 

The venom of the brown spider is formed by many enzymes, among them a 
sphingomyelinase of 32 kDa, apparently involved in platelet aggregation 
(Kurpiewski et ai., 1981) and other molecules of 33, 34 and 35 kDa related to 
harmful activities of the venom (Geren et ai., 1976; Barbaro et aL 1992; 
Tambourgi et aL 1995; Feitosa et ai., 1998; Veiga et ai., 1999). The vcnom also 
contains other active factors, a metalloproteinase of 20-28 kDa (loxolysin A) with 
fibronectinolytic and fibrinogenolytic effects and a gelatinolytic metalloproteinase 
of 32-35 kDa (loxolysin B) probably associated with the dermonecrosis and 
haemorrhagic effects (Feitosa et ai., 1998). In a study of the oligosaccharide 
profile of glycoprotein constituents of L. intermedia venom, it was verified that the 
venom has severa! proteins post-translationally modified by asparagine-linked 
sugars and at least one glycoprotein with serinejthreonine-linked sugars, with N
linked sugars playing a role in the gelatinolytic effect of loxolysin B and also 
playing an important role in the dermonecrotic effect of the venom (Veiga ct ai.. 
1999). 

In the present report, we describe the venom gland of L. intermedia submitted 
to morphological, ultrastructural and immunological investigations. This technical 
information could be important for a better understanding of loxoscelism, 
providing some basis for the knowledge of this type of envenomation. 

2. ,\llaterials and methods 

2.1. Animais 

Adult L. imermedi{l were collected in the city o!' Curitiba and in its 
surroundings (Paranú, Brazil). Spiders \Vere anesthctizcd with chloroform (Mcrck. 
Rio de Janeiro) and the venom gland was rcmoved for histological and 
ultrastructural examination. 

2.2. Histo/ogica/ methodsjbr /ight microscop_r 

Venom glands were fixed in Carnoy"s solution (Bcçak and P;w\cte. 1976) f'or 2 
h. dehydrated in an ethanol (Merck) scrics, cleared in xylene (Merck), embedded 
in paraffin (Merck) and cut into 4 1-1111 thick sections. Thc sections were staincd 
with hcmatoxylin and eosin (Merck), periodic acid-Schiff (PAS. Merck. McManus. 
1948), a\cian blue (Merck. Beçak and Paulete. 1976) and picrosirus (Mcrck. 
Junqueira et ai.. 1979). 

2.3. lmm111wh istochem i cal ana/_1 ·sis 

Paraffin sections mounted on glass slides were deparatnnizcd in xylcne overnight 
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and rehydrated in a graded ethanol scries and watcr. The sections werc thcn 
washed with PBS. incubated in 3% H,O, (Merck) at roam temperature for 15 
min to inhibit the activity of endogenous peroxidase, washed with PBS, and 
nonspecific protein-binding sites were blocked with I% bovine serum albumin 
(Sigma. St. Louis) in PBS at room temperature for 30 min under humidified 
conditions. After washing in PBS. sections were incubated for 2 h at 3TC with a 
primary polyclonal anti-laminin antibodies diluted I :500 (a gift from Dr. R. R. 
Brentani. Ludwig Institute for Cancer Research. São Paulo. Brazil) or primary 
polyclonal anti-entactin antibodies (Rb 2 :X-ET), diluted 1:500 (produced in our 
laboratory using purified EHS-entactin, as described Harlow and Lane. 1988), or 
prímary polyclonal antibodies agaínst crude venom diluted I ::250 (a gift from Dr. 
C.C. Olórtegui. from Fundação Ezequiel Dias. Belo Horizonte, Brazil). Excess 
antibody was removed with PBS and then the materiais were incubated with goat 
anti rabbit IgG peroxidase conjuga te (Sigma) diluted 1: I 00. Following further 
washing 1t1 PBS, diaminobenzidine (Sigma) was used to visualize the 
immunoreactivity. Sections were washed in PBS and water, dehydrated in ethanol. 
deared in xylene. and mounted in Entellan (Merck). Negative control reactions 
were performed hy incubating the sections with pre~immune scrums diluted in 
PBS under the same experimental conditions as described for hyperimmune 
serums. 

1.4. Transmission e!ectron microscopy 

For dectron microscopy thc vcnom glands wcrc fixed in modified Karnovsky's 
tixative ( Karnovsky, 1965: Gremski and Cutlcr. 1986) for 1 h. After fixation. the 
tissucs \Vere vvashcd in 0.1 M cacodylic acid huffer (EMS. fort Washington). pH 
7.3. postfixcd in I% Os04 ( Polyscicnces. Warrington) in 0.1 M cacodylic acid 
butfer. pH 7.3. fOr I h. dchydratcd with ethanol and propylene oxide (Mcrck). 
and cmbcddcd in Epon X!2 (EMS). Thin scctions and ultrathin sections wcre then 
nbtaincd with a diamond knif'c on an LKB ultramicrotomc. Thin scctions werc 
staincd \\"Ith toluidinc blue (Merck) <Jnd examincd by light microscopy. Ultrathin 
sections were contrastcd with uranyl acctate (Mcrck) and lcad citratc (Merck) and 
cxamincd in a JEOL-JEM 1200 EX Il transmission dectron microscope at an 
accclcrating voltage o f XO k V. 

].5. Scumung clectron micro.\·cop_r 

Venom glands \Vere fixcd in modillcd Karnovsky's fixative (Karnovsky. 1965) 
ror 2 h. Arter fixation. the tissues wcrc \Vashed in 0.1 M cacodylic <.lnd hulfer. pH 
7.3. and postfixcd in I% Os04 in 0.1 M cacodylic acid buffer. pH 7 .. 1. rnr I h. 
Thcy wcrc thcn dchydrated in cthanot. critical-point dried. sputter~coatcd with 
gold and examined with a MEY XL-30 Philips scanning electron nH:ro~.cupe. 
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Fig. l. Hematoxylin-eosin staining and venom immunolabcling of L. inlermn!ia gland sectíons. The 
venom glands are similar in architecture to lhose of other spidcrs. The secrctory epithclium (~ll'I'OWs) 

and two layers of muscular tis.sue (M) can be seem. The venom (\') 1s aecumulatcd insidc of gbnd (A) 
longitudinal scct1on (nHgnification IOOx) and cross-section {B) (magnitication 200x) or glands ~tained 
\VÍth H.E. (C) dcp1cts ;ln msert of a longitudinal section stained with hcmatoxylin at a highcr 
magni[·icatíon (400x}. where we can observe some characteristics of epithelium c1s símplc. 
mononucleated. wíth basal nuclei (arrow) and 1111 hyperactive cytopkt~m (arrow hcad.s). Muscul;tr ti~suc 
(Ml <l11d thC! lumen of gland {V) can a\so be obscrvcd. (D) and (E) (magnifk<ltion ::!OOx) ~how 

longitudinally scctioned gland. immunolabelled with antibodics aga1nst crudc \'cnom (arrow hc~1dsl. M 
n:prcscnts lhe posítion ot· muscular tissue (0). and the snmc rc:Jction u~1ng prc-1mmunc scrum (El. 

3. Results 

3.1. Histological ana/ysis (~lthc rcnom glcmds (~l L illlcnnedia hy /ight microscopy 

Examination of L intermedia venom gland sections stained with hematoxylin 
and cosin showed that they have two layers of striatcd muscle fibers, one externai 
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Fig. l (cmuinued) 

\ayer and one internai layer in touch with an underlying structure that scparatcs 
thc muscular region from the epithelial region of the Yenom gland (Fig. lA and 
BL resting internally on the sccretory epilhelium. that is a Silll[lk glar;du!ar 
epithelium, mononuclcated cells, with its nuc\ei aligned reripher.dly i~ 1 :tccd ch1se 
to the underlying tissue (that separates epithc\ial from muscular ceils). Through a 
longitudinally sectioned vcnom gland stained with hematoxy\iJ·, it-· 'lt•"Sible to 
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Fig. 2. Morphological :1nd ultrastructural dcscriptíon of musck cclb from L. imermcrlia n:;num g:Lu1d. 
Thc vcnom g:lands ;m:: bulbous in shapc. (Â) depicts scanning ckctron micrograph o f a w:nom g:lanJ ~11 

a mugnilication of 70 x . Thc g:land is covcrcd with muscle bundles th;ll completcly cnc:tpstdatc it. Thc 
~tsterisk rcg10n ~~ ~hown ;\l a highcr magnd'u:ation (325x) where \\·c obsen·c these muscular cclh .1~ 

branching cclls ( B). (C) shows :1 longitudinally ~ectioncd gland st;uned with hcmatoxylin and cosin at ~~ 

magnification of 630 x . M represents thc muscular tis:.ue. arrow ht:1ds point nudci pcnphcrally plac..:d. 
Mrow points lhe cpithelium and V represcnts thc lumcn of thc gbnd. (D) and (f) reprcsent 
transmission ck:ctron milTographs o f il muscular ccll longnudin;d]y st:ctioncd. whcrc :1 pcnphcr~ill_\ 

pluceJ nuckus (do~cd arrow) can bc sccn. Closcd :IITOW hcads rcprcsent continuous Z !ines :1nd up.:n 
arrow he;Jds rcpt-cscnt striatcd myolllaments at a magni!ication or 4600x (0). (E) ~hows a musculat· 
tissue scction at a highcr magnification (JO.OOOx ). Thc closed ;ltTO\\" ~hows longitudinall~ placcd 
myofibrils ;1nd the closed <liTOW head depicts cross-scctioncd myofilaments at thc same section. ~11 right 
angles to onc anothcr. supporting two muscular !aycrs :~t the samc tissuc. one placcd pcrpcndicubr tn 
anothcr. Thc open arrow n::presents smooth endoplasmic rcticulum (s:tn.::oplasmic n::ticu!um). 
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Fig. 2 (coll!inued) 

Fig. 3. Ultrastructur<~l description of epithelial cells from L. imennedia venom gland. (A) depicts a 
cross-sectioned gland venom of L. intcrmedia observed through tnmsmission electron microscopy at a 
magnification of 6400 x . M represents muscular tissue. arrows show the underlying tissue that 
separates the muscle arca from the secretory epithelinl cells (ec). wherc lhe nuclei (N) cnn bc sccn and 
deposit of venom at the lumcn of the epithelial cclls (V). (B) Epithelial cclls present a lengthened 
nucleus (N) located dose to their basal portion. M represents muscle tissuc. arrows depict the 
underlying structure that separates epithelial cells from muscle cells and i represent interdigitating 
epithelial cell membranes (magnification 14.000x}. (C) Epithelial cytoplasm is rich in rough 
endoplasmic reticulum (er). mitochondria collcctions (mt) and venom gr4nules (g) (magnification 
IO.OOOx). (D) "Golgi apparatus (Ga) and secre"tion vesicles (Se) are casily recognized (magnification 
36.000x). Eiectron micrographs of the L. intcrmedia venom gland suggest that the secretion mechanism 
is of the holocrine type. (E) depicts some epithelial cells (ec) adhered onto underlying tissue (arrows) 
and other epithelial cells undergo a degeneration. where we can observe detaching cells from underlying 
tissue (arrow heads). m represents muscular tissuc and V depíct venom deposits (magnification 2600x). 
Cell debris (Cd) are shown eliminated with the venom secretion (F) (magnification 6800x). 



V L1ícia P. dos Sumos r: r a/. · To.úcon 38 ( 2000 J 265-285 273 

.... ... 

Fig. 3 ( Caplion opposile) 



274 V. Lúcia P. dos Samos t'l a/., Toxicon 38 r 1000) .?65-185 

Fig. 3 (cominut'c{) 
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Fig. 3 (CIIII/illlll'(l) 
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obscn·.; th:11 cp1thdial cdl cytopl<lsm are arrangcd s1de by sidc conta1mng 
projectíons toward the lumcn of g.land what suggcst hypcntctivity (Fig. !C). Thç 
lumen of the gland is rich on sccretory vcsicles containing vcnom comprovcd 
through an immunolabclling using a polyclonal <lntibody agmnst crudc venom 
( Fig. I D and E). 

3.:!. Morphologr('(l/ mulullntslmc/urol s/udies o(musc/c ci!lls fi·mn L imermedia 
renom glands hy /ighl. snmning wul /nli/SIIIi.\'Sion eleclrml miao.1·copic.1· 

The results obtaincd by scanning electron microscop~ show that L imemlnfia 
\'enom gland is bulbous in shape (Fig. 2A). B!ocks of musck: bundlcs comp\ctely 
cncapsulating thc gland can also he obscrvcd. wc c1n conclude that externai 
muscuhlr venom gland cclls are branching cells 111 morphology (Fig_ 28). By using 
gland sections staincd by hcmatoxylin and eosin wc can sec thcsc muscular cells as 
transverscly striatcd. multinuclcated with the nuclci pcriphcrally aligncd (Fig. 2C). 
Through transmission electron microscopy micrographs wc can scc thCSL" muscular 
cells with longitudinally aligncd nuclci. The myo!'ilamcnts form dcfined 
sarcomercs, delimited by continuous Z !ines. Musclt.: cdb dcpict in ib cytoplasm 
hundlcs with a largc numhcr of co-aligncd myofilamcnls (Fig. 20). thc~c musck 
!llaments seem to bc relalcd lo conlractility and rcprcscnl thc major cytoplasmic 
conlenl of muscle cclls. Wc can observe perpendicular arrangcmctll of íilamctlls at 
the same sectioncd material. corroborating the two layl'"rs of strÍ<llcd musde cells 
dcscribed in Fig. I and a large number of smoolh rcticulum (sarcoplasmatic 
rcticulum) (Fig. 2E). 

3.3. \.forphologycal mulultm.\'ll"llctura! sTUdies f!(epithelial cel/.1'_/i"om L. intcrmedia 
re1wm glands by transmission e!ec1ron microscopy 

The secretory epithelium of L. intermedia vcnom glands is formed by a simple 
glandular epithelium (Fig. JA). The cells present a lenglhened nucleus placed dose 
to their basal ponion (Fig. JB), their cytoplasm is rich in rough cndoplasmic 
rcticulum, contain collections of mitochondria (Fig. 3C), Golgi apparatus and 
many interdigitations are observed among thc cells. increasing the surface of the 
secretory cells (Fig. 3D). In lhe apical region of the cells near the gland lumen 
there are many secretory granules of different sizes and electron densilics (Fig. 
3D). The products of secretion are kcpt in pockets limited by cytoplasmic 
membranes (Fig. 3E). Transmissiom electron micrograph of epithelium venom 
gland shows severa] epithelial cells adhered to underlying tíssuc that separate these 
cells from muscle and other cpithelials cells undergo a degencration (Fig. 3E and 
F) and being eliminated among products of venom secretion (Fig. 3F), suggesting 
a holocrinc mechanism controlling venom secretion. 



V Lúcia P. dos Santos r! I a/. : Toxico11 38 ( 2000; :!65 -285 277 

3.4. Molecular analysi.\" ol the underlying structure betH·een epithelial and muscular 
cells 

We analyzed the structure that separates the muscle tissue from the secretory 
epithelial tissue in the gland. 

Fig. 4A shows gland sections where this underlying structure is visualized by 
periodic acid-Schiff (PAS) staining, a technique widely employed to demonstrate 
the presence of glycoproteins in histological sections. It is possible to observe the 
positivity o f this structure throughout its extension, showing a marked presence of 
oligosaccharide residues in this region of lhe gland. Fig. 4B depicts a gland section 
stained with alcian blue. The underlying structure was found to be positive to 
alcian blue. showing the presence of glycosaminoglycan sulfated residues in this 
region, colocalized \Vith the PAS positive structure. By using a monospecific anti
laminin polyclonal antibody (Fig. 4D) and a monospecific anti-entactin polyclonal 
antibody (Fig. 4F) we can see positivity for laminin and entactin in this 
underlying region, also colocalized together with the structures rich in 
glycoproteins and glycosaminoglycans (positive for PAS and alcian blue 
techniques). Fig. 4C and E represent negative controls for immunolabelling, where 
we used pre-immunc serums. Transmission electron microscopy permitted us to 
observe fibrils in this region suggesting it as of collagen (Fig. SA and B), what as 
confirmed by picrosirius staining. After polarization of light microscopy, we could 
detect the prcsencc o f these molecules in this underlying structure (Fig. SC). 

4. Oiscussion 

The venom glands of Loxosceles intermedia. a spider belonging to the suborder 
Labidognatha (Araneomorphae), family Loxoscelidae. are paired structures 
\ocated in the cephalothorax that communicate with the outside through two 
ducts that \ead into the inocu\ator apparatus. formed by a pair of chelicerae. 
These characteristics are also found in Latrodectus mactmzs (Smith and Russell. 
\967), Loxo.<Jcelcs reclusa (Foil et al.. 1979) and Ctnedus medius (Brazil and 
Vellard. 1925). araeneomorphae spiders. The venom glands of P/esiophirctu.s 
collinus. a mygalomorphae spider. are located dorsally in the basal artic\e of the 
chelicerae, between adductor and abductor muscles, and in Heteropoda J'elwtoria 
and Lycosa indaga.<.,·trix. araeneomorphae spiders. the venom glands are located in 
the cephalothorax. held up by the adductor and abductor muscles (Ridling and 
Phanuel. 1986). 

The position of the stings in the spiders allows us to divide them into two 
suborders: .A.raneomorphae whose stings inoculate vcnom perpendicular to the 
longitudinal axis of the body, and Megalomorphae. whosc stings are parallel to 
cacb other and to the a longitudinal axis of the body. Ali the species on the 
American contincnt that can cause human cnvenomation requiring specialized 
medicai treatment belong to the Araneomorphae suborder (Brazil and Vellard. 
\925: Soerensen. \996). 
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Fig. -+. \1olecu!ar <tna!ysi~ of the underlying tlssue between muscle and epithelium of L. inlernrcdiu 
n~nom gland (A) L.imermedia gland s.:ctions 1n~re ~tained 1\ith PAS. V\.-'.; can sce a ~tt·uctun: nch lll 

glycoproteins (arrows) (magnificatíon 400x l. (8) Alcian blue staíning at pH 1.0 of L. i11tcrmedia gland 
sections shows that the material reacted with the dyc (magnífi.cation 600x). The posnive reaction 
(arrm,sl demonstratcs the prcsence of ~ulfated glycosaminoglycans 111 this area. which colocahze 11·ith 
other g!ycoprotctns. ImmunohistocheJmcal analysis or L. inrermedi11 gland section~ using anti-laminin 
antiserum (0) {magnification 600x) and anti-entactin antiserum (F) (magnification 600x). The rc~ults 
sho1\ a positi1e pattern in the underlying region. mdicating that this is a basement membrane structure 
(arroll'il. (C) ,tnd (E) (;tt thc same magnificattons) <trc neg<ttive controls for immunolahelling reacttons 
using pre-mmmne serums. Arrow heads point the underly1ng structure position. 
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Diffcrences in the shape and position of thc gland in diffcrcnt spccies o f spidcrs 
have been dcscribed by Bertkau (l891). In the genus Atypus the glands are 
composite. in Fi/israra they are of the multilobular typc and in s·crrodcs thcy are 
bilobular. The vcnom glands of L. intenncdia are bulbous in shape (Fig. 2A). a 
characteristic also ohserved in L. reclusa (Foi\ ct ai.. 1979). Ycnom glands of 
cy\indrical shape are found in H. l'I!JWtoria and L. indagu.\'ll'ix (Ridling and 
Phanuel, 1986), as well as in L. mactans (Smith and Russe\L 1967). In Ctnedus 
mn/ius. a mcgalomorphae spider. the glands have the aspect ora sack (Brazil and 
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Vellard. 19:25), as aiso observed in the yellow scorpion, Buthus famu/us (K.anwar 
et ai.. 1981). In P. co/linus the glands are carrot-like in shape (Ridling and 
Phanuel. 1986). 

Anatomically L. intermedia venom glands present two layers of striated muscle 
fibers, an externai layer and an internai iayer in touch with an underlying 
structure that separates muscle cells from secretory epitheiium o f the giand (Figs. 
IC, 2C and E). The same is found in L. reclusa (Foi! et ai., 1979) and in C. 
medius (Brazil and Vellard, 1925). According to Ridling and Phanuel. 1986), the 
venom glands of P. collinus, H. venatoria and L. indagastn\· have two main iayers, 
the externai muscle iayer and internai secretory layer. L. mactans venom giands 
are covered by a layer of striated muscle fibers (Smith and Russe!L 1967). In B. 
famu!us, the venom glands are incompletely encapsulated by a muscle layer 
(Kanwar et ai.. 1981 ). 

In L. intermedia the muscular tissue that covers the venom giands is formed by 
muscle bundles with a large number of co-aligned contractile filaments; the 
microfilaments appear to consist of actin and myosin (Fig. 2E) and seem to be 

Fig. 5. Tran~Imssion clectron microscopy and picrosirius staining of the underlying tissue bctween 
musclc and epithclium of L inrermedia venom gland. (A) Through transmiss10n electron micrographs 
of a gland section (magnification 20.000x) we can observe lhe undcrlying tissue as rich in tibrillar 
~tructurcs (arrows). i\n insert of thcse fibrillar structures (arrow heads) C<tn be sccn at highcr 
magnification (36.000x) (B). We can condude that this fibrillar structurc Ís an extracellular matrix rich 
in fibrils. containing collagen (positive for picrosirius staining:. nrrows) (magnification 600x). that 
colocalized with thc basement membrane structure (C). 
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Fig. 5 (contilwCd) 

related to contractility, occupying most of the cytoplasm of the muscle cclls. The 
internai muscle fibers are presumably used to force the exit of the venom through 
the reduction of the contraction gland. The same description was reported for L. 
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reclusa (Foi! et al., 1979). L. indagastrix and P. co/!inus (Ridling and Phanuel. 
1986). In L. mactans, Srnith and Russell (1967) reported that the venom glands 
are covered by a layer of intrinsic muscle fibers which, when analyzed in cross 
sections, present muscle fibers running in a transverse slightly oblique direction. as 
well as a striated musculature with contracting units of myofibrils. 

The secretory epithelium of L. intermedia is of the simple glandular type (Fig. 
!C). The sarne type of epitheliurn is found in L. reclusa (Foi! et a!.. 1979). in H 
venatoria (Ridling and Phanuel. 1986) and in C. medius (Brazil and Vellard. 1925). 
In L. mactans many cell layers are found, varying in position and shapc (Smith 
and Russell. 1967). P. collinus and L. indagastrix have many basal processes that 
reach into the lumen of the gland, thus increasing the surface area to 
accommodate many secretory cells (Ridling and PhanueL 1986). In thc yellow 
scorpion B. júmulus the glandular epithelium has two types o f cells. small hasal 
cells and large columnar cells, the ma in cells that secrete the venom ( K<.lll\V<Jr et 
aL 1981). 

According to Foi! et ai. (1979), the epithelial cells that produce the \Cnom 111 

thc L reclusa gland have a basal nucleus, a cytoplasm rich in rough endoplasmic 
reticulum. mitochondria and Golgi bodies. The apical portion of thc~e cdls is 
filled hy a big vacuole, \imited by a thin cytoplasmic membrane. 

In L. inrermedia the cytoplasmic portions o f the epithelial cclls present a plasma 
membrane with invaginations. with a large amount of interdigitating cell processes 
increasing the secretory cetl surface, suggesting a high levei of cellular strcss 
caused by the dynamics of venom excretion (Fig. 30). The cells present a 
lengthened nucleus located near their basal portion. The nucleus contams a 
characteristic nwre electron-dense heterochromatin. that is visiblc in dose contact 
with the nuclear membn.tne (Fig. 3A and B). and a large quantity of euchromatin 
indicating a nucleus in intense synthesizing activity. Its cytoplasm is rich in rough 
endoplasmic reticulum. as well as in polyribosomes (Fig. 3C), organelles neccssary 
for the synthesis of proteins abundantly stored in the apical cytoplasm. This is 
coherent with previous reports showing that L. inrermedia venom is rich in 
proteins (Feitosa et aL 1998; Veiga et ai.. 1999). Many secretory vesicles (fig. JD) 
are also observed in close contact and near the prominent Golgi apparatus. which 
is present in the form of a squashed stack with a characteristic dilation in its 
edges. Golgi portions are easily recognized, and are responsible for post
translational modifications such as cleavage and glycosylation, in agreement \Vith 
our previous data showing that L. intermedia venom is rich in N-linked 
glycoproteins (Veiga et ai., 1999). Mitochondria of oval shape are distributed 
throughout the cellular axis, mainly in lhe apical central portion (Fig. 3C). The 
producb o f secrction are stored in pockets limitcd by membranes (Fig. JE). 

In L. l't'c!usa (Foi! et aL 1979) the apicnl portion and lateral surface of mature 
cells are limited by irregularly distributed microvilli. Keegan and Lockwood 
(1971) described the presence o f similar apical microvilli in the secretory 
epithelium of the venom glands of the scorpion Centruroides marx. These authors 
proposed that the microvilli can increase the cell surface as another pathway for 
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the release o r vacuolar secretory processes or to move the contents in the dircction 
o f the duct. These structures were not found in L. intermedia. 

According to some authors. in spiders of the genus Loxosceles the venom is 
produced by apocrinc glands (Martinez-Vargas. 1987). HowcYer. the results 
obtained here by transmission electron microscopy. which show cdlular debris 
(Cd) and cellular structures being eliminated with the Ycnom secretion, suggcst 
that the venom glands of L. intermedia are of the holocrine type (Fig. JE and F). 
Thc holocrine secretion mechanism was described for Lactrodectus mactans 
(Ancona. 1931 ), Ctenus medius (Bordas. 1905), P. co/ Iinus, H. renatoria and L. 
indagastrix (Ridling and PhanueL 1986), whereas Barth (1962) described a more 
complex and non-degenerative sequence of secretion cvents in glands of certain 
species of Lactrodectus. Our data strongly suggcst that Yenom secret1on 
mechanism o f L. intamediu is of the holocrine type. 

In the prcsent study. by using light microscopy and transmission dectron 
microscopy cxamination. \Ve showed herein the prcsence of an underlying 
structure between the muscle layers and the secretory' çpithelium. A very thick 
extracellular matrix from which extensions project into the gland interior was 
described in C. mediu.\· (Brazil and Vellard. 1925). According to Ridling and 
Phanuel ( J9g6). in L. rildagastn>~ and P. colltiws the musclc surface is surroundcd 
by the basement membrane. which forms a continuous byer insidc thc 
musculaturc. These species also present some processes that project into the 
central lumen and form a network o f fibrils. \Vhereas thcse processes are absent in 
H. rC~wforia. In L 11wctm1s this extracellular matrix has collagcn flbnls (Smith 
and Russell. 1967) \Vhich v-.-·cre not found in L. rt'clu.w (Foi! ct ai.. 1979). 

In thc Ycnom gland of L. inrermedia. the underl_y·ing structurc is an extraccllubr 
matrix. The extmcellular matrix is a complex nctwnrk or secrcted moleculcs. 
speciall! glycoprotcins and proteoglycans that hl\s thc e.'draccllular spaces ~llnong 
thc cdls (Hay. 1991: Krcis and Vale. 1993). This underlying structure is round to 
he very rich in glycoproteins in sections stained with PAS (Fig. 4A). In alci<.tn 
blue-staincd material at pH 1.0 the reaction was positi\'c. showing the prcscnce of 
sulfa ted proteoglycans ( Fig. 4B). lmmunohistochcmistry using anti-laminin nr 
anti-cntactin antibodies showcd the presencc of lam1nin and cntactm as part oi' 
this extruccllular matrix structure (Fig. 40 and F). These data strongly suggcst 
that this cxtracellular matrix is a basement membrane that is an special kmd or 
extracellular matrix. characterized by its ubiquitous thin shcet of molecule.s 
produced and secreted adjacent or surround a large variety of cells as epithclial. 
muscle. ncrvous and fat cells (Beck et ai.. 1990; Yurchenco and Schittny. 1990). In 
thc case of L intermedia venom gland, based on histologJcal and ultrastructural 
data (Figs. 40. F and SA) we may postulate that both cpithclial and muscular 
cells produce their basement membranes and part o f thc underlying tissue betwccn 
these cells is a mixture o f these basement membranes. On the othcr hand. by using 
transmission electron microscope at high magnificat1on ( Fig. 5.-\ and 8) and 
picrosirius staining method (Fig. SC), v.'e were ablc to detect collagen fibrils in this 
underlying tissue. Since basement membranes do not have fibrillar collagens. but 
nctwork-forming collagen (as type IV collagen) instead we may' postulate that 
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colocalized with the basement membrane. there is also a connective extracellular 
matrix. rich in fibrillar collagen. produced by other cells different from epithelial 
or muscular cells and of origin unknown at the present moment. 
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Abstract 

High molecular weight serine-proteases have becn identified in Loxoscelcs intermedia 
(brown spidcr) venom. The mechanism by which Loxosce/es spp ,·enoms cause 
dermonecrotic injury (a hallmark of loxoscelism) is currently under investigation. but it 
seems to bc molecularly complex and in some instancc proteases might be expected to p\ay 
a role in this skin lesion. In the present investigation, when we submtttcd L. interml'dia 
venom to linear gradient 3-20(X) SDS-PAGE stained by a monochromat1c sílver method we 
detectcd a hcterogeneous. protein profi\e in molecular weighL ranging from S50- to 5-kDa. 
ln an attempt to detect zymogen molecules of proteolytic enzymes. venom aliquots were 
treated with severa! exogenous proteascs. Among them. trypsin activated two gelatinolytic 
molecu!es of 85- and 95-kDa in the venom. In expenments of hydrolysis inactivation using 
different protease inhibitors for four major class of proteases. we detectcd that only serine
type protease inhibitors were able to inactivate thc 85- and 95-kDa enzymes in the venom. 
An examination of the 85- and 95-kDa ge!atinolytic activities as a function of pH showed 
that these proteases had no apparent activities at pH below 5.0 and higher than 9.0 and 
displayed little activity at pH 6.0, with the optimal pH for their activities rangmg from 7.0 
to 8.0. Evalmttion of the functional specificilies of the S5- and 95-kDa venom proteases 
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showed that these proteases etficiently degrade gelatin (denatured collagcn) but have no 
proteolytic <.~ctivity on hemoglobin, immunoglobulin, albumin. fibrinogen or laminin, 
suggesting specificity of thetr proteolytic actions. We describe hcre two serinc-proteases 
activities in L. intermedia \"enom probably involved 111 the hannful efTects of the 
venom. c 1000 Elscvier Science Ltd. Ali rights reserved. 

1. Introduction 

Envenomation by the bite of brown spiders (Loxoscr:/es gcnus) produces severe 
cutaneous injury (Forrester et aL, 1978; Schenone et ai.. 1978; Babcock et ai.. 
1981: Rees et ai.. 1984). This characteristic skin lcsion (hallmark of accidents) 
begins \\'ith an acute local inftammatory reaction characterized by edema. followed 
by inftammatory cell accumulation, hemorrhage into the dermis at the bite site 
and an impressive necrotic lesion of cutaneous tissue with gravitational spreading 
and formation of a black eschar (Atkins et aL 1958: Wassetman and Anderson, 
1983). 

The mechanism by which the venom causes dermonecrotic injury is currently 
under investigation. but since the venom is composed of a mixture of severa! 
proteins. this mechanism seems to be complex and dependcnt on many diffcrent 
proteins acting synergistically. 

lnfiammatory cclls accumulated at the envenomation site (especially 
polymorphonuclear lcukocytes) might be expected to play a role in the lesion 
caused by the vcnom (Smith and Micks, 1970; Majcski et ai., 1977), wíth 
neutrophils and vessel endothelial cells being a central target for molecular 
constituents present in the venom (Patel et aL 1994). In addition. adult plasma 
components are also rcquired for the deleterious etfects o f thc venom since in vitro 
experiments using a purified putative dermonecrotic toxin from the venom diluted 
in synthetic buffer or neonate plasma did not induce platelet activation. an event 
that may be responsible for vessel thrombosis. tissue ischemia and thcn skin 
degeneration (Rees et aL 1988). The serum amyloid P component (a pentraxin 
protcin) which is deficient in neonate but not in adult plasma. seems to be the 
target for platelet activation and indirect ischemic effects and is likely to have a 
role in the necrosis provoked by the venom (Gates and Rees. 1990). Thc 
activation of the autologous complement alternative pathway (C system of 
plasma) also seems to participate in the noxious effects of the venom (Tambourgi 
ct ai.. 1995). The depletion of the complement constituents by different moleculcs 
resultcd in reduction of clinicai signals in skin injected with venom (Smith and 
Micks, 1970). On thc other hand. hemorrhagic and necrotic hannful effects caused 
by L. spp similar to thosc observed after snake bites (Fox and Bjarnason, 1995: 
Bjarnason and Fox. 1995) can be directly associated with hydrolytic enzyme 
activities (protcases) present in the venom. that could trigger the severe necrotic 
lesions by acting on different protein substrates. The first evidence of protease 
activities in L. spp vcnoms was describcd by Eskafi and Norment (1976) studying 
L. reclu.w \·cnom. Jong et al. (1979), studying the same venom. reportcd the 
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prcsence of a proteolytic enzyme (approximately 30-kDa) that appears to have a 
broad substrate spccificity. Recently, working with L. intermedia venom and using 
zymograph experiments, Feitosa et ai. (1998) and Veiga ct ai. (1999) demonstrated 
that the venom contains two metalloproteases with distinct substrate specificity. 
one of 32- 35-kDa with gelatinolytic activity and the other o f 20~28-kDa with 
fibronectinolytic and fibrinogenolytic activities, suggesting its involvement in the 
deleterius etTects o f the venom. The 32 -35-kDa metalloprotease is a glycoprotein 
type high-mannose. with N-glycosylation rcsponsib\e for 2-kDa of the molecular 
weight of this molecule and in such way controlling the hydrolytic activity o f this 
enzyme (Veiga et ai., 1999). Barbaro et ai. (1996) reported some leveis of 
proteolytic (caseinolytic) activity in the venoms of L. gaucho, L. laeta and L. 
illlermedia. 

In this present rcport \Ve further studied a new proteolytic activity in L. 
intermedia venom. We present here the identification of high molecular weight 
serinc-proteascs of 85- and 95-kDa with substrate specificity. which could be 
involved in the dcleterious effects of the venom as a function o f their proteolytic 
activities. 

2. Materiais and rnethods 

J.J. Reage/I!.\" 

Laminin was purihed from Engelbreth-Holm-Swarm (EHS) tumors, produced 
in 2-month-old C57-BLIO J'cmale mice as dcscribed (Paulsson et ai.. 1987). Gelatin 
was purchased from Gibco Diagnostics (Madson. USA). Casein. bovine serum 
albumin (BSA). hemoglobin and fibrinogcn \-Vere obtaincd from Sigma (St. Louis. 
USA). Rabbit immunoglohulin type lgG was purified rrom frcsh rabbit serum 
(obtaincd from the federal University o r Parana Animal H ouse under appropriate 
condítion.s) using protein-A-Sepharose (Pharmacia. Uppsala. Sweden) as described 
by H ar\ O\\' and Lane ( \988). The proteases uscd for tenta tive in vltro activation of 
venom (see below). such as trypsin. chymotrypsin. pepsin. clastase. V8-protease. 
col\agcnase. protcase type XIV and protcinasc K. were purchased from Sigma. 
The protease inhibi tors used, i.e. ethylenediaminetetraacetic (EDT A), 1,10-
phenanthroline, aprotinin. phenylmethylsulfonyl f\uoride (PMSF). benzamidine, 
leupeptin. soybcan trypsin inhibitor (STI), N-ethylmaleimide (NEM), 
iodoacetamide and pcpstatin-A were ali obtained from Sigma. 

].2. Spider venom extraction 

L. intermedia venom was obtained from LIPAPE (Laboratório Interdisciplinar 
de Pesquisa em Animais Peçonhentos, Setor de Ciências Biológicas. Universidade 
Federal do Paraná). The venom was extracted from spiders captured from nature 
and kept for a week without any kind of food. The venom was extracted from the 
fangs o f spidcrs by electrostimulation ( 15 V) applied to the ccphalothorax and 
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collected with a micropipette. dried under vacuum and rrozen at -XS C until use. 
The pure \'enom is a transparent liquid. whereas Yenom contaminated v•iith 
stomach egestion contents becomes cloudy and was al\vays discarded. A pool or 
venom collected from approximately 500 spiders was used in each expcriment 
(Barbaro et a\.. !992: Feitosa et ai., 1998). 

2.3. E!ectrophoresis 

For the analysis o r crude \'enom proteins. samples \\/Cre run on SDS containing 
polyacrylamide gel (SDS-PAGE) using a 3-.20% polyacrylamide linear gradient 
under non-rcducing conditions as prcviously described by Laemmli ( 1970). Gcl 
was stained with silver nitr·ate as described (Wray et a L 198 I). Thc molecular 
mass markcrs used were myosm (205-kDa). /1-galactosidasc ( 116-kDa). 
phosphor:ylase B (98-kDa). bovine serum albumin (67-kDa). ovalbumm (-1-.f-kDa) 
and carbomc anhydrase (29-kDa) purchased Crom Sigma. For an extrcmely high 
molecular weight protein standard \Ye used laminin (approximately ~50-kDa) 

purified as describcd in thc reagents section. For an extremely low molecular 
wcight protein standard \Ve used cytochrome C ( 1.2-kDa) obtained t"rom Sigma. 

1.4. Zymogrwns usi11g diff"r!rent protcin suhsrmtes 

Ten pcrccnt SDS-PAGE \\'as prcpared as described above and copolymcrizcd 
with di!lCrcnt substrates such as gclatin. casein. hemoglohin. BSA. rahhit 
immunog!ohulin typc IgG <.tnd fibrinogen at final concentrations or 3 mg ml. For 
gel copolymerizcd \Vith laminin the proccdure was the same. cxccpt ror thc 
presencc ot' 3 M urea. since laminin is msoluble in water at concentratiuns highcr 
than I mg ml. Samples or 40 ~tg of \'enom pre-incubatcd or not \\-'Íth hexogcnous 
proteascs (scc bclovv) \vere electrophorcsed at .25 mA at 4 C. Aftcr e\ectrnphoresis. 
gels \Vere \\·ashcd tw1cc fOr 30 min in .2 . .5°/0 Triton X-100 (Sigma) to remoYC SDS. 

T<1ble I 
Venom pr<ll<:ul~tic ctc\Í\ation by tr~atmcnl with c\.ogctHlU~ prokas.:s". ( ') gc:latinnl~tic actl\:tlJOil. (-l 
11011 go,;btinoi;. li C :n:IÍ\';llllll1 

Protease 

Trypstn 
Ebstasc 

Pepsin 
C <lllagc:nasc: 

Protc:inasc K 
Proto.:1na~c l~pt.: XIV 

Chynwtr~ ]Nn 

Protca~c \'"~ 

'' For n~nom activation 
venom. at )7 C for I h 

Cleavage si te 

after Ly~ and .-\rg 
aCter unchargcd aml non arom:lltc aminoacids 
hr,)ad spectlicit;. 

:1fter X in Pro:\Cil~Prn 
bmad :-.pec!!lcit_\ 
broad speciflcity 
after Phe. Thr. 'fyr 
alter Asp or Glu 

Results 

~tg of une diffcrent prolease listcd above was incubated with -1-0 fLg of crude 
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Fig. I. SOS-PACJE protlle oi' L. intermcdia venom proteins. L. inlcmln{iu crmk \Ctwm protcm~ 11crc 

,cparatcd by a conltllliOUS ) --100.-~. (\\ v) linear gradiçnt polyacr~ l~tnmk gcl und..;t· twnrcduL·ing 

L'l.lnditions <tnd stained bv the monochromatic silver method. Molecular mass m:trker~ are sh<.lW\1 <.ltl thc 

ld"t 
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incubated overnight at 37 C in 50 mM Tris-HCL pH 7.3. 200 mM NaCl. 5 mM 
CaCI:?_ and 5 mM MgC12 and then stained with Coomassie Brilliant Blue R and 
destained with 50% methanol in water. Clear zones of substrate lysis against a 
blue background stain indicated the presence of degrading enzymes. 

2.j. Assa_rs .fór J7Wleolytic activation of venom in vitro using exogenous proteases 

Aliquots of L i111ermedía venom (40 ~tg) were incubated with differcnt 
hexogenous protcases (I ~Lg) for I h at 37oC (see Table I). The materiais were 
then immediatcly dissolved in Laemmli buffer in the absence of reducing agents 
and electrophoresed for zymogram using gelatin as substrate. as shown above. 

].6. Zymograms wu/er d{/ji!rent pH conditions 

To study optimal pH conditions for the 85- and 95-kDa proteases. we 
developcd zymograms using gelatin as protein substrate under the same 
experimental conditions as dcscribed above, except that different buffer systems 
were used for incubation overnight at 37''C. For pH 3.0, 4.0 and 5.0. zymographs 
werc devcloped in 50 mM acetate buffers. For pH 6.0, 7.0 and 8.0. zymographs 
wcre devcloped in 50 mM phosphate buffers. For pH 9.0, \0.0 and 11.0. 
zymographs wcre devcloped in 50 mM Tris-HCI buffers. Lysed gelatin zones from 
the zymogrphs had thcir optical densities checked and graded. 

].7. Determina! íon of' !he hiochemical nature o/85- and 95-kD(/ l'enom proteases 

In arder to determine the biochemical nature of 85- and 95-kDa proteases of L. 
intermediu venom. \Ve performed zymograms containing 40 )lg o f trypsin-activated 
venom and gelatin as substrate, using 50 mM Tris-HCl buffcr at pH 7.3 
containing excess of one type of proteinase inhibitor (Harlow and Lane. 1988) 
such as EDTA 110 mM), 1,10-phenanthroline (5 mM), PMSF (lO mM), leupcptin 
(0.02 mM), aprotinin (0.002 mM), benzamidine (10 mM). soybean-trypsin 
inhibitor (0.0005 mM), NEM (5 mM), iodoacetamide (lO mM) and pcpstatin-A 
(0.007 mM). As positive control. a zymogram was developed in the presence of 
activated venom under the same conditions as described above. but in the absence 
of any protease inhibitor. The relative efficacies of different inhibitors upon 85-
and 95-kDa gelatinolytic activities were measured by using lysed gelatin zones that 
\Vere dcnsitometrically quantified. 

3. Results 

3. i. Heterogeous molecular 1râght prqfile qf' L. intamedia c rude \'(!170111 proteins 

Figure I depicts the profile of L. intermedia crude venom proteins on a linear 
gradient 3-20°;{) SDS-PAGE under nonreducing conditions, stained by the highly 
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sensitive monochromatic si! ver method (Wray et aL 1981). lt can be sccn that 
the venom is enriched in proteins with low molecular weights in thc range or 
40-5-kDa. Nevertheless. the presence of high molecular weight proteins 
(850-60-kDa) was also observed to a lesscr extent. 

3.2. Proteolytic activation oj' L. intermedia venorn br trccilment ll'ith an cxogcnow; 
proteasc 

As previously reported in different cases, venom proteases can be produced as 
zymogen molecules, and in such structural chains are encoded pro-peptide 
sequences, which are !ater proteolyticaliy processed to yield activated forms 
(Bjarnason and Fox. 1995: Fox and Bjarnason, 1995). Table l summanzes 

1 2 3 

< 

Fig. 2. Effecl of lrypsin treatment on L. imermedia venom proteo!ytic ;tctivity. Sampl~s containing <-1-0 
pg o f venmn werc incubated with trypsin (I ~Lg) for ! h at 37 C and thcn submtttcd to a gclatin 
copol.vmerized I0"/,1 SDS-PAGE zymogram. The figure illustrates lhe zymograph of the venom bdore 

trypsin treatmcnt (Iam: l). thc zymograph of the vcnom aftt:r lryp~in lr<:<ttment (lane 2) ;tnd lhe 
zymogntph of trypstn wilhout venom. under lhe same experimental wnditions ns the negative control 
(lane 3). The arrow indicares the 85- <tnd 95-kDa protcases and the arrowhead indicates loxolysllt 8 

prevtously described (sce lntroduclion). 
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experiments \Yhere L. illfermedia crude venom was incubated with different 
exogenous proteases and then processed for zymograph experiments with 
copolymcrized gclatin. Thc results indicate that among severa! tcsted exogenous 
proteases. only trypsin \Vas able to produce proteolytic actívation of thc venom. 
Figure 2 depicts a zymograph of L. intermedia crude venom before any kind of 
exogenous actívation (l<me 1 ). The arrowhead shows Loxolysin B (35-kDa). a 
metalloprotease previously characterized in venom (Feitosa et ai.. 1998; Veiga et 
al.. 1999). Lane 2 shows a zymograph of venom previously treatcd \vith tr;'psin. 
and lane 3 shows a zymograph of trypsin under the same experimental conditions 
but without venom (contrai). The arrow points 85- and 95-kDa gelatinolytic 
activated proteases. lt can be seen that after these exogenous treatments. only 
trypsin displaycd some activity toward L il7lermedia crude venom. activating two 
gelatinolytic signals at the 85- and 95-kDa positions (arrmv). 

3.3. Biochcmicalnature (?l the 85- mu/95-kDa gclatinolytic protcases o( L. 
il7lemU!dia \'e!wm 

In order to obtain more information about the 85- and 95-kDa proLeases of L. 

l 2 3 4 5 6 7 8 9 lO ll 

< 

Fig. 3. Enzyme inhibílors effecls on L.intermedia venom SS- and 95-kDa proteolytic aclivlln.':-. . ..\liquuh 
of n~nom t40 ~Lg) were trcated wtlh ! ~tg or trypsin for l h at 37 C and lhcn ;tpplied to a 10"-n SlJS
PAGE gelatin copolymerized zymogram. Zimographs were dcveloped O\·ernight <tt 37 C tn lhe ab:-.encc 
o r cnzyme mhibitors (lane 1, contrai) o r 111 lhe prcsence o r di!l!:rent cnzyme inhibnors sue h as EDTA 
(lane 2). 1.!0-phenanthroline (lane 3). PMSF (lanc 4), aprotimn Oane 5), bcnzamidinc (lane 6). 
~oy"bt~atHrypsin inhibitor (Iam: 7). leupcptin (lanc 8), NEM (lane 9). iodocctamide Oanc 10) and 
pepstalin-A (!ane li). The arrowhead shows a 35-kDa protcasc: (\oxolysin 8. <l mctalloproteinase 
previously dcscribed hy Feitosa et a!. (l99R) and Veiga et al. (1999)) and lhe arrow Lndicates the 
position or lhe 85- and 95-kDa proteases. 
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inlermediu Ycnom. we performcd experiments of inactivat1on of hydroJ: .. si:::.. ming 
difTerent inhibitors of four major class or proteolytic enzymcs. such as EDTA and 
LIO-phenantroline (divalent chelators). sulphydryl (thiol-protease) inhibitors such 
as NEM and iodoacetamide, aspartic (acJd-protease) inhibitor such as pepstatin-A 
and scrine-type protease inhibitors such as PMSF, leupeptin. benzamidine. 
aprotinin and soybean-trypsin inhibitor.The relative efficacies of inhibitors cffects 
were measured as can be seen in Fig. 3 and Table 2, just scrine-type protease 
inhibitors C\"Oked inactivation of the 85- and 95-kDa gelatinolytic activities in the 
venom. 

3.4. Oprima! actil'ity o( L. intermedia venom 85- wu/95-kDa proteases us u jímction 
of"pH 

Thc aclÍ\"ÍtlCS or L. Íll{e/"!IICdia \"enom trypsin-actiYatcd ~5- and 95-kDa 
proteascs were cxamined as a function of pH. Aliquots or L. inlcnncdiu \"Cnom 
vvere trcated by cxogenous trypsin as dcscribed in Materiais and mcthods and then 
assayed for gelatinolytic c!Tects in thc regions or ~5- and 95-kDa through 
zymograph c:-.;periment~~ carried out under comiltíons o r di!fcrent buiTer pH \ alues. 
Zymograms containing polymerized gelatin were dcvclopcd in 50 mM .1cctatc 
buffers. pH .3.0. 4.0 and 5.0; in 50 mM phosphatc bu!Ters. pH 6.0. 7.0 and ?-\.0: 
and in 50 mM Tris--HCI bu!Ters. pH 9.0. 10.0 and 11.0. Ly'scd gclat111 I.Oncs rrom 
zymographs wcre mcasured and graded. As !llustratcd in Fig . .fA and B. both 
protea:.cs appcar to possess a pH range or optimal actl\"Ítlcs undcr \\L'ak :tct<.hc. 
neutra! or \Ycak basic ~~xperimental conditions. 

T<~hk ~ 

Protca~~, tttlltbit<lr-; ..::lkcb llll L. illlermnliu S:'i- <tnd 0:'-\..:Du \<.:num prnk<t~..::<' 

!nhtbttur~ 

Control 

EDTA 
! . I 0-Ph..::nantwlttK 

PMSF 
Lcupcpun 
Aprolmtn 

Benzamidtnc 

STI 
NEM 
I odoacctilmtd..:: 
Pepst;~lln-A 

100.0 

I 0-1.9 
100.7 

11 

11 

11 

11 
11 

75 I 
l)l). I 

0K .O 

·' Enzyme acti\ itic~ were tm::a~urcd !"rum lyscd zom:s o f zymogrctm~ o f Fig. 3 th<tl \n:rc d..::n~itomclri

cally quantified b~ a scanning laser dcnsilomcter. 
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pH 3 4 5 6 7 8 9 10 11 

I 

A 

2 

1,8 

1,6 ' 
~ 1,4 ·;;; 
c 1,2 ~ 

" , 
1 ' 

"' 0,8 u .~ 

:;:: 

"' 0,6 o 
0,4 

0,2 

o 
3 4 5 6 7 8 9 10 11 

pH 

8 

h~. -L L illli'l'l!lnliu H'nom K.'i- <tlld 95-kDa protca:.c ;~ctivllic:. a~ il fum:tÍ1111 oi· pH (,.\) Vcnom 
~tliquoh (-Hl ,Llg) 1\·Cre acllvated hy trypsin trcatment (lpg) for I h al )7 C and thcn suhjcctcd to lO"., 
SDS-P·\CJF gel~t\ln copol~·mel'II.Cd 7ymogmm~. 7~mograph:. wcrc dnclopcd .11 37 C \)I'Crnight in lhe 
prc~encc nf lhlfcrcnt bufl'crs <Jnd pHs a" dcscribed 111 !vlatcrwls and mcthods. pH \'~liuc;.. dlT: listcd at thc 
top o f lhe figure. The <ti'I'OW show~ thc po"ition o f lhe 85- and 95-kDa prolC<lSC:.. ( B) Lyscd Loncs from 
zymographs oi' experiments shown 111 (A) were dcnsitometncally quantificd by <l scanning ln:-;cr 
densitometer <llld graphic<dly plollcd. Gdatinolytic activitics are rcportcd a.\ optlc:ll dcnslllCS (ordina!cJ 
111 funclion l1f pH (abscissa). 
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3.5. Proteo!J·Iic (/cflons o( L. intermedia 85- wuf I.J5-kDa rc/10111 scrinc-prorcases on 

di(/"ercnl suhslra/es 

In ordcr to evaluate some functiona\ spcciticities of the H5- and lJ:"-kDa Ycnom 
protcases. \\·e perrormed zymograph experiments with v<uious copol_ymerized 
protem substrates. Aliquots nf trypsin-activated venom m.:Te '>Uhmitc-d tn 

copolymerizcd zymograms containing different proteins ( J mg. ml) sue h as gclatin. 
casem. scrum albumin. hemoglobin. immunoglobulm (lgG). laminin and 
ti.brinogcn. under optimal experimental condJtions. As shown in f"ig. 5. thc H:\
and YS-kDa proteascs efficiently degradcd gclatin. acted on cascin to a lcsscr 
extent and had no hydrolytic actiYity on hemoglobin. immunoglobulin (type lgGl. 
bovinc serum albumin ( BSA). lami111n o r tlhrinogen. suggesting some :-,pcCiticity in 
their protcol) tic actions. 

4. Oiscussion 

Although it has bcen \\"cll documentcd that brown spidcr hitc:-; ,trc :Jv,lK'latcd 
\\'lth nccrotic :-,kin lcsions and tissuc clcgrading actl\·itics at the h1tc '>llC (:\tklns ct 
al., llJ5~: Wa:-,scrman and Anderson. 19?0: Futrcll. 199:.:). thc rccd molecular 
mcchanism .... 
undcrstot)d. 

rcsponsiblc 
and more 

I 

for this ha]Jmark signa] of Joxo:-,cc]J:-;m <ll"C ..;tJ!J \ittlc 

informatwn ahoul thcm "hould hc ()ht,tlncd ('>L'C 

2 3 4 5 6 7 

l-i~.". .. \L"\1(111 (1[. L IIIICI"I!tcd!u \CilOlll S5- ctnd ':>5-kDct prut..:.t~~·~ utl dl!l"..:r..:nt pt"<ll<.::tll ,tlh,tr:llL"'. \ L"lltllll 

~dll1pics t-+O pgl \I"CI"C aclÍ\;Ilcd i"or i\5- and t))-k!)a pt·ntcct~l:~ hy tr~pslll trc;llmcnt éh dc~cnbcd ahul<' 

and th..:n ~uhmlttcd to ]()",;, SDS-PA(JJ::: ;:ynwgrams cnnl<ttntng ddl"aent l"U]llll~m..:n;cd protcm 

~uhstratc ..... Cid;tltn tbnc \). Gts<'Ín (bnc 2!. h..:moglobtn tl;ttl<.: .\L BSA {btl<' -+1. immutwgltlhttlttl Jg(J 
(l;tn..: 51. bmtntn tbn..:: 6) ctnd. lihnnogen (ianc 71. Zimographs IlTH.' lkvcloped m·crnight <ti .'7 C. Thc 

<IITOI\" indtL"<llC~ lhe ekctroplmn:tic positions or lhe X5- <tnd 05-J..tJa pnJl<.:<tSCS. 
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lntroductwn). Studying L. inrermediu venom through a wide gradient (3 -20%) 
SDS-PAGE anel the high scnsitive sih·er stain protein method. vve shO\\' here that 
the venom is a heterogeneous mixture of proteins, ranging in size from 850 to 
5-kDa (fig. I). In addition. this result also indicates that thc high molecular 
weight proteins from 850- to 60-kDa are poorly expressed proteins and the low· 
molecular \Veight proteins are extensively expressed. These data contradict 
previous studies that rcported only some low molecular proteins in other L. spp 
spider venoms {Norment et al.. 1979: Barbaro et ai.. 1992). a discrepancy that can 
be explained by the less developed protein detection methods previously employed. 

The necrotic skin effect cvoked by' L. intermedia \'Cnom significantly appears 
just a fcw hours after the bitc. a fact suggesting some kind o f activation o f venom 
principies for their late degrading effects. In the present study we wcre ablc to 
activatc the proteolytic cffcet or L. intermedia vcnom by an in vitro enzyme 
trcatment (Table I and Fig. 2). Among severa] proteolytic cnt:ymes a:-;sayed for 
\'enom acti\·ation. only tr:ypsin \Vas able to produce such c!Tçct. cYoking two 
gclatinolytic molccules of 1-\5- and 95-kOa in the treatcd n~nom. Therc are no 
previou.s Lkscriptions of such behav1or 111 the venom of other spidcrs. but we may 
speculate that trypsm treatment could specifically degrade thc pro-peptidc 
domains nr thc zymogcn mo!ecules. liberating thesc protcinase structures. as 
reported for severa\ snake venom proteinases (Bjarnason and Fox, 1995). In \'ltro 
resistancc to protcolytic cnzymes but sensítivity to trypsin could bc 1..-:.\plained hy 
specitic amino acid sequenccs in the region between thc pro-peptide and 
protcínasc domains in zymogen, since trypsin hydrolyzcs the pcptide hond _just 
arter l) -;me nr arginínc (.'ice Tab\e I). 

Whcn studying thc X5- and 95-kDa enzyme activities in thc prcscncc nr severa! 
inh1hitors ( Fi~L J and Tablc 2). we observed that di\·alcnt metal chclaturs sue h as 
EDTi-\ 1,1r 1.10-phcnanthro\inc did not inhibit the gelatHlOl)tic acti\'Ítics uf thcsc 
cnz:.:mcs. indicating thc abscncc o r divalcnt metal íons at thc cat<d)- tic sitcs o r 
thcsc protcascs. .V-ethylmaleimidc (NEM) and iodoacctamidc also had no 
111h1hitory c!kcts nn thc 85- and 95-kDa proteases, suggesting that su\phydryl 
groups \\\:Ore not llL'CCssary for these enzyme activities. Pepstatin-.'-\. an acid 
(asparticl-protcasc inhibitor, was also ineffective in blocking thc-;c cnzymc 
acti\'itics. again dcmonstrating that an acid-amino acid is not a functional 
mok:cule at the active site of these L. intermedia venom protcases. On the other 
hand. whcn scrine-type inhibitors such as PMSF. aprotinin. benzamidine. 
soybean-trypsin inhibitor and leupeptin were used, the proteasc acti\'ities of the 
BS- and 95-kDa molecules were inhibited to 0%. indicating that scrine b a 
runctional amino acid at the active si te of these enzymcs and L'> critica! for the1r 
activity. dcmonstrating their biochemical nature as serine-t:ipe proteascs. 

Whcn c\·aiuating the 85- and 95-kDa protcase activities as a function nr pH. \\'C 

observed that thcse hrown spider venom proteases havc no detcctable activJties in 
the acidic 3.0 to 5.0 pH range and in the basic 10.0 to 11.0 pH range. At pH 6.0 
thcy bcgin to display hydrolytic activities and apparcntly have a pH range or 
optimal activity from pH 7.0 to softly basic pH ranges such as 8.0, decreasing the 
ge!atinolytic cictivities with increasing o f pH conditions. These rcsults demonstra te 
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that these ~5- ~111d 9~-kDa ~crine-protcases are active undcr normal human 
phy~Iological conditions. in \\·hich the pH is 7.2-7.3. 

Wíth respect to :-.ubs.tratc :-.peciti.city. it is intercsting to observe that the B5- and 
l)~-kDa protca~e<.; haw JW hroad activities. cfficiently hydrolyzing gelatin 
(dcnatured collagcn) ~1nd hydrolyzing poorly casein. but displaying no effects on 
hlminin. BSA. hemoglobin. Immunoglobulin IgG or tibrinogcn . .:1 Ltct prccluding 
-;ubstratc spcciticity in \"1\"(). Thc real significance of this narrO\v dTect is still 
l•hscurc. Proteascs w1th o.pccitic substratcs \\Cre prcYiously (kscnbed in L. 
inlcnncdia \Cnom. \\·lm:h uontains a 31-35-kDa mctalloprotcase that degrades 
gclatin but not BSA. G\sCÍIL tibroncctin or tibrinogcn and a 20-2~-kDa protease 
that degrades tibnnogcn .1nd tibroncctin. but not gelatin. BSA or casein {Feitosa 

l'L :tl .. !99R). Thc .-.,pccilicity n!' aclion of protcascs should bc related to spider self
protcctron sincc. rur C\.,\lll]lic. thc \"C!10\11 gJand of L. fii!Crlllcdia i:. extremei~ ricb 
m l,umnin (ha:-.cmcnt rncmhr.tnc) scparating musclc tJ..;suc invo!Ycd in vcnom 
:-..ccrctilm from cprthclul l'clls rn\·ul\'ed in n.~nom production (dos Santos ct aL. 
1999). L. intcm/Cdiu \ t:Iwm. ~ti though haYing other proteolytiC activi ties. sccms to 
hcl\C no bmmol~tic ctl'cct (Fcttosa ct aL. \99N). This narrO\\ proteolytic dfect of 
thc- X:5- and 9:5-kDct ]lrutcasc:-. speaks against the possihility of these enzymcs 
rcprescntmg contamlll,tlllHl o r n:nom \vith egcsted stomach contcnts. smcc in this 
c~t:-..c \\'C \\Ould cxpcct thc actt\·atcd enzymcs to have broad substratc specilicities. 

Lttcraturc dc:-.cnbcd :-.C\"lT<d cxamplcs or syncrgism among differcnt proteascs. 
Thc dcgradatlon or C\lr~\Ccllul.tr matrix: during normal or pathologic conditíons 
-.,ccms tn hc cuntn•llcd C\ l'llt<.; \\·hcre molcculcs as natín~ co!!agcn su!l"crs an rnitial 
ctkct u!" collagcn<hc:-. t"rom !ibrohlasts or PMN lcukocytcs. pania!!y dcnarurating 
th1:-. mokculc, thal tlll:n 1'> :-.cqucntial\y lkgradcd by gelatinascs A and B. or other 
matri\ mctalloprotc.lo.cs. that does not act on natryc cnl!agcns (sce Birkcda\
Hanscn ct .d .. Jl)l)J: Klcmn and Stclcr-SteYcnson. llJl)J). For \'cnom protcases 
.liso thcrc <Ire litcraturc C\:tmplcs {l3aramm·a ct al.. !l)S9: f"nx and Bjarnasnn. 
]l)l):5). that lk'->Crl bcd '>()tllC rt.'Jll"Olysins (Lhe lll<.ljor 110.\ÍOU:-. ]ll"OlCi.lSCS uf snakc 
\C!Wl11S) that h~dro)y'-.IS gcLtllllS !"rom dilfercnt typcs o!" co)Jagcns. but han:: 110 

ctctinn \)\1 rull-lcnght cullagcns. 
\s di:-.cusscd in thc Di-.,cus'i1Ul1. \\"C may postulatc th<.\t scrmc-protcases described 

hcrcÍ!l cornp[cmcnt thc dcgradat1011 dfcct triggcrcd by othcr protcases or \'C\10\TI 

(J-eitosa ct a!.. llJlJX: Veiga ct ai.. 1999) o r c\·en so othcr protcascs relcascd hy 
dcunagcd tissue cclk o.rncc during dcrmonecrosis. injurcd cells also appcars to 
cc)ntributc to sk111 destruct1on { Futrell. \992). Some protcascs may act cvoking a 

partia! denaturation of nat1vc collagcn and gclatinase-likc protcases (Feitosa et ai.. 
JL)9~) o r and :-.LTinc-likL' prntcascs describcd hncin ClHlld complcmcnt the 

dcg:r~1ding ctfcct. 
:\rtcr thc identrhcation c1r X5- and 95-J..:Da scrinc-typc proteascs. an important 

question is: what i.'i {are) thc real actJvator{s) of thc venom in thc blood. or tlssues 
(lf bittcn animab that stimulatc the activation of the X5- and 95-kDa proteases'! 
This i:-. an open question. but wc may speculatc that. as describcd ror other 
1ymogen proteases. kallikrcin and thrombin or other proteases prcsent in di!ferent 
tJSsucs may partiCipate in this event (K!ciner and Steler-Stevcnson. 1993: Mignatti 
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and Rifkin. !993). Thc- informat10n presented hcre about a new protcase (serine
tyvel in L. Ílllermedi(/ \"cnom acting synergistically \VÍth other princip!es in the 
vcnom muy expia in the nnxiou~ elfects o r the \'cnom and strengthen the previous!y 
data that point prntcn!:,itic cnzymcs in L. spp Yenoms. 
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L Feitosa. W. Gremski, S. S. Veiga. M. C. Q. B. Elias, [. Graner. O. C. 
Mangili and R. R. Brentani. Detection and characterization of metalloprotei
nases with gelatinolytic, fibroncctinolytic and fibrinogenolytic activities in 
Brown spider ( Loxosceles intennedia) venom. Toxium 36, I 039-1051, 
1998.-- -By studying Loxosceles intermedia (Brown spider) vcnom we were 
able to detect a proteolytic action on fibronectin and fibrinogen but an in
ability to degrade full length laminin. type I and type IV collagcns. By study
ing enzyme ml11bitors we observed that divalent metal chelators as EDTA 
and 1,10-phenanthroline completely blocked this clcaving action whereas ser
ine-protease mhibitors, thiol-protease inhibitor and acid-protease inhibitor 
showed little or no effect on the proteolytic activity of the venom indicating 
involvement of a metalloproteinase. Zymogram analysis of venom detected a 
35 kDa molecule with gelatinolytic activity. The metalloproteinase nature 
was further supported by its sensitivity to 4-aminophenyl mercuric acetate 
(APMA) treatment which decrcased its molecular weight to 32 kDa, inhi
bition of its gelatinolytic etTect by I, I 0-phenanthroline and its elution from 
gelatin-sepharose affimty beads. In addition, zymogram experiments using 
fibronectin and fibrinogen as substrates detected a fibronectinolytic and fibri
nogenolytic band at 28 kDa which changed its electrophoretic mobility to 
20 kDa band after organomercurial treatment. The inhibitory effect o f I, lO 
phenanthroline and APMA sensitivity on this proteolytic effect confirmed 
the prescnce of a second metal!oproteinase in the venom. Thc data presented 
herein describc two invcrtebrate mctal!oproteinases in L intermedia venom 

* Author to whom corrcspond<!nçe should bc addrcsscd. 
Ahhrerwtions: APMA. Jhtminophcnylmercuric acctate: EDTA. cthylcnediaminctctracetic acid: Me:-SO. 

dimethyl sulfoxide: PMSF. phenylmcthylsulfonyl tluot·idc; SDS, sodium dodecyl sulfate: SDS-PAGE. 
-~odium dodecyl sulfa te polyacrylamide gel clectrophoresis. 

IOW 
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with difTerent specificities one gelatinolytic and another. fibroncctinolytic and 
llbrinogenolytic. probably involved in the harmful effccts of the venom. 
( · 1998 Elsev1er Science Ltd. Ali righb reserved 

!NTRODUCT!ON 

Loxoscelism ís a tenn utilized to represent accidents WJth spiders of the g:enus 
Loxosccles, family Lo.nJscelidue (Barbaro et ai., 1994). that are disscminatcd and occur 
in a!! rcg:ions o f Amcrica. Africa and Europe. The \·cnom o f this spidcr is rcmarkable 
ror its dermonecrotic action at the bite site and ror dJsseminated intravascular coag:u
btJOIL platelet c1ggregation and hemolytic action as systemic etrects {Forrester er ai.. 
197N; Bascur c r ui .. 19~(~: Rccs er a/.. 1988). Platelet aggrcgation and intr;\\·ascular disse
mmatcd coagulation are dcpcndcnt on extraccllu!ar matrix molcculcs such as plasma 
libronectm and librinogen (Williams et a/.. 1983; Ruoslahti. 19X8) and hcmostatic trou
bles triggered by the \·enom could be ascribed to the presence of proteolytic cnzymcs 
for thcsc substrates. such as matrix metalloproteinases and reprolysins (Kleiner and 
Steler-Stevenson. 1993: Bjarnason and Fox, 1995). 

Matrix mctalloprotcinascs rcprcscnt a group of cndopcptidascs that cleave practically 
ali o f extracellubr matrix molecules. Their effects are invol\'t'!d in regulation of asscm
bly. remodeling and ~ize or cxtracellular structures in developmental and pathologH.:al 
conditions as normal tissue ditTerentiation. repainng and organization. or inva~Í\'c aml 
dcstructivc discascs as pcriodontal dcgeneration, rhcumatoid arthritis and tumor inva
sion (Matrisian. 1990: Woessner. 1991; Mignatti and Rifkin. 1993). 

Thc matrix metalloprotcinasc hunily is composcd of collagcnases. stromelysins. gelati
nases and putative metalloproteinases. Such c\assification is according to homologics 
and diffcrences regarding to substrate specificlties or showing structural similarity to 
prototype tlve-domain modular structure characterístic o f these molecuks ( Birkcdal
Hanscn ef a! .. 1993; Kleiner and Stcler-Stevenson. 1993). Thc prototype domain struc
turc of matrix metalloprotcinases is composed by a hydrophobic signal sequence. an 
amino-tenninal propeptide that should be removed by· enzymc activation. a dn'alent 
metal binding domain that is the catalytic sequence involved directly in protcolytic ac
tivity of these enzymes. a tlexible proline-rich region and a carboxy-terminal hemo
pexin/vitronectin-like domain that seems to be involved in substrate specificity. 
Gelatinascs have an additional domain responsible for gelatin binding activity (Huhtala 
et ai .. 1990. 1991). 

Reprolysins are proteolytic metalloproteinases that cleave severa! protein substrates. 
They are involved in destructivc cffects of snakc venoms. Although the name reprolysm 
strictly is applied only to 14 snake venom protcases whose primary sequenccs are 
known, in light of recent developments and based in evidenccs as molecular masses. 
substrate specificities. partia! amino-acid sequences and biological activities. the term 
reprolysin is applied to ali related metalloproteinases from snake venoms (Bjarnason 
and Fox. 1994. !995). At the prcsent moment about 102 reprolysins havc heen purillcd 
from severa[ species of snakes. Its molecular masses range from !5 to 100 kDa and 
these variety appear to prcscnt molecules with multimodular proteins containmg up to 
four modules. termed proteinase domain, disintcgrin like domain. high Cys domain and 
lectin-like domain (Bjarnason and Fox, 1994. 1995). The small reprolysin proteases ran
ging from 20 to 30 kDa appear to be composed only of proteinase domain. thosc with 
30 to 50 kDa appear to have an additional disintegnn domain, those with molecular 
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masses from 50 to RO kDa have a third Cys rich domain and those w1th 80 to 100 kDa 
have a four protein module lectin-like domain (Bjarnason and Fox, 1994, \995). Most 
or the described rcprolysins have been found to provoke hemorrhage (Bjarnason and 
Fox, 1995) and some of the reprolysins have thc ability to cleave extracellular matrix 
moleculcs such as tibroncctin. entactm. laminin and type IV collagen, do not c\eave 
type I nati\·e collagen but cleavc dcnaturated gelatin (Baramova et ai .. 1989: Bjarnason 
and Fox. 1995). 

The prcscnt study was undertaken m an effort to dctect the molecular basis of hemo
static and \ascular lesions triggered by L. intermcdia (Brown spider) venom. Based on 
proteolytic degradation studies \VIth purilled extracel!ular matrix mo!ccules. by protease 
inhibitors assays. zymograph analysis w1tb different substratcs and a!linity chromatog
raphy. we report hcrcin the identificatiOn of two gelatin binding metalloprotemascs onc 
of the:.e \\'Ith tlhnmectmolytic and f1brinogcnolytic activities probably involved in hcmo
static troubles disseminated by thc venom. 

:vtATI:.Rli\LS AND METHODS 

Reagcrrl.\' 
Lammin 1ras punlleJ fmm Engclhrcth--Holm-Swarm JEHSJ tumnr·s. produced 111 ::'-month-oiJ C57-BLIO 

kmalc l111CC as Jcscnhed (Paulsson í'l u!.. 19X7). Fihronectin v.;r~ puritied l"rom fn:sh human plasrmr lnhtained 
fr<.Jm Jio,prtal -\ C Camargo. S;lo Paulo. Hmzil) by attlnity chromatography on gdatin·SqJharos<: 
{Ph:rrmacw_ LKB Biukchology. Uppsal;r. Sweden) as dc~crihed {Akiy·ama anJ Y<l!nada. l9X5L T~p<.: I col· 
lagcn puri!ied frc1m rat wil l<.:ndon a<.:cordtng to lhe mcthtlll oi· Gm~ ('/ ui. ( l 97 3) was a bnJ gi!l ul" Dr. ~- R. 
l' Linc frnm L:\JCAMP, Piracicahor. Bmnl. 1--\um<lll lihrinogcn and pcpsin·cxtractcJ human plac<.:ntal type IV 
wlhrgcn 1\'ere purchaseJ from Sigma (St_ Louis. USAL Gclatin was purchased from Gihco Diagnostics 
( M;rJison. l_;S.A 1-

LO\"O.\'tt'!cl mlermediu rcm1!!1 ''\'lrm·fJl!/1 
Th~; / __ rnlermcdia 1enom \\'as ohl<IÍn<"d l"rom LI PAPE. Setor li<" Ci,:m;ia~ Biológicas. LlniversrtLrdc F<"Lkral 

do Paranú. The ~~:•nom was extractcd from 'piders (grown in appropnate conditions) that werc -,uhmittetl to 
an dectric shock 115 \') in the c.:piMl<)tlwrax, ll'hi<.:h w~r~ culkcted with a m1cropirctte. dried ~md l"ru~:en at 
-20 C untrl us~ .. -\ rool o f vcnom cvllectcJ from approximatcly 500 spidcrs was uscd in c~1ch cxperiment. 

DL-gmdurinn u( t.\"ll"i/Ccl!ular malrix mo!ccl!!cs 
EHS laminin. rat tail tendon type I cnllagcn. human pla'ima lihronectin and human tibrinogen. wcrc incu· 

batcd with v<"nom ,ll a ratio vf substralc:vcnom ( 100: [) ut J7 C. Aliquors v f rcaction m1xturcs were collcctcJ 
aftcr :<O min. I. 2. ·-1. X and 16 h and lhe protcolytic <:ll"ect oi- V<"twm \Vas stoppcd by p!acing the ~amplcs at 
-20·-c_ As controb 1\/C collcctcd sampks of purificd molecules (time 0) anJ for experimental stahility S<tmples 
wcre colleeted afler ló h in thc: absencc or vcnum. Samp!cs wer~: subjccted \0 5 or 7.5'\-';, SDS·PAGE undcr 
n-:ducing or non-rcducing: conJitions as indicutcd in respectivc lcgcnds anti the protcolytic t:ll'ect of vcnom 
a%csscd by Coomas.;ie Bluc R staining_ For pcp<;tn-cxtr:rcl<"d human placcntaltypc IV collagen, thc dcgrading 
dl"t;ct of vcnom 11as checkcd unJer identieal experimental conditions tiS <lhove except that thc lcmperalure oi" 
incubtrlion was 25 C PurifwJ typc IV collagen Jcnaturcs at tcmperatures above JO C with a mtdpoint tran
sition ncar 37 C (\1acL1y c/ a! .. 1990). Using placenta[ type IV collagcn in identica[ conJitions a" abovc hut 
at 37 C wc ll'ere ahlc to detcct an aggrcgtrtion with disappcarancc or typc IV colkrgcn major hand' in SDS· 
PAGE. ~;ven without the prcsence o f vcnom ~uggesting a temperalur<" susccptiblc denaturation which m~1dc thc 
cxperiment Jn\'alid. For tvpe I collagen lhe deg:radatwn ~llhJics pcrformeJ at 25 and 37 C showcd no tlilfcr
cnccs. 

Ejf(•cl o/prmcirww i11hihi1ors llll rire .Jihmncnillnlr!ic aml!ihrinogcmlll"lic llclil'ilÍi'S o/J'C/10/l! 

Human plasma libronectin and human lihrinog~;n werc mcubatcd with L. inlamcdia vcnom at a ft1tio oi" 
tlOO:ll suhstratc·\·cnom :ll 37 C for 16 h in thc pr<"scnce of <I divalcnt metal chclator, o;uch as EDTA (:::' mMJ 
or 1,10-phcnanthrulinc l.~mMl. a serine-prntcao;e inhihitors. such as aprotinin {2pg/mll or PMSF l:'ímM). a 
throl-protcase inhihitor. <;ttch as lcupcptin 12 )lg.ml). o r an acrJ-protcasc inhihitor. such as pepstatm-/\ (I _ug 
rnl). Ao; ncg:atÍH~ ~·onlrnls lhe rcspcctivc o;uhstratco; were incubatcd al 37 C for 16 h in thc ahsencc of vcnom 
and for positíve controls thcy wcrc incuhated undcr lhe -;ame conJitions. hul in lhe prescnce oi· vcnom and in 
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lhe abscncc of protcusc mh!lJtlors. Prolcolytic dcgradation~ II'Cfc stopped hy placin!,! thc samples ~11 -20 C anti 
subjectlll!,! thcm lo S"o SDS-PAGL under rcducmg condilions for tibrnncclin nr non-n:ducmg condillnns fm 
libnnogcn. Bolh gcb wcn: swmed hy Cooma~sic Bluc R . 

. \"n.\"-JNdl·rt,TI"/anlide ~;d dcctnl!!lu!n"\·is t .'i/).\"-1'.~ (i f:-,. 
Samplc~ wcn.• carrinl oul in:'. 7.5 or 12"-n pPI~acrybmlclc geb <I~ dc~cnbcd hy L;n~mmh (]lJ7111undcr rcdu

cmg n1· 1Hl11-rcducmg condilinns and ~t;tincd with Coomassic Bluc R Thc mr1kcubr mas-; markcr~ u~cd wtiT' 
m;.nsin t205 kD;l). fi-g~tbcto~idil~l' (li(, kD;1L plw~phnr:la~c B [lJ:O.: kD<tl. hn\11\C sc•rum alhumin t67 kDa). 
m·;dhullllll (-1-..J- kDal and mrh0111L' ;mhydr;l~L' t::'<J kD;tJ plii'L'hil.>l'd fnllll Sigm;1 

.'--;IJS-f'.-1 (i L< I IIIO!!;flll!l.\ 

12", SDS-PACiL gcls ll'l'rc prcp;lrcd as dcscribcd 111 S..:cl\!111 2.S anti pnlymcr11<.:d ~11 tina] Crlll<.:Cntr;ltÍ<11l'i uf 
gdatin 1:1 111!;! mll. tibronl.'ctin 12 1ng mll or lihrllHlgcn 12 mg ml) S:llnpk-> of -1-1111_!! nf H'llllm lll.'!'C di>s"l\ced in 
L1cmmli hull~r in lhce ahsr;m:c oi' rcducmg agcents nr l't'r m<el~dloprotcinclsc acltl'illHl\l ~tud1cs ~:lmplc~ uf -10 pg 
oi' IL:tlum 1\CIT prc-incuhalcd al ~7 C for~ h lll 2 ml\.1 oi' APMA (S)1!lll.i) l'rce-;hl: pr~·p<~rcd 111 IUJ5 N NaOH. 
procce,~cd a~ 1\l Scl'lion 2.5 ~111d elcctrophorcscd '11 2:' m:\ ;ti !'0<1111 lcmpcraturc i\lkr clcqrophorcesis. gcls 
11cr~· llil'ihcd l'ur :;o min Ítl 2.5", Tnton X-100 (Sigm,tl i<' lTnHli'C SDS and itKub<ilcd n1crt11_!!ht c11 _i7 C in 
:iOmJ\..1 Tri~ HCI pl--1 7_'}._ ::'00 mM NaCI.:; mr-vl CtCI~ t'r 111 thc ~:1mc hullá ~llld ~·onditi\111S. L"Pnl:lining _, ml\1 
pl- I lll·phcn~tnthrolinc and thcn ~winced wilh Coomas,k Bluc f{. Clc;u· ;onc' ut' substt·atc ly:..is <1g:1imt ;1 b1u~· 

h;ickgn'lllld ~tain indtc:\lc•d tlll' prc~l'lll'C oi' dcg:rading <enlymc~. 

(,do!ii!-.ICJI!Wrusc cn:.l'IIIC Jlllri/ical!otl 
/_ow_,,-<"f,._, im,·rmcdu! 1·cnom (3 mgl 11as ;1ppliced lo gcl~llin-Sceplwrn~c ~t!linit~ bcad~ as d..:snihced h~ M~1cka~ 

\'I (1/. ( 1lJ<JOJ and incub<ttcd o\·crnight with cnd-o1cr-cnd-rnlalion <ll -1 C Gci.llln hmding !lll1icL·ulcs 1\'l.'t'C celutcd 
11ith 7j"" dime~hyl sulfoxidc and thce cluat<C di:1l;>J.cd <lf!ain~t S mr--.1 Tris- HCL pfl 7.:1. conlaming: 0.5 mM 
CaC\2 and conccenlr~llcd (IOx) in a 1·acuum conccnlratnr Enzymc actii'Íty' 11-:1s ,-crillcd hy ~:ymography in a 
12'\, SDS-PAGE in :1 gcl eopolyml.'t'Ílcd wilh gelalin U mg mil a 'i dcscribcd abol'<e or silwr 'il<tinced for prolcin 
hand~ a~ Llcscribnl hy Wray c/ ai.. 19tll. 

RESLLTS 

Degradation sflldies fd. cxrrace!lu!ar motrix lllolcculcs h.1· Lo.vosce!es iJI!Crnlcdia J'enom 
Extracellular matrix components are targets for protcolysis by severa! proteases pre

sent in snakc venoms, which produce their noxious effects (markcdly haemorrhagic acci
dent:s) by proteolytic dcgradation of solublc plasma matrix molecules as fibrinogen and 
fibronectin (Williams e/ a/ .. 1983). Since vascular prob!ems are a major consequence in 
!oxosce!ism. wc exammed the presence of proteinases in thc venom of the L. inramedict 
spider studying thc degrading effecl of this venom on purified extracellular matrix moi-

Fig. I (Opposile.) 

Fig. I. Proteolytic effect of L inlermedia venom in exlraccllular malrix moleculcs. EHS laminin 
IA). type I collagcn (B), type IV collagen (Cl and lihronectin (0) were incubated with venom ata 
ratio of ( 100:1) substrates:vcnom ai 3TC (cxccpt for type IV collt1gen that was cvaluated at 25'T). 
For !aminin, type I collagen and fibronectin. degradatíon V>'as <tssesscd following incubation for O h 
(lane 1). :IOmin (lanc 2). I h {lane 3), 2 h (lane 4). 4 h (lunc 5). X h (lanc 6) tmd 16 h (lanc 7). Lane X 
shows conlrols for purified molecules incubated for 16 h at 37 C in the abscncc o f vcnom. Type IV 
collagen degr<ldttlion was asscssed following incuhation for O h (lane 1). I h (lanc 2).2 h (lune 3). 
4 h (!ane 4). 8 h (lanc 5) and 16 h {lane 6). Lane 7 shows wntrols for experimental ~lability type IV 
collagen incubated for 16 h in the ubsence of venom. Degradation products were dctcrmincd by 
Coomassie Blue R stain following 5'Y,, SDS-PAGE J(A). (B) and (D)] or 7.5% SDS-PAGE [(C)] 
under reduccd condilions. (A) The open arrow shows fil and :·1 chains o f EHS !aminin that comi
grate and the closed arrow depicts thc )!l chain. Thc 150 kDa band rcprcsents entactin copurified 
with laminin. (B) Tlle arrow hcad represents the )!] type I collagen chain. the open arrow shows the 
:il chain and the closcd arrow shows lhe dimer fi chains. (C} We can sce lhe major components. 
100. DO. !60 and 170 kDa. of pcpsin-extraclcd human placcntaltype IV collagen. (D) The arrow 

shows comigratory tibronectin A and B chains. Molecular mass markers are shown on the left. 
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Fig. 2. Proteolytic effect of L intermedia venom on human fibrinogen. Human fibrinogen was 
incubated with venom ata ratio of (100:1) substrate:venom a! 37'-C. Proteolytic hydrolysis was 
assessed following incubation for O h (lane 1 ). 30 min. {lane 2), I h (lane 3), 2 h (!ane 4), 4 h 
(lane 5), 8 h (lane 6), 16 h (lane 7), lane 8: fibrinogen incubated for 16 h at 37oC in the absence 
of venom. The degree of cleaving was determined by Coomassie Blue R stain following 5% 
SDS-PAGE under non-reducing conditions (Al or si!Ver stain following 7.5% SDS-PAGE under 
reduced conditions (B). Arrow head shows fibrinogen y chain. open arrow R{{J) chain and closed 

arrow A(:x) chain. Molecular weights are indicated on the left. 

ecules by proteolytic digestion kinetic experiments from 0-16 h (laminin, type I collagen, 
type IV collagen, fibronectin and fibrinogen). As shown in Fig. I neither laminin (A), 
nor type I (B) or type IV (C) collagens suffered any kind of proteolytic degradation by 
venom action during 16 h; on the other hand, fibronectin (D) was completely cleaved. 

Partialfihrinogenolytít actil'ify r?l L. intermedia IY!nom 
Sincc we detected a proteolytic activity of L. intermedia venom on fibronectin. a 

major cell-adhesive protein involved in platelet adhesion and aggregation, inftammatory 
processes and wound healing (Ruoslahti, 1988: Veiga et ai., 1996, 1997), we decided to 
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evaluate its action on fibrinogen. a soluble plasma matrix molecule involved in blood 
coagulation by tlbrin net formation and platelet aggregation. As depicted in Fig. 2. pro
teolytic kinetic studies for 0-16 h. as in Section 3.l. showed a partia! dtgestio11 of fibn
noge11 between 8-16 h. with proteolytic activtty only 011 the A(.:x) chain and without 
etfect on 8(/i) or /' chains. 

Jnhihirory (:tfi:cl o( dirale11t nwui/ chclators 011 protco!rric acririrr o( L. inrcrmedia 1'1.'110111 

In order to obtain informatio11 abotlt the nature of the proteolytic cffccts produccd 
by L. intr:rmedia venom. we studied its degrading actJOn 011 fibronectin and fibrinogcn 
in the presence of inhibitors of four major groups of proteolytic enzymes. ~uch as 

kOa 

205-

116 

98-

kOa 

205-

116-

98· 

1 2 3 

1 2 3 

4 5 6 7 8 A 

4 5 6 7 8 B 

Fig. J_ Prot.cao;e inhihitors ;tclion tn proteolytic hydroly~is clkct ur L. inlermedi11 venom. Hum;tn 
plasma libronectin (A) or hnman tibrinogcn (3) were im;ubatcd wtth venom ata ratio o f { 100:1) 
substrates:venom at 37 ·c for I ó h in presence of dillácnt protease inhibitors: EDT A (lane JJ. 
1.10-phcnanthroline (lane 4). aprotinin (lanc 5), PMSF (lane 6). leupeptin (lane 7) and pepstatin
A (lane X). Lane I shows negat1ve controls: fibronet:tin and fibrinogen incuhated for 16 h in 
absence of venom. lanc 2 rcprcsents degmding positive contrais: incuhation for 16 h in lhe prc
sence of vcnom. Degrading products were submittcd to 5'~/o SDS-PAGE under rcducwg con
ditiom for fibronectin (A) or non-rcducing conditions for tibrinogen {8} and staincd by 

Coomassie Blue R. Molecular mass marker~ are on Lhe left. 
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EDTA and 1.10-phenanthroline (metalloproteinase inhibitors), aprotinin and PMSF 
(serine protease inhibitors), leupeptin (thiol-protease inhibitor) and pepstatin-A (acid 
protease inhibitor). As depicted in Fig. 3(A) and (B) proí..eolytic actions of L. intermedia 
venom on tibronectin and fibrinogen, respectively, were blocked only by 1.10-phenan
throline and EDT A. suggesting the involvement of divalent metais in these degrading 
mechanisms and pointing to the presence of hletalloproteinasc activity in the wnom. 

Presence o{ a 32-35 /.:Da Kelatinolytic moiecuie in L. illtermedia Fenom 
Given the probable involvement of metalloproteinase(s) in the degrading effects of L. 

intermedia venom. our next goal was to characterize its molecular mass. Based on the 
fact that neither types I or IV collagens nor laminin suffered any kind of protcolysis 

1 2 3 A 

kD• 

44-

29. 

1 2 B 
kDa 

44-

29-

Fig. 4. 32-35 kDa gelatinolytic activities in L. imermedit1 venom. (A) Samplcs of 40 pg o f venom 
werc untreated (lanes l and 3) or pretreated for 3 h at 37"'C with 2 mM APMA (lane 2) and ~uh
jected to a 1.::!% SDS-PAGE unpregnated with gelatin. Zymograms were dcvclopcd overnight at 
JTC in the absence (lanes I and 2) or presence of 3 mM UO-phenanthrolinc (lane 3). B; L. 
in/('rmedia venom was alfinity chromatographed in gclatin-Sepharose bcads und hound matcnal 
eluted with 7.5% Me:2SO containing buffer as described in Sect10n 2. Eluted material wa> ana
lyzed in a ~:ymogram by 12% SDS-PAGE containing gelatinas substrate (lane !) or silver 

staincd for protein content (lane 2). Molecular weight markers are shown on lhe lert. 
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when submittcd to thc venom. we performed a zymography expenment using gelatin 
as a substratc in the presence or absence of 1,10-phenanthroline. As shown in 
Fig. 4{A). thcre is in the venom a gelatinolytic activity in the region of 35 kDa (lane 
I), that was completely blocked by d1valcnt metal chelator (lane 3) corroborating the 
~1bove results. Some metalloproteinases are secreted as latent pro-enzymes that 
undcrgo protcolytic cleavage (propeptide domain) during activation and it 1s true for 
matnx metalloproteinases (Birkedal-Hansen et al., 1993; Kleiner and Steler
Stevcnson. 1993) and for reprolysins (Hite et a/ .. 1992; Paine et al .. \992: Bjarnason 
and Fo).:, 1995). To examine the presence of a propeptide in the 35 kDa gelatinolytlc 
protein of L. intermedia venom, we treated the venom with APMA (an organomer
curial drug that converts latent forms of proproteinases to active fonns by autolytic 
cleavage) (Grant et a/., 1987; Nagase et a/ .. 1990). As depicted in Fig. 4(Al (iane 1) 
\Ve can .see that after APMA treatmcnl the 35 kDa gelatinolytic form rcsulted m a 
32 kDa form. strongly pointing to the prcsence of a propeptide domain in this 
enzyme. 

Some rnetalloprotemases described in vertebrates compareci to other proteinascs, 
have additional domains similar to the gelatin-binding domains of hbronectin that 
confers its gelatin binding activíty (Huhtala et ai .. 1990; Collier et a! .. \991). In 
arder to confiim the molccule o f 32~35 kDa. present in L. i11termedia venom. as a 
gelatinolytic protease. we submitted the venom to gelatin-affinity chromatography. As 
show·n in Fig. 4(8) zymography (using gelatin as substrate) of attinity punfied ma
terial from the venom. depícts <1 32~35 kDa protein with gelatinolytlc w::tJvlty [a pat
tern similar to APMA-treated venom as depicted in Fig. 4(A)] and by a mass 
criterion using silver staining in the same material eluted from gelatin-chromatog
raphy. we can see Lhe protein band at 32~35 kDa confirming this venom spider 
metalloproteinase as a gelatin binding and gelatinolytic moleculc. 

Fihronectino!_rtic mui fihrinogeno!ytic activities of metalloproteinases in L. intermedia 
1'('/10/J/ 

We next examined the ability of this enzyme to cleave fibroncctin and !ibnnogen 
(the two substrates sensitive to degradation by the venom) performing zymography 
experiments using plasma fibronectin [Fig. 5(A)] and fibrinogcn [Fig. 5(B)] as sub
strates under the same conditions as used in gelatin zymography. either in the 
absence (iane I) or presence (lane 3) of 1.10-phenanthroline. or with venom pre
viously treated by APMA (lane 2). We can observe that using these substrates there 
was no detection of gelatínolytic enzyme of 32~35 kDa, as depictcd in Fig. 4. but 
instead a 28 kDa molecule. with flbronectino[ytic and partia[ fibrinogenolytic activi
ties. that had Jts protcolytic hydrolysis effects comp!etely b!ocked by 1.!0-phcnan
throline and sun·ered a decrease in molecular weight to 20 kDa after APMA 
treatment_ In addition, identicai!y detected as for the 32~35 kDa form. this 20~ 

28 kDa metalloprotemase ís also eluted from a gelatin-sepharose co!umn coníirmmg 
its gelatin binding ability [Fig. 5(C)]. These resu\ts not on!y detccted other metal\o
proteinase in the venom hut also showed substrate specificity since these latter forms 
(20~28 kDa) a!though binding gelatin, only cleave fibronectin and fibrinogen. whereas 
32~35 kDa gelatinolytic molecule has no effect on these substrates. Zymography ex
periments using casein as the substrate under the same conditions as described 
above showed no degrading signals for 32-35 and 20~28 kDa enzymes corroboratíng 
the above specificities found (data not shown). 
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Fig. 5. Fibronectinolytic and fibnnogenolytic activities of a 20-2~ kDa molccule in L. intamedia 
vcnom. Samples of 40 t~g of venom were untreated {lanes I and 3) or pretreated for 3 h at 3T C 
with 2 mM APMA (lane 2) and subjected to 12% SDS-P/\GE contaming as substrates purified 
human fibronectin (A) or human fibrinogen (B). Zymogram~ were developed overmght at 37 C 
m the absence (Iancs I and 2) or prescncc of 3 mM 1,10-phcnanthroline (lane 3). The venom was 
affinity chromatographed in gelatin-Sepharose beads and eluted by 7.5% Me2SO containing buf
fer as described in Section ·2, subsequently analyzed by 12% SDS-PAGE and silver stained for 

protein content (C). Molecular mass markers are on the Jeft. 

DISCUSSION 

Metalloproteinases have been described as proteolytic enzymes involved in haemor
rhagic effects of severa! snake venoms (Takeya et a!., 1990; Sanchez et a!., 1991; Hlte er 
a!., 1992; Bjarnason and Fox, 1995). In this report working with L. interrnedia venom 
we were able to detect a selective proteolytic activity to degrade extracellular matrix 
molecules. The venom showed no ability to degrade fulllength EHS laminin, type I and 
type IV collagens under conditions that preserved the tertiary structure of these mol
ecules, but partially cleaved native fibrinogen A(o:) chains, with no activity on the B(fn 
and }' chains and completely degraded both A and B fibronectin chains (Figs 1 and 2). 
In addition, under the conditions used in this study in the ratío of venom:substrates 
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(I: I 00). only EDTA and 1.1 0-phenanthrol!ne (metal chclators) complctcly hlocked thc 
deaving acuon of venom on fibronectin and fibrinogen. compared to othcr enzyme m
hibitors. such a~ scrine-proteasc mhibitors. thioi-protease mhibitors and aCld-protease 
inhibitors. that had no cffect on the dc~radin2: action of the venom (Für. 3) indicatlm! 

~ ~ ~ ~ 

the participation of metailoprotetnase(s). This preliminary conclusion is bascd on thc 
fact lhat the metailoprotcinase family shar...-:s a diversity and sclectiYity in substnlles and 
that aJI Cll7)111é'S or this li.uniJy possess i\ metal a tom binding .'.equcncc in the C:ltalylÍC 
domain IEmonard and Grimaud. 1990: Matrisian. 1990: Birkcdal-Hanscn cr a/.. 1ll9J: 
Rawlmgs and 8nrrett. 1995). 

The confirmation of a metalloproteinasc 111 the venom 1s shown by its abiltty to 
degrade gdatin m a zymogram US kDa a~ apparent electrophorctic mobility). by it:-. 
sens1ti\'ity ll) tbe zinc chelator 1.10-pltcnanthrolme in lhe ~ame zymogram. it~ ~peci!lc 

actn·auon ,:nd convcrswn by APMA (an organomercuríal drug) to ct ~:::h Da form 
[Fig. 4(A!] and hy its ability· to hmd lo gclatin-sl..;'pharosc chromatographv [Fig. -+!B)]. 
Togcthcr \\ 1th the selectivity and scnsJli\ ity fcaturcs or mctalloprotcmase~ '\~ d1~Cusscd 

aho\e. another nnportant characten~tic of th1~ farnily' of cnlymcs 1s the 1~1ct that thcy 
are produced as zymogcn moleculcs and are secrctcd as latcnt pro-cnzyme~ that shou1d 
undcrgo protcolytic cleavage of an amino-terminal domain during acttvation (Klciner 
and Steler-Stewnson. !993: Fox and Bjarnason. 1995). We can conclude that lhe 
35 kDa gelatmolyttc mo!ecu1c is a latcnt pro-cnzyme form and lhe J2 kDa nwkculc rcp
resents an activatcd Corm obtamed allcr APMA trL'atment that induo:s an ~1utoly'lÍc 

clca\'agc nf thc propcptidc dom:tm. What are the natural substratcs and targcts fnr 32 
35 kDa gclatmolytic cnzymc? This is an open qucc;twn. Vcrtcbratc gdatinascs appear to 
dcgntde connective tissuc components (8irkcdal-Hansen et ai._ 1993) and related to th1s 
wc c:m suppo-,e thc involvemcnt of this en7yme in lhe dcrmonecrotic action of venom. a 
charactcnstic s1gna1 12 -24 h after L. inrermedia accidcnts. hut th1s is unclcar at lhe prc
scnt monh.'llt. 

lntercsting1y. in addition \\'e \\iCrc ah1e to dctcct 111 thc Ycnom. d sccond rnrm or 
metalloprote1n:1sC. with llbronectino1yllc and !lhrinogcnolytic l'eaturcs 111 zymog:ram cx
pcnments. \\·hich had an apparent molecular wcight nf 2~ kDa and had its proteolytic 
abilittes blockcd hy the metal chelator 1.1 0-phenanthro!Jne and v ... as converted hy 
APMA treatment to a 20 kDa form (Fig. 5). The 20-2X kDa form was a\so eluted from 
a gelatin-scpharose column [Fig. 5(C)]. 'iugg:esting that this cnzyme has g:elatin-binding 
domams. but \'v'Jth a 1owcr abihty to degrade gelatin comparcd to libnnogen and llbro
ncclll1. A1though C~lp.::tble o r binding gelatin. th!S mctailoprotelllase clC<IW.'i prefcrcntially 
!lbronectin or fihnnogen. Di!ferent peptide substrates can discriminale lhe proteo1ytic 
action of ditfcrent mctalioproteinases (Nctzel-Arnett e! a/.. 1991a) anda smgle amino 
acid substitut1on 111 substratcs can altcr the1r dcgradmg suscepllhi1ity (Ficlds ct ui .. 
!9X7~ Netzcl-Arnctt et ai .. 1991 b: Birkcdal-Hansen e! a/ .. 1993). Fibnnogcn is a d1mcric 
glycoprotcin of about 340 kDa fonncd by three diiTcrcnt clwins cova1cntly as~ociated by 
disulfide bridges. \Wl11Cd an A(:z) suhuntt or 64 kDa. a 8(/)) suhumt or 56 kDa anda:' 
subunit of -1-7 kDa {William:-; L'f a/., 19SJ). The lowcr degrcc of proteolysis in a zymo
gram copolymcnzcd Wllh J-ihri1wgcn [Fig. 5(8)] (thcre was no improvemcnt cven with 
longcr digestion time) compared to wtth 1ibroncctin [Fig. 5{A)] and gclatm [Fig. 4(A)] 
can bc cxplcuncd by partia! dcgradation or !lhnnogen :ts dctccted in Fig. 2 whcrc \VC 
can scc thc \'Cnom action on1v in thc i\(:1.) chain, but without c!Tect in thc 8{/i) or ·; 
chains comparcd to protco!ytic hydrolys1s or hoth A and B tibroncctm clnins 
[Fig. 1(0)]. Venoms or van-ous snakcs conta111 proteo1ytic enzymcs that clcave !ibrino
gen partially triggenng disseminated intravascu1ar coagulation by !lhnn formation 
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(Williams et a!., 1983). Disseminated mtravascular coagulation is a disorder associated 
mth L. intermedia accidents and from this we can specu1ate the invo1vement of L. inter
mediu fibrinogenolyti-::: metalloproteinase in this syndrome. 

For metalloproteinases to function as enzymes that cleave substrates 'in Pivo'. they 
must be converted o the catalytically active form. In the case of metalloproteinases of 
L intermedia venom. indeed a small amount of aclive forms of gelatmolytic and fibro
nectinolytic or fibrinogenolytic are present in some batches of venom and can be 
detected through zymography experiments (data not shown). but the behavior of accl
dents w1th Loxoscelt!s spiders that usually provoke the harmfu1 effects on1y 8 to 16 h 
after the bite point to enzyme activation in the blood. which rcally can be made by thc 
plasmmogen activator-plasmin cascade system as described for some metalloproteinascs 
including interstitial collagenase. stromelysins and gelatinases (Klciner and Steler
Stevenson. 1993: Mignatti and Rifkin. 1993). Howe\'er. we cannot ctiscard the fact that. 
10 the Loxosceles system described herein. a proteolytic enzyme also activates metallo
proteinases in the venom. since we could detect a 220 kDa proteolytic molecule in the 
venom not sensitive to metal chelators or APMA activation (data not shown) that 
could participare in this event. 

We postulate here. in light of the first detection and characterization of metalloprotei
nases in Loxoscefes venom, the trivial name Loxolysin A to 20-28 kDa and Loxolysin 
B to 32-35 kDa proteases. which combines a reference to the spider genus (Loxo) and 
the proteolytic effect (lysin). 
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Abstract 

ln !he presenl investigatíon, in order to dispute the rational criticism against lhe presence of proteolytic enzymcs in thc 
dcctmsti mulated venom obtained from spiders o f the genus Loxo.~celes, as a consequencc o f contamination with abdominal 
~crctions. venoms of L intennedia and L laeta were directly collected from venom glands by microdisscction and gentle 
homogcniLalion. Gel electrophoresis stained by silver method carried out to compare L intennedia e!cctrostimulatcd venom 
and venom gland extract demonstrated no sígnificant differences in protein profile. Zymogram analysis of L intennedia venom 
gland extract detected a gclatinolytic activity in the 32-35 kDa region. The inhibitory effcct of l.IO-phenanthroline on this 
proteolytic activity further supported its metalloprotease nature. In proteolytic digestion experimenL<; L intennedia venom 
gland extract was a!so ablc to c! cave purified tibronectin and fibrinogen. The inhibitory effect o f 1, 10-phenanthroline on these 
degrading activities confirmed the presence of metalloproteases in lhe venom. In addition, when purified fibrinogcn was 
incubated with L intennedia abdominal extract. lhe fibrinogenolysis was completely different, generating low mass fmgments 
that nm away from the geL a proteolylic event not blocked by 1,10-phenanthroline. Zymogram experiments using L laeta 
venum ghmd extracts funher detectcd a gclatinolytic hand at32-35 kDa., also inbíbited by I, I 0-phenanthro\ine, confirming the 
presence uf metalloproteascs in bol.h species. © 2002 Elseviec Scicnce Ltd. Ali rights resecvcd. 

Kenvord1·_· Proteases: l.1!xosceles: Zymogram 

1. Introduction 

Brown spider venoms have been reponed to cause two 
major dinical signs in accidcntal hitcs. Thc skin lesions 
appear hctwccn 4 and 12 h aftcr cnvcnomation andare char
actcrizcd hy oedcma and local hacmorrhage at the hite site 
and may progress to an imprcssivc necrotic lesion of cuta
ncous tissuc with gravitational sprcading and formation of a 
hlack cschar in the ncxt 24---48 h aftcr thc accident (FutrelL 
1992; Sczcrino ct ai .. 1998: Sams ct aL 2001). Thc systemic 
c!Tccts gcncrally occur 24-48 h aftcr cnvenomation. 'lbey 
are hematologic disordcrs such as hemolytic anemia. 
thromhocytopcnia and disseminatcd intravascular toagula
tion (prohahly evoked hy thc din:ct iihrinogcnnlytic activity 

_, Cnrrcsponding author_ J--.llx: -1-55-41-:266·2042. 

f:-·!1111il ruidrPxs: vciga~s(<llhio.urpr.hr {S.S. Vcig~ L 

ofthe venom) (Futrell, 1992; Williarns ct al., 1995: Sczcrino 
et ai., 1998), as well as othcr disturbances such as renal 
failure, fever, weakness, nausea, anel vomiting (Futrell, 
1992; Sezerino et al., 1998; Lung and Mallory, 2000). Thc 
molecu1ar and cellular aspccts o f loxoscelism have not beco 
well established. Polymorphonuclear leukocytc.s prcsent at 

the bite si te and around it havc bcen reported to play a role in 
the skio lcsioos (Smith and Micks, 1970; Patel et ai., 1994). 

The activatioo of the autologous complern!nt altcmative 
pathway also seems to participatc in lhe noxious cffccl~ of 
lhe ve110m such as erythrocytc lysis and dcrmonccrusis 
(Futrell, 1992; Tambourgi et a\., 1995, 2000). "lhe serum 
amyloid P component also scems to participate in the 
thrombocytopenic activity of thc vcnom and in it.~ indinx:t 
ischemic effecl<; (GJ.tes and Rccs, 1990). 

'Thc mechanism<; hy which hrown spidcrs cause local and 
systemic lesions can also hc aUrihutcd to protcolytic toxins 

11041-11 I O 1/!WS . se c fmnt matter r!) 2002 F::lscvicr Scicncc Ltd_ Atl right.~ reserved. 
Pli: S!Hl.J-1 -0 I O I (02)0007R-R 
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present in the venom which, by degrading fibrinogen, fibro
necLin. entactin. and heparan sulphate proteoglycan and hy 
evoking disruption of basement membrane strucrures 
(Feitosa cl aL 1998: Veiga ct aL, 1999, 2CXXla, 200la,b), 
can he associated with local haemorrhage, harmful necrotic 

eiTccL<; as well as gravitatíonal spreading of the cutaneous 
lesions and systcmic pathogencsis involving disseminated 
intravascular coagulalion and renal disorders. 

AI! results describing protcolytic activities in the L 
reclusa venom (Eskafi and Norment, 1976; Jong et aL, 
1979) or more recently in studies on L intennedin venom 
(Feitosa et ai.. 1998; Veiga et aL, 1999, 2000a,b, 2001a,b) 
used venoms ohtained by electric shock. These descriptions 
are open to cr:it.it.:ism conceming the fact that spider stomach 
egesta and the hydrolytic enzymcs thcy contain rnay be 
mixed \Vith thc vcnom during extraction. We present here 
evidcnce conlim1ing that thc venoms obtained directly 
from the venom glands of brown spiders have proteo1ytic 
activitics. 

2. Matcria1s and methods 

2.1. Reagents 

Fihronct:tin wus purificd from human plasma obtained at 
the Lnivcrsity Hospital. Fedem! University of Parana, by 
affinity chromatogwphy on gelalin-Sepharose (Phannacia, 
Uppsala. Sweden) as described by Engvall and Ruoslahti 
(1977). Purified human fibrinogen was purchascd from 
Sigma (St Louis. LSA) and gdatin was purchascd from 
Gibco ( Madison. LSA). 

2.2. i!t""nom extraction 

L intennedia vcnom was extractcd from spiders sub
mittcd to an electnc shock (15 V) app!icd to the cephalo
thorax. The vcnom was collected with a micropipette, dried 
and stored at -85 °C until use. A pool of venom collcr:tcd 
from approximately 500 spiders was used in the experimcnts 
(Feitosa et aL !lJ9X: Veiga et aL, 2000a). For L intermedia 
and L laeta venom gland collection. adult animais were 
anesthctizcd in a chlorofonn chamber and thcir abdominal 
compartments wcrc cut out and discarded using a stcrco
dissccting microscopc (Olympus. Japan). thc dorsurn of 
the cephalothorax of spiders was removed and a pair of 
g!ands wcrc col!cctcd into icc-cold PBS. The glands were 
wa~hcd in PBS in ordcr to remove some possihle contamin
ants and vcnom~ wcrc harvc~ted in PBS by gentle compress
ing o f the glands. Glands were rcmoved from the solution by 
centrifugat!Otl at 13.000 rpm and the venom gland extract 
'i"as storcd at -1\5 cC until use. Approximme\y 200 L inter
media and J(XJ L {,Jera spidcrs wcrc u~d in thcsc cxpcri
ment~- Thc protcin contcnts of dcct.rostimulatcd vcnom or 
venom glllild cxtrat:ts wcrc dctcrmincd by lhe Cooma.~sic 
bluc mcth(xJ iBio-RaJ. Hcrcu!c:-., USA) as dcsçrilxx.J by 
Bmdford ( I 9761_ 

2.3. Scanning electmn micmscopy analysis 

Thc vcnom appamtus of L intermedia obtained u.s 
described before was fixed in modificd Kamovsky's fixativc 
for 1 h, washed in 0.1 M cacodylic acid buffer, pl-1 7 .3, and 

postftxed in 1% Os04 in lhe sarnc cacodylic acid buftCr tür 
( h. The material was dehydrated in ethanol, critical-point 
dried, sputter--coated wilh gold, and examined wilh a MEV 
XL-30 Philips scanning eleclron microscope (dos Santos ct 
aL, 2000). 

2.4. Gel electrophoresis 

To compare thc prutein prufi.les of L. intermRdia electro
stimulated venom and venom gland extract, SDS gel 
c\ectrophoresis was performed as described by Laemmli 
(1970). Samplcs were submitted to a 3-20% (w/v) po1y
acrylamide gel linear gradient e]ectrophoresis under non
reducing conditions. Thc molecular mass marke~ used 
were thc 10 kDa protein laddcr purchased from Gihco. 
The gel was stained by the polychromatic silver method a~ 
describcd by Sammons et al. (1981). 

2.5. SDS-PAGE ::._vmogram e.lperiments 

To srudy the proteolytic activities in the vcnoms, 
zymogram cxpcriments wcre performed by 7.5% SDS
PAGE containing 3 mglml of copolymerized porcinc 
skín gelatín. Samp!es of 40 J.Lg of L intermedia or L 
laeta venom gland extracts diluted in Laemmli buffer 
under non-reducing conditions werc e!ectrophoresed 
(20 mA) at 4 °C. After thc run, gels werc washed twicc 
in 2.5% Triton X-100 for 30min lo remove SDS and 
tbcn incubated at 37 °C ovemight in 50 mM Tris-HO 
buffcr, pH 7.3, containing 200 mM NaCI and 1 mM CaCh 
and Mg02 in thc abscnce or presence of 5 mM 1,10-
phcnanthroline (see legend<> for details). Gels were 
stained with Coomassic blue dye and clear zones of 
substrate lysis against a bluc background stain indicated 
thc presencc of gelatin-degrading enzymes (Feitosa ct al., 
1998). 

2.6. Fihmnectin- andfihrinogen-degrading studies 

Purificd human fibroncctin or purificd human fibrinogen 
(sarnplcs of 100 J.Lg diluted in PBS) werc incuhated with 
samplcs of 50 J.Lg of electrostimulalcd venom. venom 
gland cxtract or spider alxiominal cxtract (~ee figure legcnd" 
for Jctails) at ]7 °C ovemight. Contrai :md digcsted 
materials were analyzcd by a linear 1-2CY'/o (w/v) SDS
PAGE undcr reduóng conditions for !ibroncclin or non
reducing cond.itions for fibrinogcn and slaincd with 
Cooma~sie blue dyc. 
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B 

Fig_ J .Scamüng cl.xtron micruscopic vicw or thc L imennedia venom appar.nus. Compara tive protein prolile of!he clecuostimu!ated venom 
and venom gland extract. (A) Pai:red venom glands (amlws) attached to chelicerae (arrow head) fonning rhe vcnom appararus are shown. The 
glands were collectcd tfom this apparatu~. cxhausüvely washed and rhen homogenized to produce the venom gland c~;tract. (B) Protein pro file 
o f c:b:trostimulatcd vcnom (l) or vcnom gland extr.~et (2) fromL intermedia, separated by polyacrylamide gel electrophorc-sis (3-20% w/v, 
linear gmdiem) under non-rcducing condltions and stained with a polychromatic silvermethod. Molecular mass marker poslrions are shown on 
the lett of the ligure. 

3. Results 

3.1. Lmt• magnifu:ation morpfwlogical view of the 
venom gland fmm L intermedia; compara tive protein 
proji!e of electmstimulated verwm mui venom gland 
cxrract 

In order to validate the model suggested for the study of 
proteuses direetly present in the venom of L intermedia, 
we show here by scanning electron microscopy a víew of 
the vcnom gland. Fig. IA depicts the vcnom apparatus 
nmsisting of two glands that are tm!bous in shape and 
two fangs. for vcnom gland extraction the glands were 
scparated without any kind of other tissue contamination 
and thcn proccssed as descrihcd in Scction 2. Fig. IB 
~hows a compuratíve protein profi!c of L intennedia 
venom ohtained by electrostimulation of the cepha!o

thorax or harvcstcd directly from venom glands. Protein 
l·ontcnts wcrc dctcrmincd by the Coomassie hluc mclhod 
(Bradford, 1976), normali?.ed and clcctrophorcscd by 
linear gradient .1-20% SDS-P/\GE under non-reducing 
conditions. with staining hy thc polychromatic ~ilver 

mcthod_ lt <:an he seen that both vcnoms are enriched io 
proteins of low molecular ma~s in the 20-45 kDa range. 
Thc prc.scncc of high molecular mass proteins was also 
ohscrvcJ to a l<!sser extcnt. 

3.2. Jdentification of metalloproteases in the venom gland 
e.xtract of L intermedia 

Given the probable involvement of proteascs in the 
noxious activities of L intennedia vcnom and the critic
ism of stomach egesta contamination when obtaioing thc 
venom by electrostimulation, we performed a zymograph 
experiment u..o;;ing gelatin as suhstrate. As shown in t<lg. 2, 
a proteolytic activity is prescnt in the 32-35 kDa region 
in the venom gland sample (lane 1). In order to obtain 
more information on the biochemical naturc of thi.~ gela
tinolytic protease described, wc rcpeated a zymogram but 
in the presence of l, l()..phenanthrolíne (since previous 
reports have been described mctalloproteases in the 

venom, see Section I for delails). As illustrated in lane 
2, this treatment completely blocked the gelaünolytic 
activity of lhe venom, supporting the view thal this mole

cule is a metalloprotease. 

3.3. Fibrinogenolyric andfl.bmnectiruJlytic activities in L 
intermedia venom f:latui extract 

Sincc we had pleviously Jcscribcd thc prcscncc of pmtco

lytic activities on pla.~ma cxtmccllular matrix moleculcs 

sueh as fibrinogen and fihmncclin in the clcctrmtimulated 
venom, we carried out an cxpcrimcnt to cbcck thc possiblc 
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1-!g. 2_ Prescnc~ oí gclalÍnolytic activity in L intermediu vcnom 
gland cxtr.tcL .Sampl~s of 40 ;Lg of venom gland extract werc 
subjcctcd to 7.5'k SDS-PAGE impregnated with gelalin. Zymo· 
gr.uno; w~rc Jcvclopcd at 37 oc overrúgbt in lhe abscnce (lane l) 
or prcscncc of 5 mM 1.10-phcnanthroline (!ane 2). Gcls werc 

staincd wilh n~Jmas~ic bluc dye. Molecular mass marken; are 
shown on thc lcfl. 'llte armw poinL~ 31 gelatinolytic activity in the 
32-35 kDa rc~ion_ 

action of thc vcnom gland extr-dCt on these molecules. 
Purified humllJl íibronectin and fibrinogcn werc incubated 
with c!ectrostimulated venom or venom gland extract under 
the samc experimental conditions (a~ described in Section 
2). As can hc obscrved in figs. 3 and 4A for fibronectin and 
fibrinogcn. rcSJX!ctively, both venoms hydroly7..ed thcse 
moleculcs in a similar manner. with phenanthroline block
ing hoth lhe tihnnogenolytic and tibronectinolytic activities 
of vcnom ghmd cxtracl rmd dcctrostimulated vcnom, 
strengthening the idea of metalloproteas.es directly present 
in L intennedia vcnum. 

3.4. Cumparison o( lhe jibrinogenolyric acrivity of 
eft>ctmstimu/alt'd \'enom, renom gland Pxtract and 

ahdnminul spider extracr 

To complete Lhe mukcular analys.is indicating the 
presence o f prote~lSCS in the venom of L intennedia, wc 
performcd a dcgradation smdy using puriticd fihrinogen (a 
good suh.~tmtc for protcoly~is) incubated with normalizcd 
samplcs o f dectro~timu!atcd vcnom. venom gland cxtract 
and \VÍlh spider abdominal cxtmct (with its digestive 
contents). Fig. --1-B shows ctn incrcased hydrolytic activity 
towards lihrinogen evokcd by thc abdominal extract 
comparcd to venom hydrolysis undcr thc samc cxperi· 
mental conditiom. ~uggcsting ditlCrcnt protcasc profile 
in thcse sarnp!es_ Thc ahsencc of an inhihitory clTect 
of phcnaothtnlinc on atxlominal cxtract proteolysis 
compan.::d tn its dfcct on n:nom protcolysis supports 
this hypothc~is_ 

kOo 1 234567 

50 

Fig. 3_ Pre:;ence offibronectiuo!ylic activity in L intemrecfia venom 
gland exrrat.'t. Samples of purificd human fibronectin were incu
harcd at 37 "C overnight wilh dcctrostimulated venom (positivc 
control for digestion) or venom gland extract. Materiais were 
submitu:d to a 3-20% {w/vj SDS-PAGE lineargradient under redu

cing conditions and thc gcl wa~ stained with Cooma~sic blue dye. 
Lanc 1: fibronectin incubatcd under idcntical cxperimen!al condi
tions but in the absence o f venom (contrai for substrate experimen

ml stability); !ane 1: electrophoretic mobility of the major proteins 
of t.he electrostimulated venom; lanc 3: fibronectin incubatcd with 

clectrostimulated venom; [;me 4: clectrophoretic mobility of the 

major proteins of tbe vc11om glaod exuad; la11e 5: fibronectin trea
tcd with venom gland cxuact; lanes ó and 7. respectively, fibmnec

tin incubated wit.h elccuostirnulated venom and with venom gland 
exlmct but in presence of 5 mM LlO-phenanthrolinc_ Molecular 

rnass markcrs are shown on the left. 

3.5. The pre.vence o f proleases in lhe venomç is a 
phenomenon similar for L intennedia and L laeta venom 
gland extmcts 

As all cxpccimcnl~ dcscribcd !-.O br wcrc pcrformed using 
L intermedia venom, which may suggest some species char
acteristic, we decided to invcstigate whether this phenom
enon is also presented in the vcnom of othcr Loxosceles 
species such as L laeta. For this purpose. venoms were 
obtained directly from thc venom gland and samples 
normalized for protein contcnL~ 'Nt:re analyt:ed by a zyrno--
gram copolymcrized with gclatiu A'> shm ... n in Fig. 5, we can 
see that identically to what was ohserved for L intermedia 
venom, L laeta vcnom aiso posscsscs proteases in the 
32-35 kDa rcgion (metalloproleasc). 

4. Discussion 

Working with s;unp[cs cxtractcd directly l'mm vcnom 
glands of L intennedia ancl L faeta. wc havc dcscribed 
thc prescnce of protea'ões in thcsc vcnoms. Wc carricd out 
cxpcrimcnts using vcnom gland cxlra<.:ts in ordcr to <.:ountcr 
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kDa 1 2 3 4 kDa 1 2 3 4 
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F-íg. 4. Prc'>Cncc offibrinogcll{)!ytic activity in L intermedia venom gland extract. (A) Samples ofpurified human fibrinogcn were incubated at 
37 oc for l fi h with clcctrostimulated venom (positive control) or venom gland extract. The extent offibrinogcn deavage was deterrnined by 
Coumassic blue staining a!kr 3-20% (w/v) linear gradient SDS-PAGE under noo-reducing conditions. Lane l represents fibrinogcn alone 
lnegative controlJ. lane 2 elcctrostimulated ve:nom alone, lane 3 fibrinogen cleaved by eloctro.~timulatcd venom, lane 4 venom gland cxuact 
:llone. and lane 5 fibrinogcn dcgraded by thc vcnom gland extracL Lanes 6 anel 7, respectively, depict fibrinogcn incubated with ctectro
stimulated venom or venom gland extract in the prcscnce of 5 mM I,IO-phenanlhroline. Molecular mass standards are shown on the !eft ofthe 
íigure. ( B) Fibrinugenolysis experimcnL~ wcre rept:ated by incubating fibrinogen with abdominal spider extract~ instead of venom. Lane l 
show~ fibrinogcn alonc (control forc~perimcnw.l stability),lanc 2 shows clectrophoretic mobility of major proreins from the abdominal extract. 
Iane J represents fibrinogcn incubated with the :J.bdominal extract, and lane 4 fibrinogen incubated with abdominal extract but in thc presence o f 
5 !lli'vl I, I 0-phcnanthrolinc. Molecular mass rnarkers are shoWll 011 the left. 

kDa 1 2 3 4 

200 

70 

40 

30 -
20 

10 

Hg_ 5_ Cmnparalivc gelatinolytic activiú.:s uf L imemu'dia and L 

l=ra venom gland extracls_ Samp!cs oontaining 40 1--lg of L inter· 
media (lancs ( and J) or L /aeJa (!ancs 2 and 4) venom gland 
extrac-ts wcrc applicd lo a 7 5% SDS-PAGE geiatin copolymcrized 
7ymogram. J:ymogr<lph.'> wcr!~ dcveluped a! 37 "C ovcmight in lhe 
<lbo.cncc of mctalloprotcasc inhibilOrs (lanes I and 2). ur in thc 
pn::scnce of 5 mM 1.10--phenamhro!ine {lanes 1 and 4). The arrow 
indicalcs thc posilinns nf gclatino!ytic activitics in hoth vcnom~ at 
32-35 kDa. 
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lhe very rational criticism concerning lhe fact thal electro
stinmlated venom may be contaminated with stomach 

egesta during lhe processo f obtaining venom. This criticism 

was raised against preliminary papers describing pruteolytic 
activities of L recluse spider vcnom on Heliothis viresceus 
and Museu domestica larvae (Eskafi and Norrncnt, 1976) 
and against lhe results of Jong et al. ( 1979) who observcd 
hydrolytic activities of the same venom on L-aminoacyl-f'.
naphthylamide derivatives, or against our previous reports 

in wbich, working with electrostimulated venom of L 
intennedia, we were able to describe protcolytic activities 

on gelatin, fibmnectin and fibrinogen (Feitosa et al., 1998; 
Veiga et al., 1999, 200la), disruption of EHs-bascmmt 
memb:rane structures with proteolysis of cntactin (Veiga et 

ai., 20(J(b, 2001a), or endothelial cdl cytotoxicity with 
hydrolysis of lhe hepanm sulphate pmteoglycan protein 

core (Veiga et al, 200lb). 
Ourworking model was ba<;ed on collcction o f the venom 

appmatus containing a couple o f venom glands and fangs by 
using a low magnification ligbt mü:roscope (sce Fig. IA), a 
procedure in which thc abdominal spidcr compartment 

(containíng lhe stomach and digcstivc hydrolytic cnzymes) 

was separated. 1be glands are then removed from lhe rest 
of the vcnom apparatus, washed exhausti vely with PBS to 
clcar some possible contaminant and thcn gcntly com

pressed to obtain lhe venom. Protein pmlile studies hctween 
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electrostimulatcd venom anel venom gland extract from L 
intemwdia (Fig. IB) showed that the venom<> are a mixture 
of proleins with a very similar electrophoretic profile espe
cially in the region of low molecular mass protein.<> (20-
45 k[b). a.~ prcviotL<;!y demonstrated (Veiga et al., 2000a). 
The expression of some individual high molecular mass 
proteins by the venom gland extract, not observed in elec
trostimulated venom. was probably due to celllysis during 
remova! of the gland Nevertheless ali of them were 
devoided of pmteo!ytic activities as shown in Fíg. 2. The 
absence of some differcnt proteins in the electrostimulated 
venom points against oral egesla contamination during 
venom harvesting. 

lhe presem:c of proteolytic uctivitie.o; in the venom of L 
intennedia (vcnom gland extm.ct) was frrst demonstrated by 
its ability to degrade gelatin in zymogram experiments, 
whcrc gelatínolytíc cnzymes with apparent electrophoretic 
mobilities in the 32-35 kDa region are visible (see Fig. 2). 
1be ínhibitory sensitivity to the zinc chelator 1,10-phenan
throline support.~ this hypotbesis anel ind.icates that these are 
metalloprotease molecules (Fig. 2. lane 2) as previously 
demonstrated hy electrostimulated venom (Feitosa et al., 
1998). 

In addition. we were ahle to detect in the venom gland 
extract thc sume fihronectinolytic and fibrinogenolytic 
activities (Figs. J and 4) a.~ fOund in clectrostimulated 
venom and prcviously dcscribed (Feitosa et ai., 1998; 
Veiga et al .. 1999, 2001a). The very similar cleaving 
products after fibronectin exposure to electrostimulated 
venom and to the venom gland extract (Hg. 3), as well as 
similar fibrinugen fragments prOOuced after venom treat
ments (t'ig. 4A). strcngthen the idea ofthe pre.sence of direct 
protcascs in L imennedia venom. lbe inhibilory effect of 
phenantbrolinc on thesc proteolytic activities furtber indi
cates the participalion of meralloproteases in lhe venom. 

Thc major criticism related to the process for obtaining 
electrostimulated venom and to proteasc description or 
identification in this venom is lhe possibility of some 
contarnination with stomach oral egesta and ali hydrolytic 
enzymes comcms prcscm in this secretion. The results illu
stratcd in Fig. 4A clearly show that both electrostimulated 
venom and venom gland extract act on fibrinogen in a simi
lar way. partially cleaving tibrinogen under lhe conditions 
assayed. On thc other hand. the spider abdominal extract 
digests ma diffcrent manner compareci to the deaving activ
ities oi thc venoms (hg. 4B). This dilferencc in c!cavagc 
pattcms for fihnnogcn trcatcd with venom or trcatcd with 
lhe abdominal cxtract indicatcs the absencc of venom 
contamination with oral egcsta undcr the harvesting condi
tions uscd. Thc inhibitory action of 1.10-phenanllrrolinc on 
tbe fibrinogt:nolytic acti vitíes o f the venoms. but its inability 
to hloc.:k abdominal extract pro!colysis (Fíg. 4B) further 
suppor1 this c.:onclusion. 

Finally. we invcstigmcd whcthcr these hydrolylic activ
ities of L iluennedio vcnom glund were also presented in L 
laeia. anothcr hrown spidcr spccies. A~ Uepicted in Fíg. 5. 

we can see tbat L laeta venom gland exrract displays 6!7 
proteolytic activity on gelatin. an effect idcnticaUy blocked 618 
by 1,10-phenanthroline. These result<; indicate that metallo- 619 

protea.~cs are present in both L ínte111U!dia and L laeta 620 

venoms, suggcsting a conservation featurc of possiblc bio- 621 
logical significance. li22 

The major clinicai characteristic at the site of a brown 623 
spider hite is a necrotic !esion (Futrell, 1992; Sams et aL, 624 
2001), and the real mechanism hy which the venom cause~ 625 
dermonecrotic le.~ions is currently under inve..~tigation. A 626 
30-35 kDa protein devoid of proteolytic activity isolated 627 
from vcnoms ofbrown spiders, hiochcmically chamcterized 628 
as a sphingomyelinase D, can prOOuce dermonecrotic li29 
lesions, platelet aggregation and red blood cell hemo1ysis 630 

in animais (Kurpiewski et aL, !981, Tambourgiet al., 1995). 631 
Recently, Monteiro et ai. (2002) isolated thc bacteria Cios- 632 
tridium peifringens in the venom and fangs o f L intennedia. 633 
Using experimental mudeis for dennonecrosis the autbors 634 

observed that venom and C. perfringens conjugated resulted 635 

in a striking increase of dermonecrotic pictures when 636 

compareci to venom alone, suggesting a role for C. perfrin- 637 
gens in cnhancement of the dermonecrotic lesion. On the 638 

other hand, systemic disturbances that may include dis- 639 
seminated intravascular coagu!ation, renal failure, as well 640 

as weakness, vomiting and malaise havc a!so heen reported 641 

after envenomation (Futrell, 1992; Sezerino et aL, 1998; 642 
Lung and Mallory, 2000). These actívities point to venom 643 
spreading to the body ofbite victims. an event that may be 644 
dependent on venom proteases. Gomez et al. (2001) 645 
described a direct corrclation between diffusion of the 646 
venom from the envenomation site, with inflammation reac- 647 
tion. lnterestíngly, Veiga et ai. (2000a) have shown that the 648 
venom acts on basement membranes causing disruption of 649 
thesc structures. as well as cytotoxicity on blood vessel wall 650 
cndothelial cells in vivo and in vitro (Veiga et ai., 200lb). 651 
Such venom degrading actívities on subcndothelíal base· 652 
ment mcmbranes may he relatcd to luss o f vesscl integrity 653 
anel spread.ing of thc venom toxins to undedying tissues. 654 

Considering lhe find.ings described before, it is possible to 655 
postulate that some pathological activities triggcred by thc 656 
venom such as haemorrhage into the dermis at the bite site, 657 

d.isseminated intrnvascu.lar coagulation and the defective 65R 

wound healing dctccted in sorrx: bite víctim~. could have 65() 
the participation of venom proteases, since tibronectin and 660 
fibrinogen are multifunctional protcíns involvcd in lhe 6ó I 
mechanisms ot" hcmostasis and Lissue rcpair (Ruoslahti, 662 
!988; Ruggeri, 1992). FrnaUy the presencc of proteases in 663 
thc vcnom rnay play an indirect role in thc activation of óM 
proteases released by patients which primarily appear to 6!15 
act on dennonccrosis, as is the case of nculiOphll protcases 666 
(Smith and Micks, 1970; Futrell, 1992; Patcl ct al., 1994) or 667 
prote.a.<:cs of the complement system. which also have hccn 668 
shown to participatc in dermonccro..~is and hemolysis 669 
(Futrcll, 1992; Tarnhourgi ct ai .. 1995, 2()(X)). 670 

Wc cannot rule out the involvementofdigestivc proteascs 671 
in lhe accidenL<; causcd by brown spidcn; as postulated hy 672 
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Atkinson and Wright ( 1992) and Futrcll ( 1992), but based 
on the ahove mcntioned result<>. it is possible to assume that 
metalloprotca...es are self eomponenl<> of brown spider 

venoms. 

Acknowledgcments 

lbis rcscarch was supported by granl<; from CNPq, 
CAPE.-). FAPESP, Fundação Araucária-Paraná and 
FUNPAR-UFPR. Wc acknowlcdge UPAPE (Labomtório 
Interdisciplinar de Pesquisa em Animais Peçonhentos, 
UFPR) for providing adult spidcrs for venom gland and 
electrostimulated venom extractions. We also are grateful 
to Elizeu da Silva Belly from FUNASA, who captures wild
spiders used in lhis protocol. 

References 

Atkinwn, RIC Wrighl. L.G .. J 992. Thc involvemcnt of co!lagen

a;;c in thc necrosis induCC~:l by the bites of sQmc spidcrs_ Comp. 

Biochem Physiol. !02 125-128. 

Bradfonl. M.M .• 1976. Rapid and sen~itive method for quantitation 

o f microgmm quantities of protcin utili.óng prindp!t: of pmtein
dye binding. Anal. Biochem. 72, 248-254. 

Engvall. E.. Ruoslahli. E., 1977. Bindlng of so!ublc form of fibro-
b!a.~t surfaec pr01ein. fibronectin. to coilagen. InL 1_ Cancer 20, 

1-5_ 
Eskafi. F.M .. NoriiJt:m, B.R. 1976. Pbysiologica! action of úJPJs

cdes red1Lw venom un in~ect larvac_ Toxicon 14, 7-12. 

t-eitosa. L. Gremslá. W .. Veiga, S.S., Elia.~. M.C.Q.B., Gr.mer, E., 
Mangili. O. C, Brcntani, R.R. 1998. Detection and characteri

zationof rncLallopmteina~cs with gclatinolytic, fibronectinolytic 
and librinogcnolytic uctivities in brown spider (Loxosceles 
imermedia) venom Tox.ioon 36, 1039-105 L 

t'uu-ci!. J.. 1992_ Loxocelism. Am.J. Med. Sei. 304. 261-267_ 

Gates. C. A .. Rccs. R. S., 1990 . .'icrum amyloid P componcm: its role 
in platelet activation >timulated by sphingomyelinase Dpurified 
t"mm útc venom of bmwn reclusc spider (l.o.wsce/e.~ r~<dusa}. 

Toxiwn 28, 1303-1315. 

Gomez. H.F.. Grecnlield. D.!vl., Mil\cr. M.J .. Warrcn. J.S., 2001. 
Dirc\:t corrclatmn between dül'usion uf l.llxosceles reclusa 

venom m1d extent nf dennal inflammation_ Acad_ Emerg. 

lvted. S. 309-JI4. 
Jong. Y.S .. :--inrmcnt. B.R .. Heitz. J.R .. 1979_ Scparation and char

acterization nf venum componcnt~ in f .. o.w.\·ce!n reduw-Il. 

Protcasc cn:ryme activity. Tox.icon 16.529-537. 

Kurpiewski. G .. Forrc~ter. L.J., Barrctt. J.T.. CampbciL B.J .. 1981. 
Platclct aggrcgatinn and sphingomyelinasc D activity of a puri
tied tnxin r"rnm the venom of !.<JX().~f·efe,- redus11. Hiochem 

Biophys. Acw ó7fl. 467-1-76. 

Lacmmli. !: K .. 1970. Clcavage of structw-a! protcms during the 
.J'scmbly of thc hcad of bactcriophage T-4-. .'!ature 227,680-

flf\5. 
Lung, J.:..-1.. :vlal!ory. S.B .• 20()()_ A child with ~pider bitc and 

glomcruloncphritis: a diagnmtic chat!cnge. lnL J. Dcnn.atol. 
J9. 287-289. 

Montem!. C .I.. H.. Ruhcl. R .. Cogu. LL. M:mgili. O.C.. Grcmski. 
W .. Veiga. S.S .. 2002_ lsolation and idemlli<.:mion of C'lostri-

diwn peifringens in the venom and tãngs of Lo:wsceles inter

media (brown spider): enhancem:nt ofthe dermonecrotic lesion 

in lox.oscelism. Tox.icon in pre~s. 
Patel, K.D., Modur, V., 2'.immerman, G.A. Prescott. S.M. Mclntyre, 

TM., 1994. The necrotic venom oJ brown reduse spider 
induces dysregulared endothelial cell-dependent neutropbil acti
vation. 1_ Clin_ Invest. 94.631---642. 

Ruggeri, Z.M., 1992. Von Willcbrand factor and fibrinogen. Curr_ 
Opin. Cell Biol. 5, 898-906. 

Ruoslahri, E., 1988. Fibronectin and it~ receptors. AnR Rev. 
Biocbem. 57, 375--413_ 

Sammons, D.W., Adams, LD., Nishimwa, E.E., 1981. Ultrnscnsi

tive silver-based. color staining of polypcptides in polyacryl

amide gels. Electrophoresis 3, 135-14 L 
Sams, Hlf., Dunnick, C.A, Smith, M.L, King, L.E., 200 I. Necrotic 

arachnidism.. j_ Am. Acad. Denn. 44, 561-573. 

doo Santos, V.LP., Franco, C.R.C., Viggiano, RL.L.. da Silveira, 
R.B., Cantão, M.P., Mangili. O_C., Veiga, S.S.. Grem~ki. W., 

2000. Sttucrural and ultrastructural de.<;eription of the venom 

g1and of LdXE~\·cele.\· intemredill (brown spider). Toxícon 38, 

265-285. 
Sezerino, U.M., Zannin, M .• Coelho. L.K., Goncalves. J., Grando. 

M., Mauosinho, S.G., Cardoso, J.L.C., von Eickstedt, V_R_, 
Fnmca, F.O.S., Harbaro, K.C., Fan, H_W., 1998. A clinicai 

and epidetniological smdy of 1--'>.n>.w:ele.v ~pider cnvenoming 

in Santa Catarina BraziL Trans. R. Soe. Trop. Med. Hyg. 92, 

546-548. 
Smith, C.W., Micks, D.W., 1970. The role of po!ymorphonudear 

leukocyres in the lesion caused by the venom of brown spider. 
Lab. Invest. 22, 90-93. 

Tambourgi, D.V .• Magnoli, F.C., Eickstedt. V.R.D .. Benedetti, 

Z.C., Petricevich, V L.. Silva, W_D_, 1995. Jncorporation of a 

35-kilodalton purified prorein from Loxosceles inlennedill 
spider venom transfonns human erythrocytes imo activators of 

autologous complemenr alternative palhway.J_ lmmunol. 155, 
4459-4466. 

Tambourgi, D.V., Morgan, B.P., de Andrade. R.M.G .. Magnoli, 
F_C., van den Berg, C.W., 2000. ÚJ.xm-celes inrennedia spider 
envenomatiCRI induces activation of an endogenous merallo

protcinase, resulting in cleavage of glycophorins úum the 
erythrocyt:e swface and facilitating complement-mediared 

lysis. Blood 95, 683-691. 
Veiga, S.S., Gremsk:i, W., Santos, V.L.P., Fcitosa, L, Mangili, O.C., 

Nader, H.B., Dietrich, C.P .. Brentaní., R.R.. 1999. Oligosacchar
ide residues oJ úx:wscele.f intennedia (brown spidcr) venom 

proteins: dependence on glycosylatiCRl for dermonecrotic activ

ity. Tolticon 37, 587-607. 
Veiga, S.S., Feitosa. L., Santos, V.LP., de Sou:r.a. G.A, Ribeiro, 

A.S., Mangili. a.C.. Porcionatto. MA. Nader, H.B .• Diclrich, 
C.P., Brentani, R.R, Grernski, W .. 2(X)O_ Efl"ect of hJ.X.o.\·celes 

inlennedia (brown spider) venom on ba.-;cment membrane srruc
rures. Histochem. J. 32. 397-4D8. 

Veiga. S.S., Da Silveira.. R.B .. Dreyfuss. J.L. Haoach, L Pereira .. 
A.M., Mangili, a.C., Gremski, W., 2000. Jdentitication of ttigh 
molecular weigbt serine-pmtea~es in ÚJxosceles intermediu 
(brown spider) venom. Toxicon 38, 825-839. 

Veiga, S.S., Zanetti, V.C., Fmnco. CR.C.. Trindade. F:.S .• 
Porcionat!O, M.A .. Mattgili. o_c_, Grcmski. W .. Dlctrich. C.J>., 
Nader, H.B., 2001. In vivo and in vitm cytntoxicity of brown 

spider venom for blood vessel endmhclial cells. 'Jltmmb. Res. 

102, 229-237. 

1ox1con - IV1odel4 - Rer sty1e 2 -ll!llli!lli'lli~llilll!!i!l~ ~mm•onmMIIiiiD!!II!Ig!!! Alden 

729 

730 

731 

732 

733 

734 

m 
73ó 

737 

738 

739 

"O 
741 

"' 743 

744 

745 

746 

747 

7.S 

749 

750 

751 

752 

753 

754 

755 

75ó 

757 

"' 759 

7ó0 

?ól 

762 

763 

71i4 

7ó5 

766 

707 

7ó8 

7ó9 

770 

771 

772 

m 

7" 
17.1 
71(, 

777 

m 
779 

780 

781 

7ll2 

7ll3 

7e4 



785 

786 

787 

"' 789 

790 

791 

792 

793 

794 

795 

796 

797 

798 

799 

81111 

801 

802 

803 

8114 

805 

80ó 

807 

80R 

809 

810 

811 

812 

1113 

814 

815 

818 

817 

818 

819 

820 

821 

822 

823 

'" 
'" 826 

&27 
828 

829 

SJD 

SJI 

"' 833 

834 

835 

838 

837 

R38 

R39 

840 

ARTICLE IN PRESS 
8 R.B. da Silveira et ai. I Toxicon ()() (2002) 000-000 

Veiga. S.S., 7.anctti, V.C., BrdZ, A., Mangili, O.C., Grem~ki W., 
200 L Extracc!!ular matrix molecules a~ targets for brown spider 
venom toxins. Br<~:~:. J_ Med. Biol. Res. 34, 843-850. 

Williatns. S.T. Khare. V.K, Johnston. GA., Black:all, D.P., 1995. 

Scvcrc intravascular hemolysis associared with brown rcclusc 
spidcr envenomarion-a repon of2 ca">es a review of tbe litera

turc. Am. J. Clin. PathoL !04, 463-467. 

To::dcon - Mcdel4 - Ref style 2 - IIJII!ll!illlol'im!!W_,II!I ICIIIMU4111!!!!! l'liZIIl!l klh Alden 

841 

842 

843 

844 

845 

846 

847 

84R 

849 

850 

851 

852 

853 

854 

855 

858 

357 

858 

R59 

360 

861 

862 

863 

'"' 865 

868 

887 

''" 
"" 870 

871 

m 
873 

874 

S75 

876 

877 

878 

879 

880 

881 

8X2 

883 

884 

885 

8S8 

887 

888 

889 

"o 
891 

892 

'" 8" 
HtJS 

H% 



ToxiCON 
PERGAMON Toxicon 37 (1999) 587-607 
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Luxosceles spp. l brown spider) envenomation has becn reported to provokc 
dermonecrosis and haemorrhage at the bite site (a hallmark of accidents) and, to a !csser 
extent. thrombocytopenia, hemolysis and disseminated intravascular coagulation in some 
cases. Using lcctin-immunolabeling, lectin-affinity chromatography, glycosidasc and 
proteinase K treatments we were able to identify severa\ venom N-glycosy\ated proteins 
with high-mannose oligosaccharide structures. complex-type glycoconjugates such as 
fucosylated glycans, but no galactose ar sialic acid residues as complex sugars or 
glycosaminoglycan residues. Working with enzymatically or chemical\y deglycosyhlted 
venom we found that platelet aggregation (thrombocytopenic activity) as well as the 
fibronectinolytic and fibrinogenolytic (haemorrhagic) effects of the venom were sugar
independeo! when compared to glycosylated venom. Nevertheless, zymograph analysis in 
co-polymerized gelatin gels showed that enzymatic N-deglycosylation of loxo\ysin-B. a high
mannosc 32.-35 kDa glycoprotein of the venom \Vith gelatinolytic metalloproteinasc 
activity, caused a reduction of approximately 2 kDa in lls molecular weight anda reduction 
of the gelatinolytic effect to a residual activity of 28% when compared to the glycosylated 

"' Corresponding author. Fax: + 5541-266-2042. 

0041-0101/99/$- see front matter ((__:; 1999 Elsevier Science Ltd. All ríghts rescrved. 
PII: S0041-0101(98)00!98-6 
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molecule, indicating a post-translational glycosylation-dependent gelatinolytic effect. 
Analysis of thc dermonecrotic ellect of the chemicaily or enzymatically N-deglycosylated 
venom detected only residual activity when compared with the glycosylated contrai. Thus. 
the present repor! suggcsts that oligosaccharide moieties p\ay a role in the destructive 
effects of brown spider venom and opcns thc possibility for a carbohydrate-based therapy. 
( 1999 Elsevier Science Ltd. Ali rights reserved. 

1. lntroduction 

The brown spider. genus Loxosceles. is becoming of great medicai importance 
with accidental envenomation (Loxoscelism) disseminated in ali American 
countries (Dillaha et aL 1964; FutrelL 1992). Preliminary studies have_shown that 
the venom contain severa! enzymes which are related to its deleterious effects. A 
sphingomyelinase of 32 kDa, apparently involved in platelet aggregation. has been 
described (Kurpiewski et ai., 1981). In addition, the venom contains other 
haemorrhagic factors, a metalloproteinase of 20-28 kDa (loxo1ysin A) with 
fibronectino1ytic and fibrinogeno1ytic elfects (Feitosa et a!., 1998), probab1y 
involved in the haemorrhage observed locally at the envenomation site and. in 
some instances. in systemic haemorrhage and disseminated intravascular 
coagu!ation; a gelatinolytic metalloproteinase of 32-35 kDa (loxo!ysin B) 
probably associated with the dermonecrotic activity of the venom (Feitosa et ai., 
199R). and other mo1ecu1es of 33, 34 and 35 kDa a1so associated with noxious 
activities of the venom (Geren et aL 1976; Barbaro et ai., 1992; Tambourgi et ai., 
1995) 

Little is known about the glycosylation-enzyme activities of venoms. Severa! 
snake metalloproteinases contain potential N-linked glycosylation sequences. That 
is true for H2-proteinase. a non-haemorrhagic protein from the venom of 
Trimmaesurus .flavovú·ides (Takeya et ai.. 1989); for high molecular mass 
haemorrhagic protein HR I B from the venom o f Trimmeresurus flm'OI'irides 
(Takeya et ai.. 1990): for LHFII. a protease iso1ated from the venom of Lachesis 
muta muta (Sanchez et a!., 1991); for Jararhagin, a high molecular weight 
haemorrhagic protease from Bothrops jararaca venom (Paine et ai., 1992); for low 
molecular weight haemorrhagic protease HR2a from the venom of Trimmeresurus 
flavoFirides (Miyata et aL, 1989); for atrolysin A (Ht-a), a haemorrhagic protease 
isolated from Crotalus atrox venom (Hite et al., 1994), and for rhodostomin, a 
protease isolated from the venom of Calloscelasnut rhodosroma (Au et ai., 1991). 
Among the severa! metalloproteinases that potentially have N-linked glycosylation 
sequences, at the present time only HRIB has been shown to contain 1\VO sugar 
chains at positions Asn 73 and Asn 181 (Takeya et ai.. 1990) and atrolysin A (Ht-a) 
sugar residues such as fucose. glucosamine, galactose, mannose and sialic acid at 
positions Asn517 and Asn 533 (Hite et ai., 1994; Fox and Bjarnason, 1995). Despite 
being potentially N-linked glycosylated, the functions and structures of the 
glycoconjugates of these venom metalloproteinases are currently unknown. With 
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respcct to other proteases in snake venoms, v .. ·e may mention the Factor-X
activating protein from Russcll's viper venom (RVV-X), a glycoprotein with six 
N-linked oligosaccharides such as high-mannose and complex bi-. tri- and tetra
antennary structures necessary both for the maintenance o f polypeptide structure 
and for the ability to activate Factor-X (Gowda et ai., \994: Gowda et al.. \996). 
Batroxobin. a thrombin-like serine protease from Bothrops moojeni, JS 

heterogeneously glycosylated with biantennary partially incomplete complex-type 
glycans and hybrid-type structures of unknown functions (Lochnit and Geyer. 
1995) and the coagulant thrombin-like enzyme. bilineobin from the venom of 
Agkistrodon bilineatus that contains six N-linked glycosylation consensos sites and 
linked fucose. N-acetylglucosamine, galactose, mannose and N-acetylneuraminic 
acid oligosaccharides. with the sugar moieties in some way regulating the activity 
of bilincobin. smce the deglycosylated enzyme generates more rapidly 
fi.brinopeptide A than native bilineobin (Nikai et ai.. 1995). With respcct to spidcr 
venoms and despi te some similarities to snake venoms in thcir activities. nothing is 
known about the sugar chemistry or glycobiology of proteins present in the 
venoms. 

We have examined the oligosaccharide profile and associated funclions of L. 
intermedia (brown spider) venom proteins. Using lectin-blotting assays. lectin
affinity chromatography, protease and glycosidase treatments we were able to 
detect asparagine-linked high-mannose, complex-type structures as N-linked 
fucosylated molecules. one serine./threonine-linked N-acetyl-galaclosilated protein. 
but the absence of linked g\ycosaminoglycan and galactosc or sialic acid residucs 
as complex structures. The platelet aggregation ability. hbronectinolytic and 
tibrinogenolytic activities of venom (involved in thc haemorrhagic effect) werc 
independcnt of sugar residues. but the gclatinolytic and remarkable dermonccrotic 
actions triggercd. by lhe venom were sugar-dependent. 

2. Materiais and methods 

].1. R(!agel1f.\" 

Human fibronectin was purified from fresh plasma (obtained from Hospital 
A.C. Camargo, S<.i.o Paulo. Brazil) by ge\atin-affinity chromatography (Sigma. St. 
Louis. USA) as described (Engvall and Ruoslahti. 1977). Human fibrinogen was 
purchased from Sigma and gelatin was purchased from Gibco (Madison. USA). 
Peptide-N'"'-(N-acetyl-fJ-glycosaminyl) asparagine amidase F (N-glycosidase F) 
rrom f7al'ohacterium /1U!I1ingosepticum. 0-glycopeptide endo-D-galactosyl-N -acety!-
1-galactosamino hydrolase (0-glycosidase) from Diplococcus pnemo11iae, sialidase 
from Arthrohacrer ureafàciens, a glycan differentiation kit and other digoxigenin
labeled lectins were purchased from Boehringer-Mannhein Biochemica (Mannhein. 
Germany). Biotin-labeled Pisum sativum lectin was purchased from Sigma. 
Concanavalin-A-sepharose was purchased from Pharmacia LKB-Biotechnology 
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(Uppsala, Sweden). Nitrocellulose membranes were from Bio-Rad (Hercules, CA. 
USA). 

2.2. Venom preparation 

L. intermedia venom (a pool from approximately 500 spiders) was obtained 
from sp1ders grown under appropriate conditions and submitted to an electric 
shock of 15 V in the cephalothorax as described by Feitosa et ai. (1998). In the 
platelet aggregation assay, zymogram experiments and dermonecrosis studies, the 
venom concentration used of 40 Jlg represents the average venom concentration 
injected in a spider bite. 

2.3. Analytical gel electrophoresis 

Analytica1 discontinuous electrophoresis was performed with 5% (wfv), 12% 
(w/v) or continuous gradient 3-20% (wfv) polyacrylamide gels under non
reducing or reducing conditions (depicted in legends) as described (Laemm!L 
1970). For protein detection, gels were stained with Coomassie Blue. For Western
blotting, proteins were transferred overnight to nitrocellulose filters as described 
(Towbin et ai., 1979). Molecular mass markers used were myosin, 205 kDa: fl
galactosidase, 116 kDa; phosphorylase-b. 98 kDa: serum albumin. 67 kDa: 
ovalbumin. 44 kDa; carbonic anydrase, 29 kDa purchased from Sigma. 

2.4. Lcctin-h!otting reactions 

Venom proleins (5 ~Lg) were either directly dot-blotted or e1ectrob1otted onto 
nitrocellu1ose membranes as described above. Detection of glycoproteins was 
performed using the glycan differentiation kit or other digoxigenin-labeled 1ectins 
(Boehringer Mannhein) according to manufacturer's instructions. Reactions were 
developed as previous1y described (Veiga et aL 1995). 

2.5. Deg!ycosylation r~l venom proteins 

L. intermedia venom proteins (I mg/m1 in 100 mM sodium phosphate buffer, 
pH 7.3. 0.1% (w/v) SDS and 1% (vjv) Triton X-100) were enzymatic digested by 
treatment with peptide-N4-(N-acetyl-(1-glycosaminy1) asparagine amidase F (N
glycosidase) ( 10 units) at 37'C for 48 h. Non-deg!ycosylated venom used as 
control in experiments performed to study the biologica1 activity of N-linked 
oligosaccharides was treated identically as above, but in absence of N-glycosidase. 
Treatment for remova! of 0-linked sugars was performed by sequential incubation 
of L. illlermedia venom (I mgjml in 100 mM sodium phosphate buffer. pH 7.3. 
O. I% (wjv) SDS and I% (vjv) Triton X-100) with neuraminidase (20 mUnits) at 
3TC for 2 h. and 0-glycosidase (25 mUnits) at 3TC overnight. Alternatively, for 
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sugar moiety oxidation. Con~A-sepharose eluted material (I mgjml in PBS) was 
incubated with 5 mM sodium metaperiodate at 3T'C in the dark for 15 min. 

2.6. Gfycosaminoglycun chain evaiuation 

Venom core proteins (3 mg) were digested usmg excess proteinase K (50 j.lg; 
Sigma) at 58'C overnight. The products obtained were analyzed by agarose gel 
e!ectrophoresis in 50 mM 1,3-diaminopropane acetate buffer, pH 9.0 (Aldrich, 
Milwaukee, USA). After the electrophoretic run, compounds were precipitated in 
the gel using 0.1% cetavlon for 2 h at room temperature. After drying, the gel was 
stained with toluidine blue (Dietrich and Dietrich, 1976). The glycosaminoglycan 
chain standards used were chondroitin sulfate (CS) from shark cartilage, dermatan 
sulfate (OS) from pig skin and hcparan sulfate (HS) from bovine pancreas. 

2.7. Lcctin c?ftinity chromatograph_v 

For Con-A-lectin affinity chromatography, L. intermedia venorn proteins (5 mg) 
diluted in starting buffer (20 mM Tris-HCI, pH 7.3, 500 mM NaCL I mM MnC12 

and I mM CaCI2) werc applied to a Con-A-sepharose column (Pharmacia) and 
incuhated overnight at 4 C. After incubation, the column was washed with 
starting buffcr and elutcd with 200 mM :x-o-methyl-mannoside (Sigma) in starting 
buffer. 

2.8. Pfatc/et aggregation as.wy 

Human platelet-rlch plasma was obtained by differential centrifugation from 
fresh human blood drawn into acid-citrate-dex.trose. Platelet aggregation in the 
presence of venom before or after enzymatic N-deglycosylation (40 j.lg) was 
recorded at 37oC at a stirring rate of 1000 rpm using a Becton-Dickinson 
aggregometer as described (Plow et ai.. 1985). 

2 .9. Fibronectin- mui .fibrinogen-degrading studies 

Human plasma fibronectin or fibrinogen (0.5 mg/ml in 50 mM Tris-HCI buffer, 
pH 7.3, plus 5 mM CaC!, and 5 mM MgCI 2) were incubated with enzymatic N
deglycosylated venom (obtained as described above), or glycosylated venom 
(control) processed as described above, at a substrate:venom ratio of 100:1, at 
37"C overnight as previously described (Feitosa et aL 1998). Digested materiais 
and contrais were analyzed by 51Yo SDS-PAGE under non-reducing conditions for 
fibrinogen and under reducing conditions for fibronectin and stained with 
Coomassie Blue dye. 
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2. lO. Z_rnwgram cxpuiments 

Zymography \vas performed by 12% SDS-PAGE, containing polymerized 3 mg,l 
ml of porcine skin gelatin. Samples (Con-A-sepharose eluted materiais from L. 
intcrmedia vcnom; 40 ~Lg) submitted w enzymatic dcglycosylation and controls, as 
described above, wcrc diluted in Laemmli buffer under non-reducing conditions 
and electrophoresed (20 mA) at 4~'C. After the run, gels were washed twice in 
2.5% (Viv) Triton X-100 for 20 min each and then incubated overnight at 3T'C in 
50 mM Tris-HCI buffer. pH 7.3. containing 200 mM NaCI. 5 mM CaCI2 and 5 
mM MgCJ:, and stained with Coomassie Blue. Clear zones of substrate lysis 
against a blue background stain indicated the presence of degrading enzyme 
(Feitosa et ai.. 1998). 

1. f f. Dermonecrosis studics 

For the cvaluation o f dcrmonecrotic effects. enzymatically deglycosylated venom 
or chemically oxidated sugar moieties of venom proteins (samples o f 40 ~Lg diluted 
in PBS). obtained as descrihed above. were injected intradermally into a shaved 
area of rabbit skin. As control. glycosylated venom processed identically as for 
deg\ycosylation. but in the absence of deglycosylating agents. was used at the 
:.ame concentration (40 ~Lg diluted in PBS). The dermonecrotic lesion was checked 
3 h. and L 5 and \O d aftcr injection. 

3. Results 

3. f. . i!/({ I \'S is ()r lec f in '!,I rcosidasc-hased oli!!,o.wcclw r ide residues ()f" L. illfermcdia . . - . . 
Veno111 /)rofeins 

There are no previous reports studying the structure or the biological role of 
o\igosaccharide residues in Loxosce/es spp. venom proteins. Initially. \cctin binding 
and gl_ycosidase treatments were performed in order to evaluate the existence and 
determine the type and importance of glycosylation in L illfernwdia venom 
proteins. Crude venom proteins were dircctly dot-blotted (Fig. IA) or submitted 
to a linear gradient SDS-PAGE. electroblotted onto nitrocellulose membranes 
before (Fig. 1 8) o r after scquential treatments with N-glycosidase. o r 
neuraminidase and 0-glycosidase (Fig. IC), and further reacted with lectins that 
recognize specific sugars. Dircct\y spotted venom was positivc for Gtlfw11hus niwtlis 
agg\utinin (GNA) and Canara/ia cnsi/Ormi:-.· (Con-A), suggesting the presence of 
high-mannose glycosylated proteins. The venom \vas also positive for Pisum 
satil'lflll agglutinin (PSA) and Wheat Germ agglutinin (WGA), rcvealing proteins 
containing N~acety\glucosamine residues, and to Aleuria aumntia agglutinin 
(AAA). indicating proteins with fucosylated glycans. Reactions were negative for 
Datura strwnonium agg\utinin (DSA) and Pha.seolus ~'u/garis agglutinin (PHA-L), 
demonstrating the absence of terminal fil-4 galactosyl residues or polylactosamine 
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glycans and were also negative for Samhucus 11igra agglutinin (SNA) and Maackia 

amurensis agglutinin (MAA). showing the absence of' N-acetylneuraminic acid 
(sialic acid) residues in venom proteins. Furthermore, venom proteins were also 

positive for Amarantlw.r caudatus agglutinin (ACA) and Peanut agglutinin (PNA), 

demonstrating the presencc of glycosylated proteins with galactose ,Bl-3-N

acetylgalactosamine residues, typically SerjThr-linked oligosaccharides. This 

carbohydrate composition analysis was further confi.rmed by lectin affinity 
Western-blotting (Fig. I B, lanes l and 2) in which we were able to detect bands of 

98, 69, 67, 60. 35. 28. 20 kDa that were recognized by GNA and Con-A before N
glycosidase treatmcnt but not after digestion (Fig. I C 1anes 1 and 2), 

demonstrating the presence of N-linked high-mannose structures in these venom 

proteins. We could also observe that there were proteins of 98, 28 and 20 kDa 

positive for PSA and WGA before N-glycosidase digestion (Fig. I B. lanes 3 and 

4) but negative after enzyme treatment (Fig. !C, lancs 3 and 4), corroborating a 

preliminary \ectin-spot assay and showing N-1inked N-acetylglucosamine residues. 

Fig. 1 B and C, hmes 5. show that the venom reacted with Aleuria aurantia 

agglutinin (AAA) before, but not after treatment with N-glycosidase, respectively. 

Two proteins in the region of 28 and 20 kDa were positive for N-linked fucose 

residues. Fig. l B and C in lanes 6, 7, 8 and 9 respectively represent venom 
proteins beforc ( 1 B) and after (I C) N-glycosidase digestion, reacted with Datura 

sfranwniwn agg1utinin (DSA). Phaseo!us l'ufgaris agglutinin (PHA-L). Sambucus 
nigra agg1utinin (SNA) and Maackia amurensis <~gglutinin (MAA). These resu1ts 

demonstrate the ahsence of N-linked Gal(fii-4)GlcNac, polylactosamine sugar 
rcsidues. NeuNac{2-.))Ga1 o r NeuNac(2-6)Gal o1igosaccharides. Fig. I B and C 
(\anes I O and li) show that the venom reacted with Amaranthus caudarw: 

agglutinin (ACA) and Peanut agglutinin (PNA) before (IB) but not after (IC) 

trcatment with ncurammidase and 0-glycosidase. The figure shows the presence of 

a protein of 67 kDa bearing 0-linked Galp(l-3)Ga1Nac residues (see Table I for 

a summary o f Jectm-based carbohydrate structures). 

In addition. to improve the oligosaccharide profile of L. intermrdia venom 
proteins we searched for the presence of proteoglycan molecules (proteoglycans 

represent the best characterized su!fated mo1ecules containing serine-linked 
glycosaminoglycan sugar chains in the protein core) (Kjellén and Lindah1, 1991; 

Hardingham and Fosang, 1992). The crude venom (3 mg of protein) was 
subjected to digestion with proteinase K (a serine protea.se o f broad specificity), a 

procedure that cleaves GAG chains from the protem core. Digested muterial was 
applied to agarose gcl as prcviously described (Dietrich and Dietrich, 1976) using 
glycosaminoglycan standards as reference. As depicted in Fig. I O, the agarose gel 

eleclrophoretic pattern o f venom showed no signal of GAG chains, demonstrating 

the absence of these sugars linked to proteins in the spider venom. 
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Table 
L..:ctin ba-;cd llligo~accharidc ~tructurcs oi· Lo.\"ll.lcclcs inlcrnrcdia ITnom protcm~ 

Lectin Agglutim 
rrom 

(ilr/Uiillrus 11i1"11fis (GNA) 

('unurulw clll"i/omrl.l (ConA) 

Pi.\'11111 .1111irum I PSA J 

Tnllclll!l 1'1!/gom· 1 WG ti,) 

.-lleuriu uuntnliu IAAA) 

IJI//1//'(/ S//'11/!lllllilllll iDSA) 

P!wsemdw· mlguns iPHA-LJ 

Sumhucus ni~..;m (SNAJ 

.1/uud,iu umurcnsi.1 IMAA) 

. Jmurmulnt.' 'ill!du/11.1 I ACA) 

l'ntmtl uggl111111im tPNAJ 

Spdicitity 

M<lll1( l -3)Man > 

r>.hn:zt I -6)Man -~ 

Man:zll ~)Man > 

:;\i!an :> 

Glc> 

:;:Glc:-..'At: 

(iGlc:--...'Ac 

L-Fuo( I 6)GlcNAo.: 

G;ll(il l ·-tJGlcNAc GlcNAc-Scr-'Thr 

(li I 6) lactosamm 

\JeuNAn(2 6)Ga1 GalNAo.: 

~cuNAol2 )J(Jal 

NcuNAc-(ja\fi( l 3)GalNAo.:-Ser Thr 

G~ll/il l 3JGalN/\c-Ser Thr 
CJ~il/il I _iJG~liNAo.: 

Reactivity 

positive 

rositive 

püSl[li'L' 

rositive 

nega tive 

ncgattve 

nega tive 

nega tive 

positi' e 

po~it11t: 

L. ini('!"IJICdia 

vcnom proteins 
detected 

20 kDa. 2H kDa. 
35 kDa. 60 kDa. 
67 kDa. 9H kDa 

20 kD<L 2:3 kDa. 
32 kDa. 35 kDa. 
69 kDa. 98 kDa 

20 kDa. 2~ kDu. 
9K kDa 

20 kDa_ 2S kD<t. 
YX kOa 

20 kD<t. 2S kDa 

not detected 

not ddectcd 

not dctcctcd 

no! detecled 

67 kD<~ 

67 kDa 

3.~ . .-lnuf_rsis or lhe plu!clc! aggrcga!ÍOII aclil'il_r or N-g/_rcosidasc-fi'('(/{Cd )'('1/()/11 

As statcd !Il thc JntroductJon. a systemic c!fect produced by Lososce!cs spp. bite 
1s thrombtK) topcnia triggcrcd by low molecular weight rhlte!et aggregating vcnom 
proteíns ( Kurr1cwski ct ai.. 19X! ). In order to vcrify thc involvcmcnt o f sugar 
residues present in venom g!yrcoproteins in platelet aggregation. using plate!et-rich 
plasma we performed an in vitro plate!et aggregation assay in the presence or L. 
Íli/('I'IIJcdia Ycnom bcforc and after N-glycosidase treatment. In ordcr to conhrm 
the elTectJYeness or N-glycosidase treatment. \·enom proteins were blotted using 
lectins G NA and AAA be!'orc and after enzyme treatment (see Fig. 2A). As 
shown in Fig. 28, there was no significant dillerence in platelet aggregation 
triggcrcd hy g\y·cosylated or dcglyco~ylated venom proteins. strongly suggestmg 
that N-linkcd sugar moieties are not involved in the thrombocytopenic activity or 
the \ enom. 

3.3. Anu!ysis of'glrcocoJ?fuga!es o f' L. illfermcdia rcnom pro!cins in rhe 
.fihronec 1 ino/_1· f i c mui fi h r in ogenoh ·f i c a c r il·i t ies 

As mentioned in the Introduction. we have previously identified in L. infcrm(!(/ia 
venom a 20-:2.8 kDa metalloproteinase vvith fibronectinolytic and fibrinogenolytic 
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activitics that \-Ve termed Loxolysin A (Feitosa et ai.. !99H). As a !'unction of its 
proteolytic abilities. Loxo!ysin A probably is implicated in the haemorrhagic 
property of thc venom. Sincc we were able to detect glycosylation as N-linked 
high-mannosc. N-acetylglucosamine and fucose residucs in this region of the 
protein pro file in L. inrermcdia venom (see Fig. i 8 and C) we dccided to further 
charactcrize the importance of these N-linked sugar residues as catalytic essentials 

G 
N 
A 

-
(a) 

N 
+ 

AGA 
ANA 
AAA 

(coii/ÍI/Ued m·n-fea( J 

Fig. 2. Pbtekt ;lggn;g;lliOll llldw.:.:d by L. itlli'i"IIIL'dia Vt:llülll (,\) To ddermine lho.; ell"ectiwne~s or N

gl~eo~idasc tn::atmcnL \enom pr0te111s before (-) or ;li"Ler N-gl~eos1dase trcatmcnt ( +) were hlotted 

using CJNA and AAA !cetins. (8) Pbtclct-rich pl:lsma was incub;Jtcd 1\'J!h gl_yL"Osyl;llcd n.·nom in A. or 
:'\'-glycosid<lSC-lre;llcd \·cnom 111 B (a! the same coneentr;Jlion of ---l-0 pgJ or with lhe buiTer used 111 lhe 
deg!ycosybtion proco.:durc ( neg;Jti>e control) 111 C. The abst·l~~a rerrcsents lhe time in seconds and thc 

lll'dinall: thc perccntage or pia tele! <~ggregation. 
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in these hydrolytic propcrties. Fig. 3A and B rcvealcd that although some 
heterogeneity \\·ere obtained in rragments of fibrinogen and fibroncctin degraded 
by glycosylatcd ~111d degl~/cosylated venoms. neithcr hbrinogeno!ytic nor 
libroncctinolytic elfects or venom were blocked arter deglycosylation procedures, 
demonstrating that oligosaccharides are not involved in this degrading activity. 

3.4. Gf.rcoconfugatcs play n role in the gelatinolytic l!.ffect (~f' L. intermedia renom 

We have previous\y detected in L. imermedia venom a gelatinolytic 
metal\oproteinase or 32-35 kDa named by us Loxolysin B (Feitosa et aL 1998) by 
a procedure identical to that described above. As dcpicted in Fig. I B and C. we 
were able to detect N-linked high-mannose structures present in this region of L. 
i111ermcdia vcnom proteins. Confirmation of thc 32-35 kDa protein (Loxolysin 8) 
as a high-mannose glycoprotein was providcd by its e!ution using 200 mM :x-D
methyl-mannoside solution from a Con-A-Sepharose aflinity chromatography 
column and by a subsequent zymogram using gelatin as substrate (Fig. 4A). After 
confirming that Loxolysin B is a glycoprotein, we determined i f its N-linked sugar 
moictics were important for its gelatinolytic activity. Fig. 48 illustrates thc results 
of the zymograph using gelatin as a substrate of Con-A-Sepharose-cluted proteins 
from L. inrennedüt venom, before and after N-glycosidase treatmenL We can see 
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Fig. 4_ Sugur n:sidue analysis of the gclatinolyitc etfect of L intermcdia venom. (Al L inrermediu crudc 
\<.:nom \\a~ chnllll<llogmphcd on <l Con-A Sepharose column. Thl' :t-D-methylmanno~!dc-clutl'd 

material dane 11 and flow-through proteins (lanc 2) were submit!cd to a gdatin polymerizcd Lymogr<un 
in 1::'"" (\\" \) SDS-PA(JE. Molecubr mass markers are shown on Lhe left (13) Cllll-A Seplt<ll'osc-dutcd 
m<llcn<d~ l"n1m \CllOlll wcrl' digc~tcd with N-glyco~1da~e and suhm1lled to a gcbtlll pll)ymcrvcd 

t_~mogrillll h~ 1::'";, SDS-PACE. L1nc 1 tTpresenls glycosylatcd pw!cm~ hL·f1>re cntymc lrC<I\l11Cill <lnd 

Iam: 2 <~fkr dtg..:~!Jol1. (C) Ly~ed gcbtin zone~ from thc zynwgr<lphs in c.xpcrimcnts sho\\'11 111 (Bl llad 
thc1r optiC;ll dcnsll)- checked <lnd gr;tded (<liTa). Gclatinolytic actJ\'Íty is rcported <IS pen:cntagc oi· 
glyco\ylated control (100'~·;,) ~1nd ~hows residual gelatinolytic <lCII\'ity (::'K"ol nl· the d..:glycu\~bted 

.'<l111ple Molccubr mass markcr~ ;nc shown on the left. 
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that a!tcr N-linkcd ~-;ugar remova! there w~L'i a shift in SDS-PAGE mohility of 
approximatdy ~ kDa {Fig. 48). anda strong decrcase in gelatinolytic effect (28%1 
residual activity compareci v-..-ith the glycosylated contrai) ( Fig. 4C). suggesting 
some oligosacchuride involvement in this protcolytic activity. Thesc data furthcr 
suggcst that in somt: way oligosaccharides do participate in the catalytic activity 
or L 111termcdia mctalloproteinase of 3~-35 kDa in dcgrading gdatin. 

3.5. T:ridcncc !in· thc role o(gf_rcosr{ation i11 rhe dermonei"I"Oiic lcsioi/S produccd h_r 
thc renom 

As discussed above. a hallmark oJ' L. intermcdia envenoming is a dermonecrotic 
lesion at the hite sitc. Sincc the gclatinolytic ability of Loxolysin B is dosely 
related to that o r vcrtebrate gelatinases. metalloproteinases involved in normal o r 
pathological conditions (Birkeda!-Hansen et ai.. 1993) or reprolysins that are 
snake vcnom metalloproteinases involved in the nccrotic ctfects produced by 
envenomation {Bjarnason and Fox. 1995), we postulated that Loxolysin B to some 
extent participates in the dennonccrotic cffect of L. imcrmnlia venom (Feitosa et 
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Fig_ '.' Dcrnwnccwtic k~1011 JlldliL"<.:d in 1·abbit~ h'l- L. inramn/io H~nom. Rahhits IH:rc 1ntradcrmally 
injcctcd 11ith -1-0 pg crudc \'Cnom (pane! A) or 40 ~!_!:! cnzymatic N-deglycosy-lated venom (pane! B). 
Rca<:lions were ohscrvcd for _l, h. 1. 5 <llld lO d post Ínjection (A). Thc same expcriment was rcpeated 
with -1-!l ~~g of glycosylatcd \Cnom (lemes Al or venom chemically treated with 5 mM sodium 
mctapcrHJdatc n~nom at 37 C in thc dark for 15 min (lanes 13). Lcswns wcrc evaluatcd 3 h. I. 5 and 10 
d arte r the in_iccllons ( B). I! IS JJltcn:sting to observe that. although dcrmonecrotic k~ions (scar plaques) 
strong:ly dccreascd aftcr thc dqd:vcosybtion procedures. local edema. haemol,;..~1s and hacmorrhage 
~cem to h..: :-.ug;Jr-indcpcndent. 111 agrcement with the previous results shown above. 

at.. 199H). Once the involvement of sugars in thc in vitro gelatinolytic effect of' 
Loxolysin B was detectcd. in arder to determine if glycoconjugates are involved in 
the in YÍvo dermonecrotic cffect, L inrermedia venom was deglycosylated using N
glycosidase (Fig. 5A) or had its sugar residues oxidized by sodium metaperiodate 
(Fig. 58) and was intradermically injected into rabbits using glycosylated venom 
as a contrai. As shown. both enzymatic deglycosylated and chemically treated 
samples strongly decreascd the dermonecrotic effect of venom. demonstrating 
sugar involvement in this noxious skin lesion. 
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4. Discussion 

Protein glycosylation is the most abundant and diversc post-translational 
modificatíon (Kornfeld and Kornfeld, 1985: Hart. 1992). The functions of protein
linked glycoconjugates in some instances largely remain enigmatic. In some cases. 
since protein glycosylation has a pronounced inftuence on protein conformation. 
:;ugar moieties are very important in molecular folding and appear to participate 
in intermolecular interactions. playing a central role in a range of biological 
activities. (Eibein, 1991; Hart. 1992: Veiga et ai., 1996; Veiga et aL 1997). To 
date. little is known about glycosylation of the enzymes or other proteins in 
animal venoms. 

Using \ectin-blotting reactions. lectin alfinity chromatography and glycosidase 
treatmcnts we determined the oligosaccharide profile or L. intamedia venom 
proteins ( Fig. 1 A-D). lt was possible to show that venom is particularly ri c h in 
proteins vvith N-linked high-mannose residues (positive for GNA and Clm-A 
lectins). has three proteins in the region of 98. :?8 and 10 kDa with N-linkcd N
acetylglucosamine (positive for PSA. WGA) and tv·iü proteins of 2X and 20 kDa 
with N-linked fucose moieties (positive for AAA lectin). In addition. our studies 
indicatcd that the vcnom has no complex Asn-linked sugars -;uch as fil-4 
g:alactosyl rcsidues. rolybctosaminc branches or terminal síalic acid residues. hut 
contuíns a protein o f G7 kDa with Ser:Thr-linked Gal/)( l-3)Ga!Nac residues 
(posíti\'1.:: for ACA ~md PNA lectins). We also did nol dctect lhe prescnce of 
glycosaminoglycan residues such as heparan-sulütte. dcrmatttn-sulfatc or 
chondroitin-sulfatc oligosaccharides in proteinasc-K-digested vcnom. 

Sincc therc are no previous reports on the glycohiolog) nf spider n~noms. wc 
sludicd thc possible involvemcnl oi" oligosaccharides in thc major loxoscclism 
dfccts :-.uch as thrombocytopenia. local and sy:-.tcmic hacmorrhagc and 
dcrmonccrotic lesions. Platek:t aggregation and rcd hlnod cell lysis provoked by 
Loxoscelcs spp. appears to be related lo a 32 kDa protein characterized as a 
sphingomyelinase D (Kurpiewski el ai.. 19Xl ). As dcpictcd in Fig. 2. using L. 
inrermt'diu \'cnom belüre and after enzymatic N-deglycosylation wc detected no 
dilfercnccs in platclet aggrcgation. dcmonstrating that carbohydratcs are not 
involved in this biological activity o f thc venom. 

Huemorrhagic consequences after Lo.\·o.1-ce/cs spp. accidcnts appcars to be 
mo\ccularly more complex. Haemorrhage can be triggered directly by the 
thrombocytopenic effect as discussed above. or may be the consequencc of 
dekterious cflects or venom enzymcs on the major plasma cxtraccllular matrix 
moleculcs such as 1i.bronectin and 1\brinogen which are related to the blood 
clotting cascade (Feitosa ct ai., 199X)_ as clemonstrated ror haemorrhagic 
metalloproteinases from snake venoms ( Baranova et ai.. l9X9). As shown in 
Fig. 3A and B. our results demonstratc that even after enzyme N-deglycosylation 
or chemical sugar oxidation. the fibronectinolytic and tibrinogenolytíc activities o f 
vcnom essentially were the same as for glycosylated venom. It sccms likely that 
lhe haemorrhagic propertics of the venom are sugar independent since neithcr the 
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thrombocytopenic nor the fibronectinolytic or fibrinogenolytic cA'ects of venom 

were changed after chemical or enzymatic deglycosylation. 
In addition. we prcviously reported a gelatinolytic moleculc of 32--35 kDa 

(Loxolysin B) in L. imermedia venom as shown in Fig. 4A (Feitosa et aL 1998). 
Loxolysin B is a high-mannose protein since it can be eluted using ::x-o-methyl
mannoside solution from a Con-A-Sepharose column (Fig. 4A). Enzymatic N
deglycosylation, in contrast to other venom properties. strongly reduced the 
gelatinolytic activity to a residual effect (Fig. 48 and C). An evaluation of the 
residual gclatinoly'tic effect compared to initial gelatinolytic activity (100(~,;~ versus 
28%) and changes in molecular weight (35 versus 33 kDa) indicate that this post
translational glycosylation is responsible for approximatcly :Z kDa in thc size of 
Loxolysin 8. These data. taken together. suggest that the gelatinolytic effect 
or Loxolysin B is sugar-dependent. These findings demonstra te that thc activity or 
this spider vcnom metalloproteinase is modulated by carbohydrate moieties. Since 
many studies have shown that in some cases the volume (hydrodynamic volume) 
occupied by sugar chains is enonnous (Perkins et a L 1988; HarL I Y92) we may' 
postula te that Loxolysin B glyco.sylation is essential ror protein conformation and 
fo!ding. as previous!y described for other g!yconconjugates (Elbein. \991: HarL 
1992). Since vcnom is secreted in a water environmenL processing Loxolysin B 
with ohgosaccharide residues (as a function of hydrophilic balance) increases 
cxposure or thc cnzyme binding sitc to its respectivc ligands or adds stability 
through secondary intcractions between enzyme and !igand~. as pre-viously 
demonstrated in other models (Takeuchi and Kobata. 1991; Hmvard ct al.. 1991: 
Daniclscn. 1992: Veiga ct al., 1995). Although the function of Loxolysin H is not 
yct known. its gelatinolytic c!Tect strongly indicates that this molecule is a possible 
target that could rorm part or the dermonecrotic components prcsent in 
Loxosce/es spp. venom. A protein of 34 kDa involved in the necrotic dkct after 
cnvenomation was idenli!ied in L. reclusa venom (Geren et a!._ 1976: Norment et 
a\.. 1979). Working \Vith L. gauclw, Barbaro et ai. ( !99:Z) found that proteins o r 
J3 and 35 kDa werc rcspunsible for its dermonecrotiC activity. anel stud:ying L. 
intermedia vcnom. Tambourg1 et ai. ( 1995) identified a 35 kDa protein involved in 
its hcmolytic and dermonecrotic cffects. As depicted in Fig. SA. the dermonecrotic 
ability oi" L. intcrmu!ia venom N-deglycosylated by N-glycosidasc trcatment and 
injected lnto rabbits was strongly decreased to a residual c!fcct compareci to 
contrais. This tindlng was l"urther confirmed by chernical sugar oxidation as shown 
in Fig. 58. The fact that enzymatic deglycosylation or metaperiodate treatmcnt or 
vcnom did not alter its cdematogenic or haemorrhagic clfects at the site ur 
injections (as shmvn in Fig. SA and 8) nor did it reduce its platelct aggregation 
(thrombocytic activity) o r its fibronectinolytic and Jlbrinogenolytic e!Tects ( Figs. 2 
and 3). rulcs out protcin degradatlon as a possible side elfect or deg!ycosylation 
proccdures. An attractive idea is then that post-translational g\ycosylation or L 
imermc:dia vcnom protcins (especially in the gelatinolytic Loxolysin B) cou\d play 
a central role in the necrotic effect produced by thc venom. This g\ycobiological 
activity of the \'Cl10111 points to the possibiJity of a carbohydrate-based 
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dermonecrolic therapy using a carbohydratc-bascd drug as suggestcd for other 
pathological situations (Hodgson. 1991: Winkelhakc. \99\: H art. \99:2). 
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Summary 

Loxoscelism or necrotic arachnidism are tenn~ used to dcscrihc lesions anti reactions intluu.:d hy bitcs lenvcnomminn) from 
spiders of the genus Lo.m.\·ce!c.l·. Envenomittion has tll.---.:n reportcd to provoke dcrmonccJ-o.~L~ and hacmorrhugc at lhe bite sik 
and haemolysis. di~seminated intra\·a~cular coagulation and renal fuilure. Thc purpose ofthis work was lo study the etlcct nl'thc 
venom of the brown spider Lo_ro.l-cc/es intermcdia on basement memhrane struclure.\ and on íts m<üor constituem molecule~. 
Light microscopy obscrvations showed that L úllermedia venom obtained through eleclric shock. which rcproduces two major 
signals of Loxoscelism in the bboratory. exhibits activity toward basement mcmbrane structurc~ in mouse Engelbreth-Holm
Swann (EHS) sarcoma. Basement degradation wa.~ scen by a reduced periodic acid-Schitl (PASl and alcian blue staining 
as well ·as by a reduccd immunostaining for laminin whcn compared to control experiments. Electron microscopy studies 
confirmed the ubove results, showing the actíon of the venom on EHS-basement membrancs and demonstrating thut these 
tissue structures are susceptíble to the venom. U~ing purified components of the basement membmne. we determined through 
SDS-PAGE and agarose gel that the venom is not active toward laminin or type IV collagen. hut is capable of cleaving entactin 
and endothelial heparan sulphate proteog!ycan. In nddítíon. whcn EHS tí."sue was incubated with venom we detected a release 
oflaminin into the supernatant. corroborating the occurrence of.some hasement membrane disruption. The venom-degrading 
effect on entactin was blocked by !.!0-phenanthroline. but not hy other protea~e inhibítors such as PMSF, NEM or pepstatin
A. By using light microscopy associated with PAS staining we were able to identify that 1.10-phenanthroline also inhibits 
EHS-basement membrane disruption evoked by venom. corroborating that a metalloprotease of venom is involved in these 
effects. Degradation of these extracellular mntrix molecules and the observed susceptibility of the basement membrane could 
lead to loss of vessel and glomerular integrity. resulting in haemorrhage and renal problems after envenomation. 

Introduction 

The bites of brown spiders (Loxoscelism) are remarkable 
for causing dermonecrosis, the most striking manifestation 
evoked by envenomation (Rees et a!. 1984 ). with bleeding at 
the bite site and in some cases with systemic effects such 
as platelet aggregation causing thrombocytopenia (Bascur 
et a/. 1982), haemolysis (Forre.~ter era!. 1978), disseminated 
intravascular coagulation, and renal failure (Denny et af. 

1964). 
Basement membranes are ubiquitous thin sheets o f macro

molecules produced and secreted adjacent to severa! cells 
types such as epithelial, endothelial, muscle, fat and nerve 
cel!s (Timpl et al. 1987, Rohrbach & Timpl 1993). The 
major molecular characteristic ofbasement membn.mes is the 
presence o f a considerable variety o f biochemically complex 
components structurally arranged as a network. Ali basement 
membmnes have a particular set of protein" such as type IV 

collagcn. bmmin. entactin and heparan sulphate proteogly
can (Yurchenco & Schinny 1990). In mammn!s. basement 
membranes play ~everal esscntiul roles. They are substrates 
for cell surface receptors which transduce imporlant infor
mation to the cell promoting for examp!e cell ditferentiation 

and neurite outgrowth. They are a!so invo!ved in angiogene
sis. platelet adhesion, and blood-urine filtratíon in thc kidney 
glomerulus among severa] olher functions (Farquhar 1991. 
Rohrbach & Tímpl 1993 ). 

Snake venom haemorrhugic proteases (Fox & Bjarnason 
1995) produce proteolytic degradatíon of basement mero
brune constituents isolated from Engelbreth-Holm-Swarm 
(EHS) tumours (Baramova et a/. 1989) as we]] as degradation 
of puritied glomerular basement membrane (Ohsaka et af. 
1973). 

The first evidence of a protcase activity in Loxosceles 
venoms was described by Eskati and Norment (]976) 
for Loxosceles reclusa venom. Their resnlts showed that 
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tbe venom po'">~esses proteolyti..: ;\cti\-itiec; wward Hl'iimfu_\ 
rirl'SCC/1.\' and Musca drmresricu lan·ae. Jong t'l u{. ( 197'JJ. 
studying the sam~· n:nom ~md working with L-aminoacyl-fJ
naphthylamide deri,·atin.'s. ohscrvcd that thc \'t.'nom hydrni
Y'">Cd L-leur.::yl-fJ -naphthy Iam ide as the hc<.,l sub<.,tr:~k. whcrea" 
al1phatic and ha~ic aminoacyl dcrivativcs 'uch :1s valinc. 
alaninc. arginine and lysine werc hydrnlysed les" cHicicntl). 
Aromatic amino acids such as tyrnsinl' m othl'r arninoa~·yl 
dcriYalÍ\C.~ such as prol inc. ~l'rinc. hydroxyprolinl'. gl~TÍnl' 
and cy~tine-di-fJ-dcri\'ati\'cs showcd no dctcctahlé "uhstr~llL' 
activity. 

Lo.\'11.\t'Cft'.\' inlcrmcditt thnlwn spidcr) ,-cnom h~1' bcc11 
reported to haYL' :1 dcgrading acti,-ity o11 tihronectm and 
lihri11ogt:-n. twu solublc cxtraccllular matrix molcculcs. a" 
wcll a_., 011 gcbtin lFcito:-.a t'l ui. 199fi. Veiga i"/ ttl. IYlJlJi. 
but therc are no prc\·ious rcport.' of a hasemcm mcmhran..:
dcgrading eflcct o r spidcr VC\10111 protca~c~. Ba~ed 011 thcir 
pathogenct i c pn1pcrt i c~. Stlch a" dermonecrotic action. thronl
hocytopenic acti\·ity. tissue hacmorrhagc and renal failurc. 
çy~·nh thiil t:<.lllld hc anrihutahk 1o thc prc~l'IKL' oi" protc'
olytic enzymes that degrade cxtraeellul:u· matri\ nHJlcculc" 
we cnn_iccturatc that hrmm "pidcr tdcrmoncnotJc .'>pidcrl 
,·enom~ havc a potential dcgrading clfect on thi~ extra
..:cllul~n ~tructurc_ ln the pre~ent mvcstigation. we stttdicd 
thc action of L imamedio thrmvn spidcr} venom on the 
EHS-sarcomu tumnur. u transplantablc mousc turnour model 
which produccs a highly clmr:.~cteri~tic and thick hascment 
mcmbn:me structure a~ its capsule. In light and electron 
microscopy studie~ wc detected a morphological disrupti\'e 
activity oi venom toward EHS-hasement memhrane. Using 
purified components of ba~cment membranes we detcrmincd 
thc hydrolytic effcct o f thc venom on entactin :md hcparan sul
phate proteoglycan. which indic<-Jtes that the hasement ruem
brune is susceptible to the venom. Using protcase inhibitors 
we found that only 1.1 0-phenanthroline abol ishcd the entacti
nolytic and basement membrane disruptive etl"ects ofvenom. 
indicating th<H a metalloprotease is involved in these effects. 

Materiais and methods 

Reagellfs 

Laminin. laminin-entactin complcx and cntactin were puri
fied from EHS tumour as described by Timpl ela/. (1979) 
and Paulsson el ai. ( 1987). Human placenta! type IV collagen 
was purchased from Sigma(St. Louís, USA). Polyclonal anti
laminin antibodies (Rb1 aLN) and polydnnal illltÍ-entactin 
antibodics (Rb?aET) were produced using purilled EHS
Iaminin orEHS-entactin submitted to preparative SDS-PAGE 
as described by Harlow and Lane ( 1988). 

Cellline. cu/ture co11ditions wuf pur(fication of 
heparan sulpfwre proreoglycan andji·ee chains 

Established endothelíal cell !ines (from rabbit aorta) 
(Buonassisi & Venter 1976) werc grown in Hanú F-12 

S.S. \'l-iga et al. 

tis"uc culturc medi um tSi~nw 1 "uppl..:mentL'd \\ ith 1 O' 1 

fetal cair '><.:rlllll tCultilab. Campin~l~. 13ra;ill and pcni
cillín/strcptnmycin I I 000 LI and I O mg per litre. respec
tiwlyl tSigJn.l!. Cclh wcrc radio-lahcllcd with sodium 
I "SI-<.,u]phatc ilPEN. São Paulo. BrcuiiJ (I .'i() ftCi/miJ for 
2.+ h in ~1n incubawr with 2..'i'lr CO_, under humiUtlicd condi
tion~. For hcparan sulphate proteoglycan puritication. radi<l
lahcll..:d ..:ndothcl1al cclh \\'l'l"<.: _,nluhilited \\'Íiil lv~i" hutlcr 
i.'iO mM Tris-HCI. pH 7 .. 1. I 'ii Tmon X-1 00 . .'iO mM N:1CI. 
.'i mM C'aCI:. .'i mM MgClc. l ml\1 Pl'vlSF aml 2 pg/111! apro
tminl for !.'i min at -l- C. Thc cxtract wa' clarified hy ccntrifu
gatwn ror I O min at 1 ~.OOOg and frolen untilu~c Thc raLiin
labclkd hcparan ~ulphatc protl'ogly-c:m wa' purilicd by :1 
L"\l!llhinat i1lll 11f gcl~ltln aflinit y chmmatllgraph;.. gcl liltration 
aml 1\lll-cxehang..: chrnmatography a_, pr..:l'iou~ly d..:"criho.::d 
(Nader t'l o/_ 1987 1. lbdio-l:1hdlcd hcpar~ul "ulphatc polysac
charidc eh;llllS wcrc obtaincd by digc~tinn o f hcpar:m ,u) phatc 
protcoglycan with .'i O ]-tg Supcra'c tCha-" Pfifcr Cu .. NYJ for 
-+h at (J() C in thc prcscnc..: o f O.X !Vl N:1Cl. pH l-Ul. AI thc 
,~nd nf tlw 111<-"l'h'ltHlll. 1lw nli\ture wa~ hcated for 7min at 
100 C 111 mactÍY<Ill' the protcolytic cntyllll' anti thc radio
labdlcd gl\'cos:lminoglyc:m \\'~1\ prccipitatcd with two "''l

ume~ n! m.;thanol at -20 C in lhe prescncc o f I OU fl!:' earrier 
hcparan '">lllphatl' I Nader t'/ o/_ llll:N). 

Spider I'CIUJ/11 e.rrmcti1m 

Thc venom w~1s cxtracted from spider-" captured from nature 
and kcpt ror a weck witholll <\llY kind of fooU. The venom 
was cxtracteU from tl1c fangs nf spiUcrs hy elcctrostimu
lation ( 15 V) applied 1o the ceplwlothorax and collected 
with a micropipcttc. Jricd under vacuum and frozen a1 

-íl.'i C until u<.,e. Thc pure venom i-" a transparent liquid. 
wherca-" venom contaminated with stomach egestíon contents 
hecomes cloudy and was always dis<.:ardcd. A pool o f venom 
collected from approximately 50() spidcrs was useU in each 
experiment (Barbaro 1'1 ui. 1992. Feitosa e/ ut. 1990). 

Pmteolytic assii_\"S \\'Íth purificd consliluenls of' 
!Ire hwememmcmbrane 

EHS-laminin, EHS-laminin--entactin complex (0.5 mg diluted 
in 50mM Tris-HCI buffer. pH 7.3. containing l mM CaCI~ 
and lmM MgCU were incubated with 100 ).lg L. intermedia 
venom at 37 C. Aliquots of the reaction mixture., (25 ]--lg) 
were collected at time O and aftcr I 6 h incubation. Thc 
proteolytic effect of the venom was stopped by freeLing thc 
samples at -20 C. As controls. we collected samples of 
vcnom alone, or samples of purified molecules aftcr 16h 
at the same experimental conditions hut in the absence of 
venom. in ordertocheckexperimental stabilíty. Samples were 
subjected to linear gradient 3-J5'1é SDS-PAGE under reduc
ing conditions and the proteolytic effect of the venom was 
assessed hy Coomassie blue R staining. To study the effects 
ofproteasc inhibitors, laminin--entactin dimer was incubated 
with venom overnight at the same experimental conditions 
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a' abovc. in the prcscncc o f 5 mM 1.1 0-ph('tJDnthroline. m 
lO mM PMSF. or 5 mM NEM or 5 ~tg/ml pepstatin-A and pro
ccssed a~ dcscribed ahnve. Puritied EHS-c ntllctin 1 aliquots t Jt-
25 ~tg:) was incubatcd with incrcasing conccntration~ o f crulk 
yenom ( 1 O. 20..--l-O:md 100 !J-.?) ,:~!37 C tür 16 h. S•tmples wcrl' 
processed hy linear g:radicnt SDS-PAGE as descrihcJ ;,bon: 
and transferreJ ontn a nitrocellulose membrane that \Va~ 

tmmunoblotted v,.-ith a polyclonal antibody to EHS-cntactin. 
ror human plnccnw.l typc IV collagcn. the degraJing cfkct 11r 
vcnom wa~ chcckcd unJcr identical experimental condition~ 

nccptthat the tcmperature o f incubation was 25 C. For hcp
aran sulph:uc proteoglycan. thc hydrolytic ctTcct of \·cnom 
was asse~~cd using IIUJO(kpm rt~Jio-l.1bcllcJ hepar:m .,u]
phatc proteoglycan that was incubated willl I O ftg \ cnom at 
_":17 C overnight. As a control o f experime111al ~tahil ity. radi(l
labelled heparan sulphate proteoglycan was incubatcd unLicr 
tlle same condítions but in the absencc of venom. Samplc~ 
were subjccted to linear gradicnt 3-l2(k SDS-PAGE umki· 
non-reducing condition~. and lhe gel wa~ dried and cxposed ltl 
an X-ray film at room tcmperaturc for I O day~. To determine 
the action of venom on thc heparan .~ulph<tlc polysaccharidc 
chain~ of endothclial cells. rmlio-labelkd compound~ werc 
incubated with lO ).-lg vcnom at 37 C overnight. As a contwl. 
hcparan sulphate polysaccharidc chains wcrc incubatcd undcr 
thc same conditions in the absence o f venom. The producb 
ohtained were analysed by an agarose gel dectrophorcsi~ and 
the gel was dried and exposcd ~o X-ray hlm for lO days. 

Ge! electmpfwresis 

SDS gel e\ectrophoresis wa~ performed a.~ described by 
Laemmli ( 1970). Samples under reducing or non-reducing 
conditions (see legends to figures), were analy»ed on 4.09i 
or linear gradients of 3-12% or 3-15% polyacry\amide geh. 
For the immune reactions. proteins after electrophoresis werc 
transferred overnight to nitrocellulose tilters (Towbin et ai. 
1979). The molecular markers used were myosin (205 kDal. 
fJ-galactosidasc ( !16 kDa). phosphorylase b (98 kDa). alhu
min (67kDa), ovalbumin {44kDa) and carbonic anhydrase 
(29 kDa) purchased from Sigma. Proteins transferred to nitro
cellulose membrane.~ werc analysed by Western blotting. 
Filters were blocked with phosphmc-buffered saline (PBS) 
containing 5% low-fat milk (Nestlé, São Paulo. Brazil) and 
incubated sequentially at room temperature for 2 h with 
rabbit polyclonal antiserum against laminin (Rb 1aLNJ or 
a rabbit polyclonal antiserum against entactin (Rb,aET) 
dilutcd I : 1000 and 1 : 500. respectively. in blocking ~olution 
and witb alkaline phosphatase conjugate antibodies again~t 
rabbit lgG (Sigma) diluted I : 4000 in blocking solution 
for 1 h and developed in nitroblue tctrazolium (NBT) and 
bromochloroindolyl phosphate (BCIP) solution (Veiga et a!. 
1995). 
Glyco~aminoglycan analysis was performed using an 

agarose gel electrophoresis in 0.05M 1.3-diaminopropane 
acetate buffer, pH 9.0 (Aldrich, Milwaukee. USA). Aftcr 
the electrophoretic run, compounds were precipitated in 
the gel using 0.1% Cetavlon for 2 h at room temperature 

!Dictrich & Dictrich 1976). Arterdrying.thc ~d w;t~ staincd 
with tnluidinc bluc and cxpnsed to an X-ray tilm tX-Omat. 
Kodak. USA) for ]() days a\ room tcmpcraturc. Thc glyco~
aminoglycan ~tandard~ uscd wcrc hcparnn ~ulphatc from 
bm·ine pnncrca.~. dcnnat;tn •.;ulphatc from pip ~kin ~md chnn
Lirnitin ~ulphatc from shark cartilagc (S.;ikagaku. Tnkyn. 
.lapanl. 

H i >I o/ og in tf 11!!'1 h{)( ls ./(w fig !11 111i c 1"11.\Hif! r 

EHS tissues wcrc li;.,cd m modit'ied Carn(l\'·~ tix:uivc 
rBcçak & Pauletc 19761 for 3 h. After tixmion. lhe tissuc~ 
wcrc proccsscd for hi~tolngy. embcddcd in paraftln wa_\ 
~tnd Clll into -l--fltll thick SCCIHll1~. Thc ~CCllOTl~ \\\?1"1.' incu
battd with PBS or L ittlnmnlio wnom/PBS ( 100 ~tg/mll 
on·rnight a\ 37 C undcr humiditicd conJition.~. A fter incuba
tion.thc scc\Ítllb werc staincd with pcriodic aciJ-Schitl( PAS) 
(Mcl'vhmus 19..1-l:-ll and alcian hlue (Bc\;aJ.... & Paulctc 1976L 
To study thc effect of 1.10-phenanthrolinc on thc hydrolytic 
activity nf \Tnom tow:ml EHS-ba~cmcnt mcmbranc~. tlw 
matcriab wcre procc~~ed idcntically a~ aboYc ~tnd in<.:ubatcd 
WÍth \"CllOtn 1ll the [)I"C~CilCC or5 1111\11 J.J 0-phcnanthroJinc and 
thcn staincd with PJ\S methPd. 

lillllllll wft i.1 wcf tt'llltt 11 f w w h.l"i.1 

EHS tissue sec\ions mounted on gla~~ si ides were deparaf
linized and incubated with L. intermedi(/ venom (I 00 ~tg/m]) 
or with PBS (controll ovcrnight at 37 C undcr humidi
!ied conditíons. The EHS-sections werc thcn washcd with 
PBS. processed for immunohistology. incubated with pri
mary polyclonallaminin antibody <Rh 1aLN) diluted I: 500 
ovcrnight at 4 C and with goat anti-rabbit lgG peroxida~e 
conjugate {Sigma) diluted I : 100. Following furthcr wa~h
ing in PBS, 3.3'-diaminobenzidine was used to vi~uali:re the 
immunoreactivity !Gremski & Cutler 1991 ). 

Tnmsmission electmn /IJÍ{"m.\·cofJY 

EHS tissues were fixed with modified Karnovsky\ l'ixative 
(Karnovsky 1965) for 2h, washed in O. IM cucodylic acid 
buffer(pH 7.3), postfixed in 1% OsO~ in 0_1 M cacodylic acid 
buffer, pH 7.3. for I h. dehydrated with ethano\ and propylene 
oxide and embedded in Epon 812. Ultrathin sections were 
incubated with PBS or L. imermedia ( 100 !J-g/ml) venom/PBS 
overnight at 37 C under humidi!ied conditions. contra~ted 
with uranyl acetate and lead citrate and examined with a 
JEOL-JEM 1200 EX 11 transmission e!ectron mkroscope at 

an accelerating voltage of ~m kY. 

Scwming efecmm microscop_\' 

EHS tissues were fi.xed in modified Karnovsky's lixa
tive (Karnovsky 1965) for I h. washed in 0.1 M cacodylic 
acid buffer, pH 7.3, incubated with PBS or L. inlermedia 
(100 ).Lg/ml) vcnom/PBS ovcrnight and postti.xed in I% Os0-1 
in 0.1 M cacodylic acid buffer(pH 7.3) for 1 h. They were then 
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dehydrated in ~·th,t-lt-1. cr:1:< .'1-point dried. sputter-coatcd 
with gold and L'\~tmin •t: I' t•b _, ~ 1 tEV XL-30 Philip~ scanning 

elcctron miet<l"'''P'' 

Plarelct aggn'po 111· 'li "' 1:1 \' 

Hunwn platckt-rich ~~,,~m.: 11 '-'~ •. btained by di fferential ccn
trifugation from fre~h human blond drawn in to acid-citrate
dextrose. Platelet aggregation in the presence o f \'cnom tsee 
Jegends forconcentr:.llionsJ were recorded at37 C ata ~tirring 
ratc o f 1 000 rpm u~ing a Becton- Dickinson aggregometer <Js 
Jescribed (Plow e/ a/. 1985). 

Dermmrecrosis studics 

For the cvaluation o f thc dcnnonecrotic effcct. poolcd Ycnom 

(sample of 40 ~Lg di!uted in PBS). obtaincd as descrihcd 
above. was injectcd intradcrmally into a ~ha\'cd area ofrahhit 
~kin. The tkrmono.::crotil: k~ion was chcckcU I h. 611. 12 h. 
1 day. 2 day~ and 5 days afll'r inJection as previ ou si y dc<..crihed 
{Veiga et a/. 1999). 

Results 

EHS-bDsenwm memhrone partem and 
q11ality control ofwxicity l!l••enom 

Figure I ;,howc. the EHS tíssue structure vicwcd hy !ight 
microscopy (A). transmission electron microscopy (BJ 
and scanning electron microscopy (C). Figures 1(0) and 
(E) represent quality control of the ability of electric 
shock-stimulatcd vcnom to produce the major signals of 
Loxoscelism. Figure 1(0) shows a dermonecrotic lesion. the 
hallmark signal cvokcd by Loxosceles spp. envenoming. The 
lesion progresscs from an acute local infl.ammatory rcaction 
with oedema. erythema and haemorrhagc into the dermis to 
a black eschar slough produced by necrosis and gravitational 
spreading. Figure I (E) depicts the platelet aggrcgation activ
ity induced by venom in vítm. a concentration-depcndent 
effect. Whcn denatured by boiling. the venom did not 
induce platelet aggregation. thus supporting a conformation
dependent activity. 

Pmteolytic e.ffect rl L. intermedia venom on 
EHS-basement membrane tissue sectioll.l" 

We first investigated a putative dcgrading effect evoked hy 
L. intermedia crude venom on EHS-basement membranes. 
Figure 2 shows that EHS-basement membranes treated with 
100 !.J.g/ml venom in PBS ovemight and stained with PAS, 
alcian blue, or immunohistochemically probed for laminin 
showed a decreased staining when compared to control 
samples incubated with PBS under the same experimental 
conditions. 

S. S. \.hga ct al. 

Figure.,· IA-·C. EHS-ba'>ement memhrane pnttern and quality control of 
toxícity ofvcnom. (A) Lightn1icrograph ofEHS tumourcelb stuined with 
h<1emmoxylin--eosin (m~gnific~tion. 600x ). {8. Cl Transmission elec
trun microscopy elcctron micrographs {mugniticalion. 2000x J und s~:un
ning electron mino.>copy elcctron micrographs lmagnitication. 579x I 
rcspectivcly o f EHS tissuc. Arrow.'> point at thc tumour capsulc which i~ 

a thick extra~:ellular matrix ofth~ ba~ement membrune. 

Effect r~frenom on EHS-basememmembrane.\ 
mw/ysed by e/('cfron micmscopy 

Since 1ight microscopy has some limítations. we under
took an additional experiment to check the pos~ible action 
of L. imermedia on basement membranes. As shown 
in Figure 3. EHS-tumour tissue sections were incubated 
overnight at 37 C with 100 IJ.g/m1 venom diluted in PBS. 
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Figure /!J. Rahbit> were llllrmknnally in_i~ctcd with 40 J.lg L imamedio crud~ wnol1l. Le-;ions wcre evaluatcJ I h. 6h. 12 h. I day, 2 day' anJ) days 
after injeetion. 

or similarly im:ubated with PBS (control) and then pro
cessed for transmission elcctron microscopy or scanning 
electron microscopy. High rcsolution electron m1croscopy 
images contirmed that the venom has a hydrolytic activ
ity on EHS-ba~emem mcmbranes. a~ previously observed 
by light microscopy. Control experiments showed a regular 
basement membrane surrounding the tumour. The venom
treated material showed an irregular basement membrane 
bordcr (arrow) with severa! points of disruption. Scanning 
electron microscopy showed the basemcnt membrane as a 
capsulc in thc control experiments. On the other hand. this 
basement membrane capsule appears disrupted in thc venom
treated material. 

Ej(ect f![ L. intermedia 1•enom on purijier.f lwninin, 
!aminin-eTIIacrin dime1: entactin wul type IV col/agen 

In order to contirm the venom·s degrading activity 
towards basement membrane. we incubatcd purified laminin, 
laminin-entactin complex and purified entactin with venom 
at 37 C overnight. Type IV collagen was evaluated at 25 C 

~ince puritied type IV collagcn is denatured at tempcratures 
above 30 C (Mackay et o!. 1990). As shown in Figure 4(A). 
neither lhe laminin a, chain nor the laminin f), or y1 chains 
sutlered any kind of proteolytic dcgmdation by the venom. 
Thc venom also haJ no degraJing effect on human plucentul 
type IV collagen (0). but cleaved entactin when complexed 
with laminin (8) oras a puritied molecule (C). 

Ejjá·1 ofvenom m1 hepamn .Hiiplwte pmreogfycan 
wul hep(lran .wfphme polvsaccharide chains 

To complete the molecular analysis of thc action of 
L imemwdia venom on ba.~ement membrane constituent~. 
we checked the Jegrading activity of the venom on enJothe
lial heparan sulphatc proteoglycan, a major component of 
basement membrancs. Endothelial heparan suiphate pro
teoglycan wa.~ incubated with venom UI 37 C ovcrnight. 
PBS was useJ ll!:> negative contrai. As can be obscrved in 
Figure S(A), the venom hydrolysed the proteoglycan in the 
protein core, but displayeJ no activity toward the heparan 
sulphate glycosaminogiycan chain (B). 
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Disruptil'e t:ffect 1!1" L intcnnedi;t re1wm on 
hasemcnl memhrmw a'ilh luminin rdcosing 

Ba~eu on the l"act that hasement membranes are an intricatc 
network fonned hy .~pecilic interactions amung its con
slituenb (Yurchenco & Schtttny 1990) and on the fact that 
thc vcnom dcpmdes entnctin and heparan su!phate proteo
glycan. hut secms to hu\'e no action on laminin or typc IV 
collagcn. wc invcstigutcd a pussible di.~integmting ;tctiYity 
of the venom on hasement memhrune structurcs since ufter 
cleavage of entactm and heparan sulphatc proteoglycan. con
nectcd molccules in thc bnsemcnt membrane network may 
suffer some kind of separation and disruption. E!-IS tissue 
{approximately lmg) was incubated with 100 ~tg vcnom and 
the ~upernatant probed for laminin hy \Vestem blotting using 
a polyclonal antibody against laminin. A:-. c<:tn be seen in 
Figure fi, venom treatment of basement mcmbranes released 
laminin. but. accordin&' to the previou~ cxperiment. had no 
apparent hydroiytic m:ti\'ity on thi~ matrix molecule. 

Jnhihitor\' e/fect oj' i. i 0-phenamhroline 011 

the pmteolytic aclirities of'Fenom 

In arder to obtain information about the nature of the pro
teolytic cffects produccd hy L. illtt>rmedia venom on EHS
basement membrane. we studied its dcgrading action on 
entactin in the presence ofinhibitors of tüur m::tjor groups of 

proteolytíc cn7ymc~. sw:h ;Js I .I ll-phcn<tnthrolinc ( mctallo
proteinase inhibitnrl. PMSF 1 serinc-protca~c mhihitorl. NEM 
tthiol-protca~c inhibitorl and pl'pstatin-1\ (il.\partic-protcusc 
inhibitor). As dcpictcd in Figure 7(A). the emactinolytic 
effect of venom was blm:kcd only hy phcnanthrolinc. Our 
ncxt goal was to study the activity of 1.1 ll-phenanthroline on 
the de_qructive effect of venom wward EH.'i-ha.~emenl mern
brane. Asdepicted in Figure 7(B). EHS-ti~sue section,\ treated 
with 100 p.g venom in the presencc o f 5 mM phenanthrolinc 
and staincd with PAS showcd a ~taining protilc identical to 
negativc contrais t incubated with PBS l. compurcd to positivc 
controb (incubated only with venom) that shows a dcgraded 
EHS-hasemcnt mcmbrunc pro!ile. 

Discussion 

In the pt·esent study. wc checkcd the possíbility that brown 
spider venom cou!d act directly on hasemetll membrane 
structurcs. We carried out experiments using EHS-basemenl 
mernbranc, the most useful and convenient source for base
rnent mcmbrane .~tutlies anda model in the field (Timpl et a/. 
1987). Ou r working hypothcsis was based on !he effccts tJig
gered hy brown spidervenom in l'im. and on previous rcports 
showing that severa! snnkc venoms can hydrolysc basemcnt 
membrnnes. Ohsaka e/ a/. (1973) dcscribed the at:tivities of 
hacmorrhagins isolated from Trimeresurusf!avoridis venom 
on hasement membrane. postulating that their noxious effects 
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Fig•m·! L mtnmedio vt>nom tlctivity on EHS-basemelll nwmhranc. EHS-ti-;,ue section.'> 1~erc incubat~!.l witil L llll<'l'lllnlia ,-~nolll OYCI'tlÍght at 
37 C IYENOM 1 o r with PBS n' ctmtrul IPBS 1 anti then Main~d for [!lycoprotcin IPAS I and proteof!ly~an ~ontenl I •d~ian blucJ o r probed ror ltlillinin 
h _v immlllwhistochemtstry tanti-LNI. Magniticatinn o f light mtnograph,. 200x. 

could çause haemorrhnge hy weakening capilbrics afler 
Jegrading the subendothelial extracellular matri:\. Cive]]p 
e/ a!. { 1983} huve reported that haemorrhagic proteinase IV 
fromtimber rallk~nake {Crow!u.1 horridus lwrridus) venom 
cataly~ed the çomplete hydrolysis of bascment memhranes. 
suggestíng that thi~ cleavage effect is involvcd in the mecha
nism ofthe haemorrhagic action ofthe proteinase. Baramova 
era!. (1989) stuJied four haemorrhagic mctalloproteinascs. 
Ht-a. Ht-c, Ht-d Hnd H t-e. fi·om western diamond black rat
tlesnake (Crowfus otmx) venom. determining their cleaving: 
abi!ity on typc IV collagen. laminin and entactin. major con
stituents o f ba~ement mcmbranes. Their data suggcst that lhe 
dcgmdations broughl about by these metalloproteinases could 
lead to loss of capillary íntegrity resulting in haemorrhage. 

Our initiul datu are based on light microscopy studie~ 

of EHS-basemcnt membranes incubated with L intennediu 
venom anJ stained for glycoprotein (PAS). proteoglycan 
(alcian blue) or laminin (immunohistochemistry using a 
polyclonal ami-laminin antibody). The results. illustrated in 

Figure 2. c!carly indicatc that thc vcnom act~ on basement 
mcmbranes. with significant reduction in staining pattern~ 
mmpurcd to the staining obtuincd for untreated prcpamtion~ 
(contrais). Figure 2(Cl (immunohistochemistry for lamininl 
furthcr supports this conc!usion. showing an appreciable dis
tuption o f \xtsement rnembnme.~ compared to controL 

Elcctron microscopy studies of venom-treateJ EHS
hasement membranes (Figure 3) furthcr indicated venom 
activity toward these structurc~. Examination by tnmsmis
sion electron microscopy and scanning electron microscopy 
showed disrupted basement mcmbrane region~. which were 
ahscnt from contrai experiments. 

We also tested i f purified molecular basement membrane 
constituents represent substrute~ for thc venom. As depictcJ 
in Figure 4, L. intamedia venorn apparently ha~ no activ
ity either on !aminin. or on typc IV collagen. the major 
macromolecules of thcst structures. In contrast. the venom 
has the ability to hydrolyse'cntactin, a dumbbcll-shaped 
molecule that !inks laminin. type IV collagen and heparan 
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Fi.~"'"~' 3. A~lion o f L 1111ermedia venon1 on EHS-hasemem membrane analyseU by electron micro~copy im~ging systems. Thin ~ecuons o r EHS-ussue 
plnced on <l guld grill wcre incubated ov<;:might al 37 C with L imermedw venom (VENOMJ or PBS as ncgative control (PBS). stained wi!h osmium 
tetluxide. and analysed hy transmis.'>ion elcctron mkros<:opy (TEMJ. Mtcro)!raph magn!licmion. 4000x. Allernativdy. EHS-tissue plact>d on a ght'i.\ 
si ide was incubatcd 11 ith venom (YENOtvl) or PBS a' ncgmivc control (PBSJ. coated with gold and then examined by ,,canning elcctron microscop: 
(SEM L Micrograph magnihcation. 38ó.'i x . Arrnws pomt 10 lhe basemcm membrane. 

sulphatc proteoglycan acting as a bridge in basement mem
brane organization (Yurchenco & Schittny 1990. Reinhardt 
et a/. 1993). Thc !Jydrolytic aclion of venom on entactin 
(!50 kDa) resulted in fragments of approximately 100 kDa 
and 50 kDa. when the laminin-entactin complex was chccked 
ataS: I substrate: crude venom ratio (Figure~4(Bl and 7(A)). 
indicating a degrading ability toward this molecule. Whcn 
purified entactin wa~ as~ayed against crude venom simi
lar fragmem.~ were obtained but thcsc fragments were suh
seguently degradcd into a variety of \ower fragments that 
run out the gcl with increa~ing concentrations of venom 
(Figure 4(C)). Similar resulb o f \aminin-entactin dimer and 
purified entactin digestions have been reportcd for snake 
venom principies since. isolated entactin is degmded by 
atrolysin E (a reprolysin puritied from Cmtaltls atrox) at 
positions 75. 296, 336, 402, 478. 625. 702 and 920. but thc 
cntactin-laminin dimer is cleavcd in a more restricted way at 
positions 322, 336. 351, 840 and 953 (Baramova et ai. 1989. 
Fox & Bjarnason 1 995). Thís difference in cleavage patterns 
for the laminin-entactín complex and for purificd entactin 
treated with venom can be explained by the fact that laminin. 
by interacting with entactin. cnn hide regions ofentactin more 
susceptíble to the degrading action ofthe venom. On the other 
hand. since cntactin is generally considercd to be denatured 
after the procedures uscd during puritication (Paulsson e/ a!. 

1987, Fox e/ a!. 1991) we can also suppos!l:,.that this dif
ference of cleavage puttern i~ evoked by venom. ascribed 
to a conformational altcration of entactin that facilitates the 
degrading activíty of the vcnom by exposing normally hid
den site~. L intcrmedia venom also degrades the protein 
core of heparan sulphate proteoglycan from endothelial celh 
(Figure 5(A)). but h<:~s <:~n apparent lack of activity on hcparan 
sulphate polysaccharide chains (Figure S(Bll. Síncc protco
glycans contributc to the ~emipermeability properties ofbase
ment membmnes nnd heparan sulphate proteoglycans in the 
kidney glomcrulus seem to be important in preventing the 
passage of macromolecules from blood 10 urine (Farquhar 
199\), it is possible that the renal injury with proteinuria 
evoked by brown spider envenomation can bc attributed to 
this hydrolytic effect on basement mcmbrane heparan sul
phate prnteoglycan. 

The basement membranes mainly consist of connected 
molecules that can bind directly to each other (Yurchenco & 
Ruben 1987. Yurchenco & Schittny 1990) and. as demon
strated above. L imermcdia venom was free of laminin
olytic and type IV collagenolytic activities. hut had the ability 
to hydrolyse entactin and heparan sulphate proteoglycan 
(Figures 4, 5 and 7). Based on the experiment described 
in Figure 6 (releasing of laminin from EHS-basement 
membranes) and structural and ultrastructural techniques 
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Figllr<' 4. Effcct o f L illtamedia vcnn1n on purilied laminin. hm1Ín1n--cnta~lin compl~x. puriticd cnla~:tin and typ~ IV ~oll~gcn. Pnrilkd lammin 1 A 1. 
l;umnin--cmactin complex t B ), 0.5 lttg diluted in 1 ml50 mM Tris-1-\Cl butfer. pH 7 .. '. containing bAM CaCJ, and I mM MgCJ,. o r typ<' IV eoll~g<'n (DI. 
0.5mg dilut~d in I ml 0.5 M acctic ~cid and thenneutr~li1-ed to pH 7.3. contuining I mM CaCl, anoJ I mM MgCI, were in•·ubmcd with IOOpg venom 
al 37 C for luminin and lmmnin-cnt~ctin comple>. or ut :!5 C for typc IV cnllug~n- Aliquots of the incubmion mixtures (25 1-l!! of proteinsl were 
removeU at different ttme tntervab and submillcd \0 clcctrophoresi:. (lincnr grndient 3-15'/f SDS-PAGEJ under rcdudng condition,. Lunc I: venont 
alonc: l~ne 2: mixtures m time 0: lan<' 3: mixturc~ attime 16h: !une 4: sub.'>trates alonc at time 16h: lammin (AJ.Iaminin-entn<.:tin comple>. (BJ anJ 
typc IV collagen (Dl. Geb were staineJ with Cuomassie hluc. Molecular wciglll stanJords <~re shown on the left. Black an'OWS point ntth~ "'' laminin 
chain. black arrowheads show f), uml y, laminin chains that comigratc. the grey arrow rcprescnt> cnta<.:tin. anti the grey arrowh~<ld show> ;m cntactin 
frugm~nt after venom hydrolpi,. Thc major 100. 130. 160 nnd 170 kDa <.:omponcms o f pcpsin-c:dra<.:tcd human placenta! typc IV c·ullag~n can h~ 
:.een in D. The astemk-; represem the major venom protein electrophorcti<.: migration,. In C. purilicd enwctin .'>amples (25 ~g) were in<.:ubutcd wtlll 
incre~sing eonccntrmions ofvemun. Lane I: cnta~tin plus lO ~·g ufvcnom: lane 2: entaetin plus 20 j.lg ofvenom: [,me 3: entaetin plu, 40 f-'.f' of vcnom. 
and lane 4: entactin plus 100 ~g o f venom. Venom-degradmg activity wa.-. vtsualized after 3-15'tr gratlicnt SDS-PAGE through mununoblouing using 
a polyelonul antibody agam.-.t entactin. 

described in Figures 2 :md 3, that show the disruptive effect 
ofthe venom toward EHS-basement membrane, we may pro
pose that the degrading cffects of spider venom on entactin 
and heparan sulphate proteoglycan render lhe structures ofthe 
basement membrane network more susceptible to damagc, 
even releasing laminin at envenomation sites. Previous results 
obtained by using recombinant human cntactin and maus.; 
entactin indicate the N-terminal globular domain 0 1 as the 
region of protease sensitivity in this molecule (Mayer ela!. 
1995). Interestingly this N-terminal globular domain 0 1 in 
mouse entactin has a size of 50kDa. and when we analysc 
the proteolytic pattern of lhe venom upon entactin (in thc 
dimer laminin---entactin. see Figure 7(A)), a similar entactin 

fragment of approximately 50 kDa can be detected. Never
theless more effort and investigation could be conducted to 

determine the sites of entactin cleavage by the venom. 
We may speculatethatlaminin release from EHS-basemenl 

membranes occurs as a function of the degrading activity 
of venom principies on proteinase-sensitive regions of the 
domains of entactín, involved in laminin binding, thus 
disrupting the interaction with laminin and etfectively dis
sociating the laminin network from the collagen IV net
work in basement membrancs. Aumailley e/ a!. (1989) 
detected that even through laminin short and long arms 
are found associated with type IV collagen, once entactin 
is extracted from laminin, significam laminin interaction 
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1·1g11n· 5 Action o f L. 111/<''"""'"i" \'cnom '"' cntlothclial hcparan wlphalé 
protcogl:..::m ;md h~paran Milphatc poly."tccharitlc cha1m. I A J EtH.ioth,·-
11:1] <.:d], \\'crr lahclktl O\'l'nlt~ht with ~udi um 1·' S hulphatc. 1511 >'("iiml 

Tlh:ochum. "lhe rad•o-lahcllctl purilkd heparan ~ulph.Lic' prolc'<'glc.c·:nl 

IIO.IliiOqlltll wa' m~uhated \A'illt vemm•I\Ougl or with PI:J~ I<:Dntroll 
ai .17 (' m-erntglll. Samp]~, \\erc anaii">Cd h: J---1:! 1-r Sl1S-l'A.GE :~ml 
thc ]!~I 11':1' drkd aml C\)lll'i!'d to l'l>ray tilm. Lanc I show\ thc autorulliu
graph oi' heparan "'lphate protcuglycan tcontroll and l"nc 2 sht>W'> hep

aT'<IIl 'ulphate pmteuglycan llll'Uhmed with venom. Venom cumponcm' 
degrade thc heparan >ulphate pmtcoglycan. rele::t.>lng proteogly~:m fr~g· 

mcnb. ( B) The sum<: c.\pcrimcnt~l proceda r~"''" rcpcated u~1r.g hcparan 
-;ulphate poly\accharidc chains a-; _<,ub\trate for thc vcnom. Thc prod

uct~ ohtaincd wcre an.tly~~d hy an agurose gel elec1rophoresis in (Ul.'i rvl 
l.J-diaminoprop~nL' ncet:tte bulkr. pH 9_0. Alkr thi: nm th!:' nunpuumb 
wcrc prccipitatcd with O.l'ii cetavlon for :!h. and Ih<' gel was th.on 
Jried and exposed to X-ray film. Lune 1 :;how' thc heparan .'>ulphat~ 
poly~accharide chains incubat~d with PBS (con\r(}]) and lanc 2 dep1ct' 
tht: hepuran sulp)lmc polysaccharide clmim obtained after vcnom treat
mcnt. On the left are shown CS - chondroitin sulphate. DS - der
mat;tn 'ulphate and J-IS- heparun sulpltate glyco.'>aminoglycnn standanh. 
Yenom components haJ no action on the heparan sulphate polysaccharide 
chain. 

with collagen IV cannot he detected which can be inter
preted by the fact that entactin binding is the major (highe~t 
affinity) interaction between iaminin and type IV collagen. 
Similarly. lhe hydrolytic effect of venom principies on the 
protein core of heparan suiphate proteoglycun can also be 
synergistically effective in dissociating the iaminin nctwork 
from the basement membrane. Interaction ofheparan suiphate 
proteoglycan with other basement membranes constituenl.~ 
may permit coordinated regulation of basement membrane 
structure and function (Yurchenco & Schittny i990). Venom 
degrading activity toward the protein core of heparan sul
phate proteoglycan could a! ter basement mcmbrane sieving, 
stability, porosity resulting in architectural modifications of 
the matrix. 

Based on the observation that L íntermedia venom hydrol
yses entactin and heparan sulphate proteoglycan and releases 
iaminin from basement membranes, and on the fact that 
these molecules are importam in supporting the structural
functional integríty of these tissue structures. we may 
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h~m<· /1 LamÍIIÍn-rcka\tng •1-:tÍ\'11~ oi- L. iiii<'I'IIH'.illl \c'llOill on IWIL\l" 
EIL)-ha'<."ll~llt mcmhrané<.. EHS-li>>ll<' lilll~l 11<1' m,·uhatéU 11itl1 
H"ll\llll li()() fl!,-'1 lll crniglll at )7 C l"llc: "'I'<~ I n,H,Hll I :'i{lld I \\ ,p, "'h

mitlc·d tn --1'.:; SDS-I'ACiF under nnn-rL·tluc"ill1' condlttPn' and tran,krrcd 
to ,Jnttroc:cllulo~c· mcmbranc that \\a., ITnlll\lllublott<:d "tlh a raf">hit anto· 

laminin polyclonal antberum. L:111<: I dcp1ct~ purilt<:d EHS laminin 15 ~·g 1 
l"cJ '" nHitml and l.lnc' ~ ~1"'"' mmaial ol:>t,.incd from thc "'rcmalanl 
aftcr treatmcnt o f lhe EHS-ha~~ment m~mhrane \\'i til \CilOill. Molecular 
wci~ht swndartls aw ~hmvn onthe lcfL 

speeulate lhat thc basement memhranc-disrupting ellect of 
the vcnom is a plausihle mechanism for it~ hw:morrhage and 
renal failure consequcm:e.~ that together with its othcr anti
eoagulant properties (Futrcll 1992, Feito'a e/ a/. 1998), pro
vides a plausible mechanism for hrown spider venom toxicÍt)'. 
The disruption ofbasement membrane triggcred by prnteases 
o f the venom could bc rclated tu spre<tding of other noxiom 
toxins. for example dermonecrotic protcin, since it evoke~ 
blood vessel wall instability and increasing permeability. 

The inhibitory effects o f 1. 1 0-phenanthroline on entactino
lytic activity. and lhe disruptíon cffcct toward EHS-basement 
membranes of venom. indicate the participation of mctallo
proteinase( s) in thesc activities and points to the possibility o f 
a metalloproteina~e-inhibitor basetl thcrapy in Loxoscclism. 
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figure 7. lnhibitory action of 1.10-phenanthroline onthe protcolyt1c prope1tics of f,_ illl<'l"l!ledia venom_ lAl Purificd laminin-entactin c'omplex 
wa> incubnted overn1ght (at lhe s~me experimental conditions as descnbcd for Figure .J-l with wnom in prescncc (lf difTtTClll protca~c inhibitor': 
phemmthroline llanc 4 ). PMSF (I une 5). NEM (]une 6) ~md pcpstutin-A ( lnne 7 )_ Lane l shnws only venom. l:inc 2 dep1cts only laminm---entactin and 
bne 3 laminin---entactin in presence of venom and ab~cnce of inhihitors. Open mTow ~how-; a, laminin chain. clw;cd arrow fl, and y, lamimn chain_,, 
nrrow hend intac1 entactin. a'terisk I 00 kDa entnctin fragment. plu, ~1gn 50 kDa entactin fragment and minu.'> sign major venom protem~ posnion. 
(B) EHS-tissue secliom, werc mcub~ted with L. llllnmedia venom overnight at 37 C ( + ). with PBS as negative control ( --) and with vcnom in pre~ence 
o f I_ I 0-phcnanthrolinc (Phe) und then stnincd for glycoproteins (PAS ). Mngnification of micrographs 400 x, 
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Loxoscelism is mainly characterizeel by two typical clinicai signals. 
i. e .. a c!ermonecrotic lesion anel systemic effects. The dermonecrotic 
lesions appear at the bite si te, with erythema, edema. anel a local clennal 
haemorrhage, that can e volve to the formation of necrotic sore o f diffi-

~ 

cult cicatrization with elegenerative implications for the affectecl tissuc 
1 FcwRESTER. BARRET & CAMPBELL. 1978: FuTRELL. 1992). Systcmic 
etfects are characterizeel by fever, mal ai se anel bleeeling that can e v oi v c 
to hemolysis. thrombocytopenia, clisseminatecl intravascule~r coagula
tion. anel renal failure (KURPIEWSKI et a/., 1981: BASCUR. YEYENES & 
BoRC;(..\, 1982: REES etal., 1988: TAMBOURGI etul .. 1995). 

'l)ep:trtllll'lll 1ll Cdl Bmlugy, Federal Umvcrs1ty ut P~1rana. JarUJJ\l Lb~ A111éncJ.s. ;; I ):1 1-'l<JO. 
Cullllh:L P;lClll:Í. l3raLil. 'Dcpartment of Physiology. FeJcr;ll University uf Paran;t. Cunuh;l. 
Br;wl T11 •vlw111 corn.:spondclH.:t! shoulJ be ;lJUresseJ. FAX: 005541-2óó-20-L2 E-m•t~l: 

\IHI/;Il!.''ll.ll<:l um1 hr 
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Dcrmoncc '"'>I te· I cs i ons. til romhocvtopen i c acti vil v. di sscm i naled in

lt·a\ ascul;rrc·c"t'élli<rlion and renal failurc ;rre events lhat could be as
cri hed tu the t•rcscncc olproteol\ li c enzymes that degrade extraccllular 

matrix mulclulc, lih.c i'ihroncctrn and fibrinogcn 1 FEITOS., e r oi. 199~: 

Vm; 1 <'I d. l'JliS. inf!U'SS 1 and cspecially thc bascment memhranc oi· 

su bcndot h c I i :ri c;r p i I Lrry c c lls wi th a conscquen t red uccd stabi I i t 1· o r thc 

1 esse I 11 ali. cl1;\1Eéi n g :h c norma I su mJundi n gs for pia te ler adhes i on and 

a~:..:rc!2alJun or altcrin!2 thc inte~rnv ofthe ~lon1crular hasen1cnt 111Cl1l-
._~ '- L '- - L-

hranc lll\<ll\ cd 111 the rtltcnng ofmoiceulcs from bloml to urine I FwQtiiAR 

e! ui. [lJ<J I: Ru111'1: \('li & Tt\11'1 .. \99~ L :rs dcnJunsll:rlcd in 
hacnrorrhaccL' ]lmduccd h1· snal-:c hiks 1 B.ll<-1\l<l\ -1 <'I ui. i'JC:h: HtTl 
e! ui. ] 1J1J.:'i. Tile c·xistcncc uf protcolytic c'll7\ll1Cs .such :r.s 

mctalloprotcasc,. h1 :rluronicbscs ;md sphingomyclin:rsc h as hccn dcm
onstt·;rtcd t<l hc prescnt in hrown spiders vcnom tFoRRESTLI<. B.wRET 

& Cl.\ll'lll 1.1.. llJ7S: Kt Rl'tt:l\ SKI e r ui., ll)S I: F mos 1 ,., ui .. llJ')S: 

R~CKllll. Ct\ uJ.c, c\: Ctnxc-:. llJSJ 1. Renal failurc 11'1\h protCIIluri:r pro

\'Oked h\ hnm n spider h1tcs rcprc:;cnts a potcntial action ofcurrcntly 

unl-:lill\\ 11 1 enlllll pnncip\cs on renal tissuc and on thc renal cxtraccllular 

matrix 1 with spc-ci;rl cmpha.sis on thc g:lomcrubr h;rscmcnt mcmhranc 
that ;rcLs on l'c'll<tl phy.siolO!!\ likc a selcctivc barricr. cst:tblishin!! a l'iltcr
In'-' ac·ti<lll hc111een hluml anel urine formation). 

~ 

ECi\1. which is structurally separatcd in to bascmcnt tm:mbranc, con
nectivc matrix ;rnd-pla.snla matrix. is rcmarkable for 1\s comp\cx struc
turc consisting: o f secretcd protcins and glycoconjugates that c reate a 

molecular nctwmk whcn tridimensionally assembled (YL'RCIIENKO & 
Scinn:-;\. 19901. EC:\1 intcractions with receptor moleculcs on the 
cell surf;rce suppml severa! hiological processes such as cell adhcsion, 
locomotion anel dillcrcntiation. playing an important phvsiological role 
in lhe lwmcost<rtic functions o f tissucs (ALBELDA & CL-\YTOC:. 1990: 

i'Vlr:l'Lilllll. F1~L1.l ,\: St'IIW-IFTL. 1993: VEtG.I cr ui .. 1997). Basc
mcnt metnhr<llll's 1 ;r specialized kind oi' EC "vi I acts likc a biomolccular 
filter scp;rraiin!,C tll<lll\ spccializcd tissucs sue h as muscle. cpithcli;tl, cn

dothelllrl. amltten ou.s tissuc I rom the respectivc connective tissucs 
(J'v!IInt:-; & Tilll'L.llJS71. Although they are widely clisseminated in di f-
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lércmussucs lll mganism. thei r moiecu krr te~mrres are h i gh I v consen cd. 

13~rscmcnr mcmbranes are composed oi" four main molcculcs. i. c .. 

laminin. lv-pc IV collagen. entactin and hcparan sulfate proteuglycan 
I Yr r'fHE'\CO c\: ScHJTT.'-IY. 1990: TtMPL. 1996). Basement mcmbr~rnes 

pro mote ccll diffcrentiation anel neurite outgrowth. are involved.in an
giogenesis. platclet aelhesion, blood-urine filtration in the kidney glom

crulus where unnc is formed, anel also perform severa! other functions 
I FARQUH.·IR. 1991: RoHRBACH & TIMPL, 1993: TIMPL ct ui., 19871. 
Thc action oi molecular constituents ofbrown spieler venomon basc
mclll rnembranés coulel explain the effects obserwd in Loxosccl ism. 
wi th cmphasis on haemon·hagic processes (subenelothelial blood v esse! 

hascmemmembrane) anel renal failure ( l!iornerular basernent mcmbrane 1. 
~ 

In lhe present study, we checked the posstbility thatL. intermediu venom 

could act dirccllv on basernentmembrune structures. En~elbrelh-Holm-. ~ 

Swarm I EHS I tumor was used. a sarcoma producing large amounts o f 
hasc:ment mcmhranc that h as beenused for the lasl vcars as thc most 
usefulmodcllo study this specializcd ECM because ofthe easy extrac
lion oi'basement membranes anel theirconstituents and also because oi 
lhe conscrwd characteristics ofthe latter, which rcnderthem similar to 
norm:rl adul1mammalian bascment mcmbrane structurcs (TI,IPL e! ui .. 

19S7: Tr,tPL et ui .. 1979). The EHS tissues werc lixed in modit'ied 

Karnovsky·s ftxative tKARNOVSKY. 1965) for 1 h. Aftcr fixalion. lhe 

lissues were washed in 0.1 M cacoelylic aciel buffer, pH 7.3, and incu
bated wilh PBS o r Loxosce/es illtennediu venom/PBS (I 00 ~tg/ml l 

ovcrnight Wtth shaking at 37"C and postfixed in I %Os O, in O. 1 M 
cacodylic acid butfer, pH 7.3, for I h. They were then dehydrated in 
elhanol. LTilical-roint dried. sputter-coated with gold and examined wilh 
a MEV XL-30 Phiiips scanning electron microscope. EHS tissuc incu

haled wilh PBS served as negative conlrols. Figure I A shows an EHS 
tissuc lhat was incubated with PBS (arrow points the bascmcnt mem
brane lhal is a capsule o f tumor), and Figure I B shows an EHS tissuc 
lhal was incubatcd with brown spider venom. A clcarly visible disrup
lton o f lhe basement membranc (arrow) c:m bc .seen in EHS seclions 
trealiéd with venom, inelicating that some o f the constituents o f lhe base-
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ment membr4nc are degraded by the enzymes found in venom. 

For transnú"ion ekctron microscopy the tissues were fixcd in modi

fied Karnovskv's fixati ve (K-'.RNOVSKY. 1965) for 2 h. Aftcr fixation. the 

tissucs were lvashccl in O 1 M cacody1ic acid buffer. pH 7.3. postfixed 

in I 'í OsO 111 () I M cacoclv1ic acid buffer. pH 7.3. for I h. clchv

dratcd 1v\th cth:lllo I anel propy Iene oxide. and embeclded in Epon. Thin 

secllons anel uitrathlll sections were then cut with a diamond knife on an 

LKB ultramicrotome. Ultrathin sections were incubated with PBS (Fig

ure 2Ai or Luw.1celes intermedia venom/PBS ( 100 pg/m1) (Figure 

2B I Mern i ~ht :11 -,i' C unckr humidified conditions. After in cu bation. 

thesc ultrathin scctions were contrasted with uranyl :\Cetatc and lcad 

citratc and cxaml\lcc! with a JEOL-JEM 1200 EX I! transmission elec

tron microscope at an accelerating voltage o f 80 KV. \V e can see ex

tensi,·e destruction of the basement membrane treated by venom. com

pareci with negative contrai (arrows). 

Paratlin-embcddcd EHS-tissue sections mountecl on glass si ides werc 

deparatlinizcd in xylene overnight and rehydrated in a graded ethanol 

series and watcr ( BEÇAK & PAULETE, 1976). The EHS-tissue sections 

were incuhatcd with PBS (contrai) (figure 3A) or with Lm:oscdes 
internzediu venom (I 00 jlg/ml) (Figure 3B) overmght at 37o C under 

humidified conditions. The EHS-sections werc thcn washed with PBS 

anel incubatcd in :1 '!O H, O, at room temperaturc for 15 minto inhibit 

the activity ofcnclogenous peroxidase, washed with PBS and nonspe

cific protein-binding sites were blocked with I '7o bovine serum albumin 

in PBS atroam tcmperature for 30 min under humidified conditions. 

After w:~shing in PBS. EHS-sections were incubatecl with a primary 

polyclonal anti-laminin •mtibody (Rb,aLN) dilutecl I :500 overnight at 

4o C. Exccss antibodv was removed with PBS and incubatcd with goat - ~ 

anti-rabhit lgG peroxidasc con jugate (Sigma) diluted I: I 00. Following 

furthcr washin;> in PBS. diaminobenzidine was used to visualize the im-, 

munorcactivitv. Scctions were washed in PBS and water. dehydrated in 

cthanol. cle:unl in xylenc. and mounted in Entellan. We can see are

cluction in thc stainmg pro file in EHS section treated with venom. com

pareci to control. anel a basement membrane disrupti v e effect (arrows I. 
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Finally, in the figure 4, the major non-collagenous basement mem
brane molecu!es represented by the laminin-entactin dimer complex (0.5 
mg diluted in SOmMTris-HCI buffer, pH7.3, containing I mM CaCI" 
and I mM MgCI2) purified from EHS tumors produced in 2-month
old C57-BLI Ofemale mice as described (23) were incubated with I 00 
11g o f Loxosceles intermedia venom for a period of 16 hours at 37"C 
(lane I), or were incubated with PBS under the same experimental con
ditions as negative contrai (lane 2); Lane 3 shows the electrophoretic 
positions ofthe major proteins o f venom. These samples were analysed 
by linear gradient 3-15% SDS-PAGE under reducing conditions and 
stained with Coomassie Blue R for visualization (LAEMMLI, 1970). Fig
ure shows that the allaminin chain (open arrow) and the ~1/yllaminin 
chains that comigrate (closed arrow) were not cleaved by the venom. 
However, the protein pattern ofthe entactin chain (arrowhead), a mol
ecule of !50 kDa, was reduced after venom treatment, and fragrnents 
of approximately l 00 kDa (minus signal) andSOkDa (plus signal) can 
be seen. Entactin interacts with the other three m<~or molecules o f the 
basement membrane (laminin, type IV collagen and heparan sul f ate 
proteoglycan), and has the important function of stabilizing this ECM 
structure. 

Based on these results and on the cleavage of entactin by the brown 
spider venom constituents, we may propose that the basement mem
brane-disrupting effect ofthe venom is a possible and plausible mecha
nism for haemorrhage and renal failure, which, together with other anti
coagulant properties ofthe venom (FuTRELL, 1992; KuRPIEWSKI et al., 

198 I; FEiTOSA et al., 1998) provides a plausible mechanism for lhe 
toxicity ofbrown spidervenoms. 
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A 

B 

Fig. 1. Effects of Loxosceles intermedia venom on EHS visualized by scanning electron 
microscopy. A, EHS basement mernbrane (arrow) incubated with PBS (negative control) 
ovemight at 37uC; B, EHS basement membrane treated with L. intermedia venom under the 
sarne experimental conditions as described above. The arrow points at an area where the 
basement mernbrane was disrupted by the action of the venom. 
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Fig. 2. Effects of Loxosceles intermedia venom on EHS visualized by transmission electron 
microscopy. A. EHS basement membrane treated overnight with PBS (negative control) at 
3 7o C. The arrow indicates the intact basement membrane; B, EHS basement membrane that 
was incubated with L. intennedia venom under the same experimental condition. The arrow 
points at the basernent membrane that was clearly fragmented by the venom. 
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A 

B 

Fig. 3. Effects of Loxosceles intermedia venom on EHS visualized by light microscopy. A, 
EHS basement membrane incubated with PBS at 37° C as control and visualized by an 
irnmunohystochemistry using a rabbit poiyclonal antibody against laminin; B, EHS basement 
membrane treated overnight with L. intennedia venom under the same experimental conditions. 
The arrows point at the basement membrane that was fragmented by the venom. 
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1 2 3 

Fig. 4. Action of Loxasceles intermedia on purified laminin-entactin dimer complex. Laminin

entacti.p. complex purified from EHS twnor was incubated with Loxosceles intennedia venom 

or PBS for 16 hours at 37" C. Lane 1 shows the complex treated with venom; Lane 2 shows the 
compl~x treated with PBS (negative control); and Lane 3 shows only venorn. The open arrow 

points at the al laminin chain; the closed arrow points at the {31/yl laminin chains that 

comigrate; the arrowhead indicates entactin; the rn.inus signal indicates th~ entactin fragment 

(100 kDa) that was produced by the action of the venom; plus signal indicates entactin 

fragments o f approximately 50kDa ( an asterisk indicates the venom pro file). 

SUMMARY 

The envenomation induced by bites o f spiders o f the genus Loxosce
les (brown spider) is known as Loxoscelism and is remarkable for a 
dermonecrotic lesion and systemic effects. These events are probably 
attributable to the presence of pn>,teolytic enzymes in brown spider venom 
that degrade extracellular matrix (ECM) constituents. The objective of 
the present study was to determine whether btown spider venom can act 
on the basement membrane, a specialized kind o f ECM. Using 

•. 
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Engelbreth-Holm-Swarm (EHS) tissue sectións treated with brown 
spider venom and analysed by scanning and transl\lission electron mi
croscopy and light microscopy, we detected a clearly visible destruc
tion of the basement membrane structure. Using purified laminin-entactin 
complex. two major constituents ofbasement membranes, treated with 
venom and analysed by SDS-PAGE, we detecteda partia] degradation 
o f the entactin molecule. The degradation.of \Qis molecule and the base
ment membrane dismption activity appearto be a plausible mechanism 
for some o f the systemic effects triggered by the venom, as renal failure 
and haemorrhage. · 

Key words: Loxoceles, loxoscelism, venom proteins. 

RESUMO 

O envenenamento induzido por acidentes com aranhas do gênero 
Loxosceles (aranha marrom) é conhecido como Loxoscelismo e é 
característico por uma lesão dermonecróticae efeitos sistêmicos. Estes 
eventos são atribuídos provavelmente à presença de enzimas 
proteolíticas no veneno desta aranha que degrada constituintes da matriz 
extracelular (MEC). O objetivo do presente estudo foi determinar o 
quanto o veneno da aranha marrom pode agir na membrana basal, um 
tipo especializado de MEC. Usando cortes de tecido de Engelbreth
Holm-Swarm (EHS) tratados com o veneno da aranha marrom e 
analisados por microscopia eletrônica de transmissão, varredura e 
microscopia de luz, detectamos uma destmição visível da estmtura da 
membrana basal. Usando complexo laminina-entactina purificado (dois 
dos principais constituintes das membranas basais) tratados com veneno 
e analisados por SDS-PAGE, detectamos uma degradação parcial da 
molécula de entactina. A degradação desta molécula e a atividade de 
rompimento da membrana basal aparenta ser um mecanismo plausível 
para alguns dos efeitos sistêmicos ativados pelo veneno, como a 
deficiência renal e hemorragia. 

PALAVRAS CHAVE: Loxoceles, loxoscelismo, veneno. 
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Abstract 

The effect of brown spider (Loxosceles intermedia) 
venom on endothelial cells was investigated in 
vivo and in vitro. Morphological and ultrastruc
tural observations by light microscopy and 
transmission electron microscopy showed that 
the venom acts in vivo upon vessel endothelial 
cells of rabbits that were intradermally injected, 
evoking vessel instability, cytoplasmic endothe
lial cell vacuolization, and blebs. Likewise, treat
ment of rabbit endothelial cells in culture with 
the venom led to loss of adhesion of the cells to 
the substrate. Endothelial cells in culture were 
metabolically radiolabeled with sodium [355]
sulfate and the sulfated compounds (proteogly
cans and sulfated proteins) from medium, cell 
surface, and extracellular matrix (ECM) were 
analyzed. Agarose gel electrophoresis and SDS
PAGE showed that the venom is active on the 
ECM and on cell surface proteoglycans, shedding 
these molecules into the culture medium. In 
addition, when purified heparan sulfate proteo
glycan (HSPG) and purified laminin-entactin 
(LN /ET) complex were incubated with the 
venom we observed a partia! degradation of the 
protein core of HSPG as well as the hydrolysis of 
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Biology, Federal University of Paraná, Jardim das Americas, 
81531-990 Curitiba, Paraná, Brazil. Fax: +55 (41) 266 2042; 
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entactin. The above results suggest that the L. 
intermedia ;venom has a deleterious effect on the 
endothelium of vessels both in vivo and in 
culture, removing important constituents such 
as HSPG and entactin that are involved in the 
adhesion of endothelial cells and of subendothe
lial ECM organization. © 2001 Elsevier Science 
Ltd. All rights reserved. 

Key Words: Brown spider; Venom; Blood vessel; En
dothelial cells 

T he mechanisms of hemostasis are depend
ent on several factors that act synergisti
cally to contrai circulating blood fluidity. 

Both muscular and endothelial cells on blood 
vessel walls are required for the normal arrest 
of hemorrhage [lJ. The components of the sub
endothelial basement membrane as well as other 
adhesive extracellular matrix (ECM) proteins are 
also involved in hemostasis, since they are 
required for adhesion of circulating platelets or 
vessel stability [1}. The circulating platelets, 
through their receptors for subendothelial adhe
sive proteins, adhere to exposed ECM at sites of 
vascular injury triggering the initiation of throm
bus formation [2]. In small blood vessels, suben
dothelial matrix and platelets can arrest bleeding, 
controlling local hemorrhage. Systemic bleeding 
requires in addition blood coagulation factors, 
which lead to the formation and removal of fibrin 
clots at sites of vascular injury [3,4}. Disruption of 

0049-3848/01/$- see front matter © 2001 Elsevier Science Ltd. Ali rights reserved. 
PII 50049-3848(01)00254-7 
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any component of this complex system may be 
responsible for thrombotic or bleeding disorders. 
Snake venoms, especially those of the Viperidae 
or Crotalidae families, are responsible for hemo
stasis disorders. These venoms contain severa} 
principies such as enzymes or nonenzyme pro
teins that are associated with local and/ or sys
temic hemorrhage. Thrombin-like enzymes and 
metalloproteinases are widely distributed in 
snake venoms and have been associated with 
these bleeding alterations [5-7]. 

Loxosceles spp. (brown spiders) are of great 
medicai importance throughout the world. They 
are responsible for loxoscelism, a term used to 
describe the clinicai signals evoked by their bite 
[8]. Brown spider envenomations may result in 
two major groups of signals, i.e., local signals at 
the bite site characterized by erythema, swelling, 
hemorrhage into the dermis, necrotic lesion with 
gravitational spreading, and in some cases 
delayed wound healing, besides systemic signals, 
which are less common than the cutaneous ones, 
but generally are the cause of deaths. They are 
fever, malaise, weakness, vomiting, hemolytic 
anemia, thrombocytopenia, disseminated intra
vascular coagulation, hemorrhage, and renal fail
ure [8-10]. 

Hemostatic problems induced by Loxosceles 
spp. venoms such as platelet aggregation disor
ders, disseminated intravascular coagulation, and 
hemorrhage into the dermis could be ascribed to 
the presence of toxins that alter the integrity of 
vessel walls, especially at the levei of endothelial 
cells and subendothelial matrix [11-13]. 

We now report the effect of Loxosceles interme
dia venom on endothelial vessel walls and endo
thelial cells in culture. Of particular significance 
were the findings that the venom alters the 
integrity of vessel walls by partially degrading 
the protein core of the heparan sulfate proteo
glycan (HSPG) as well as entactin, two major 
glycoproteins of the basement membranes. 

1. Materiais and Methods 

1.1. Reagents 

Laminin-entactin (LN /ET) dimer was purified 
from Engelbreth-Holm.-Swann (EHS) tumor as 

described by Timpl et al. [14]. For HSPG puri
fication, radiolabeled endothelial cells were 
solubilized with lysis buffer (50 mM Tris-HCI, 
pH 7.3, 1% Triton X-100, 50 mM NaCl, 5 mM 
CaC!,, 5 mM MgCI,, 1 mM PMSF, and 2 ~g/ml 
aprotinin) for 15 min at 4°C. The extract was 
clarified by centrifugation for 10 min at 
13,000 x g and frozen until use. The radiola
beled HSPG was purified by a cornbination of 
gelatin affinity chromatography, gel filtration, 
and ion-exchange chromatography as prevl
ously described [15]. 

1.2. Cell Culture 

Established endothelial cells [16J were main
tained in F12 medium supplemented with 10% 
fetal calf serum (FCS) at 37°C, in the presence 
of 2.5% C02• Confluent endothelial cells were 
metabolically labeled for 18 h with [355]-sulfate 
(150 11-Ci/ml). The cells were washed twice with 
F12 medium and then exposed to the venom 
(40 f.Lg/ml) in F12 for 3 h. The cells were 
washed twice with PBS and the sulfated com
pounds (proteoglycans and sulfated glycopro
teins) from medium, cell surface, and ECM 
were analyzed. The cell surface was removed 
with 10 mM Tris-HCI, pH 8.4, containing 0.5% 
Triton X-100 (5 min, 4°C). The dishes were then 
washed with 25 mM Tris-HCI, pH 8.4, in 3.5 M 
urea. This fraction contains the ECM proteins 
[17}. In some instances, confluent endothelial 
cells were exposed to the venom for different 
periods of time. The cells in suspension were 
washed twice with F12 medium by centrifuga
tion (1000 x g, 10 min) and again plated. The 
cells that remained adhered to the dish were 
washed twice with F12 medium, removed from 
the dishes with pancreatin (Sigma, St. Louis, 
MO) and again plated ontO petri dishes and 
maintained for 72 h in F12 medium supple
mented with 10% FCS at 37°C, in the presence 
of 2.5% co2. 

1.3. Spider Venom Extraction 

The venom was extracted from the stings of 
spiders by electrostimulation (15 V) applied to 
the cephalothorax and collected with a micro
pipette, dried under . vacuum, and frozen at 
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- 85QC until use. A pool of venom collected from 
approximately 5000 spiders was used in the 
experiments [11,18]. 

1.4. In Vivo Studies on Rabbits 

A sample of 40 ~g of proteins diluted in PBS was 
injected intradermally into a shaved area of 
rabbit skin. After 4 h of venom exposure, the 
animais were anesthetized with sodium pento
barbital, sacrificed, and processed for histology 
as shown below. 

1.5. Transmission Electron Microscopy 

Tissues were fixed with modified Kamovsky's 
fixative [19] for 2 h, washed in 0.1 M cacodylic 
acid buffer, pH 7.3, postfixed in 1% Os04 in 0.1 
M cacodylic acid buffer, pH 7.3, for 1 h, dehy
drated with ethanol and propylene oxide, and 
embedded in Epon 812. Ultrathin sections were 
contrasted with uranyl acetate and lead citrate 
and examined with a JEOL-JEM 1200 EX 11 trans
mission electron microscope at an accelerating 
voltage of 80 kV. 

1.6. Histological Methods for Light Microscopy 

Tissues were fixed in modified Carnoy's fixative 
[20] for 3 h. After fixation, tissues were pro
cessed for histology, embedded in paraffin, and 
cut into 4-ftm thick sections. The sections were 
stained with hematoxylin-eosin and analyzed 
by light microscopy. 

1.7. Gel Electrophoresis 

SDS-PAGE were performed as described by 
Laemmli [21]. Samples were applied to linear 
gradients of 3-12% or 3-15% (w /v) polyacry
lamide gels under reducing or nonreducing 
conditions (see legends). After electrophoresis, 
the gels were dried and exposed to X-ray films. 
The molecular mass markers used were myosin, 
205 kDa; ~-galactosidase, 116 kDa; phosphory
lase b, 98 kDa; albumin. 67 kDa; ovalbumin, 44 
kDa, and carbonic anhydrase, 29 kDa (Sigma). 
For glycosaminoglycan (GAG) studies agarose 
gels were performed as described by Dietrich 

and Dietrich [22]. After drying, the gels were 
stained with toluidine blue and exposed to X
ray films (X-Omat, Kodak) for 10 days at room 
temperature. The GAG standards used were 
heparan sulfate from bovine pancreas [23], der
matao sulfate from pig skin, and chondroitin 
sulfate from shark cartilage (Seikagaku, Kogyo, 
Tokyo, japan). 

1.8. Degradation of Punfied Endothelial HSPG and 
Purified LN/ET Complex by L. intennedia Venom 

For HSPG, the hydrolytic effect of the venom was 
assessed using 10,000 cpm of radiolabeled e5S04]-HSPG incubated with 10 118 of venom at 
37°C in a final volume of 50 ~· Aliquots were 
collected after 30 min and at 1, 2, 4, 8, and 18 h 
and the proteolytic effect of venom was stopped 
bls freezing the samples at - 20°C. As control, 
[ 

5504]-HSPG was incubated under the same 
conditions but in the absence of venom. Samples 
were subjected to linear gradient 3-12% SDS
PAGE under nonreducing conditions, and the gel 
was stained with Coomassie blue, dried, and 
exposed to X-ray film at room temperature for 
10 days. 

For LN /ET digestion studies, the purified 
EHS-LN/ET (500 ~g) was incubated with L. 
intermedia venom (100 ~g) at 37°C. Aliquots were 
collected atO and 30 min, and at 1, 2, 4, 8, 12, and 
24 h of incubation and the proteolysis was stop
ped by freezing the samples (- 20°C). As control 
we collected a sample of purified LN /ET after 24 
h but in the absence of venom. Samples were 
subjected to 3-15% linear gradient SD5-PAGE 
under reducing conditions and the proteolytic 
effect of the venom was assessed by Coomassie 
blue staining. 

1.9. Quantification of Rndioactive GAGs 

Radiolabeled GAGs from cell surface, culture 
medium, and ECM from contrai cells or 
venom-treated cells obtained as described above 
were analyzed by a~arose gel electrophoresis. 
The radioactivity [ 5504] incorporated into 
GAGs was determined by scraping the gel and 
counting in a scintillation counter using 0.5% 
PPO in toluene. Ali experiments were performed 
in triplicate. 
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2. Results 

2.1. Cytotoxicity of L intermedia Venom on 
Blood Vessel Endothelial Cells in Biopsies 
From Rabbit Skin 

Based on results of experimental envenoma
tions of rabbits using Loxosceles laeta venom 
[24} and Loxosceles reclusa venom [8] showing 
that the pathological signals of loxoscelism, 
edema, and hernorrhage into the dermis occur 
between 2 and 4 h after envenomation, we 
studied the behavior of blood vessel walls 
and endothelial cells from the skin of rabbits 
injected with L. intermedia venom, 4 h after 
envenomation. Fig. 1 shows the histopatholog
ical changes induced by the venom observed 
by light and transmission electron microscop
ies. Fig. 18, C, E, and F depict the changes 
induced by the venom in the blood vessels, 
with the occurrence of subendothelial blebs, 
vacuoles, and degeneration of blood vessel 
walls. Fig. lA and D show normal vessel 
endothelial cells from rabbit skin used as con
trol (injected with PBS). 

2.2. Loss of Adhesion of Rabbit Endothelial Cells m 
Culture Exposed to L. intermedia Venom 

Endothelial cells were maintained in the pres
ence of the venom (Fig. 2). After 3-h exposure 
(Fig. 2B), it is possible to note the loss of 
adhesion of some cells. After 6- (Fig. 2C) and 
18-h (Fig. 2D) exposures, 50% and 95% of the 
cells are round and most of the cells are in 
suspension, respectively. Fig. 2A represents con
trol cells in the absence of venom. The cells in 
suspension, after venom treatment for 6 and 18 
h, as well as the cells that remained in the 
dishes after venom treatment for 18 h were 
again plated (Fig. 3). Examination of the cells 
that were in suspension for 6 and 18 h (Fig. 3A 
and B) or still in the dishes after 18 h (Fig. 3D) 
of venom treatment, 72 h after plating showed 
that they were adhered to the petri dishes and 
growing normally like the control cells (Fig. 3C). 
Trypan blue uptake studies showed that both 
the cells in suspension and adhered to the plates 

after 18-h treatment were 95% to 97% viable 
(data not shown). 

Fig. 1. Histological studies of blood vessel walls from 
skin of rabbits injured with L intermedia venom. (A) 
Light micrograph ( x 400) stained with hematoxylin
eosin of a normal blood vessel from rabbit skin (arrows 
point at endothelial cells). (B) Light micrograph ( x 400) 
of a blood vessel from the skin of a rabbit injured with L. 
intermedia venom showing a subendothelial bleb (arrow). 
(C) Light micrograph at high magnification ( x 1000) of a 
blood vessel from the skin of a rabbit injured with venom 
showing severa! subendothelial blebs and vacuoles 
(arrows). (D) Transmission electron micrograph of a 
normal blood vessel from rabbit skin ( x 6000); L, lumen 
of the blood vessel; N, nuclei; C, cytoplasm of endothelial 
cells; arrows point to the subendothelial basement 
membrane. (E and F) Electron micrographs of a blood 
vessel from the skin of a rabbit injured with venom. Note 
the degeneration of the blood vessel wall and some 
subendothelial blebs (arrows); L, lumen of the blood 
vessel; N, nuclei of endothelial cells; asterisk shows 
leukocyte interacting with an endothelial cell (E, x 4000 
and F, x 20,00~0 magnification). 
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Fig. 2. Loss of adhesion of rabbit aorta endotheliai cells 
after venom exposure. Endothelial cells were exposed to 
the venom for 3 (8), 6 (C), and 18 h (D). The arrows 
indicate rormded cells in suspension. (A) Controls cells 
maintained for 18 h in the absence of the venom. 

2.3. Effect of L. intermedia Venom on Sulfated 
Polymers From Different Cellular Components of 
Endothelial Cells in Culture 

To ascertain the cytotoxicity of L. intermedía 
venom on endothelial cells, experiments were 

Fig. 3. Recovery of endothelial cells after venom 
exposure. The cells in suspension (Fig. 2) 6 (A) and 18 
h (B) after venom treabnent were washed twice with F12 
medium by centrifugation (1000 x g, 10 min) and again 
plated. The cells that remained adhered to the plate after 
18 h of venom treatment (C) as well as contrai cells (D) 
were washed twice with F12 medium, removed &om the 
dishes with a proteolytic enzyme and again plated onto 
petri dishes and maintained for 72 h in F12 medium 
supplemented with 10% FCS at 37°C, in the presence of 
2.s% co2. 

performed with endothelial cells, which were 
radiolabeled with [355]-sulfate for 24 h and 
exposed to 40 f.Lg/ml of the venom for 4 h at 
37°C. ECM, cell surface, and culture medium 
were separated from the venom-treated cells as 
well as from the control cells. The sulfated 
polymers were extracted from these compart
ments and subjected to agarose gel electropho
resis (Fig. 4). A decrease of the sulfated 
polymers of the ECM and cell surface was 
observed in the venom-treated cells. This 
decrease was accompanied by an increase of 
the polymers in the medium from the venom
treated cells. To characterize the nature of the 
suliated polymers, the polymers were incubated 
with a nonspecific proteolytic enzyme (maxa
tase), and again subjected to agarose gel electro
phoresis (Fig. SA). Only one radioactive 
component was observed with the migration 
of heparan sulfate. A decrease of heparan sul
fate from the ECM and cell surface and an 
increase of the compound in the culture 
medium from the venom~treated cells were 
observed. Fig. SB shows the quantitative analy
sis of this experirnent. We may conclude that 
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Fig. 4. Effect of L. intermedia venom on sulfated 
polymers from different cellular compartments of en
dothelial cells. The endothelial cells were labeled with 
[3SS]-sulfate and then exposed for 4 h to the venom or not 
exposed. Aliquots normalized for volumes of ECM, the 
cell surface, and culture medium were submitted to 
agarose gel electrophoresis, dried, and exposed to X-ray 
film. C, contrai fractions; V, venom-treated fractions; HS, 
heparan sulfate; DS, dermatan sulfate; and CS, chon
droitin sulfa te standard mobilities. For further details see 
Materiais and Methods. 
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Fig. 5. Activity of L intermedia venom toward proteo
glycans from different cellular compartments of en
dothelial cells. (A) Endothelial cells were radiolabeled 
and treated with venom as described in Materiais and 
Methods. Aliquots of the same volume of ECM, cell 
surface, or medi um were digested with maxatase and the 
free GAGs originated were submitted to agarose gel 
electrophoresis, and the gels were then dried and 
exposed to X-ray films. C, contrai fractions; V, venom
treated fractions; HS, heparan sulfate; DS, dermatan 
sulfate; and CS, chondroitin sulfate standard positions. 
(B) The radioactivity incorporated into heparan sulfate 
was quantified as described in Materiais and Methods. 
The results represent the mean of three individual 
experiments. CTR (control), samples in the absence of 
venom; VENOM, samples incubated with venom; 
MEDTIJM, culture medium; ECM, extracellular matrix; 
SURFACE, cell surface. 

most of the e5S]-sulfated polymers were HSPG, 
which releases the free GAG chain after treat
ment with maxatase. We can also suggest that 
the venom possesses a. protease that acts in a 
limited manner on the protein core of the HSPG 
releasing this compound, still as an HSPG, from 
the ECM and cell surface. 

2.4. Degradation of Purified HSPG From Endothe/ial 
Cells by L. intermedia Venom 

To gain more information on the nature of the 
action of the L. intermedia venom upon HSPG, 
ess]-HSPG from endothelial cells, purified as 
described in Materiais and Methods, was incu
bated with the venom as indicated in Fig. 6. A 
fragment of approximately 100 kDa was formed 
after venom treatment, but no other fragments 
were formed as function of the time, suggesting 
that HSPG contains only one linkage susceptible 
to proteolysis caused by the venom. 

2.5. Degradation of Entactin in the LN/ET Complex 
by L intermedia Venom 

Here, we assayed purified LN/ET complex (two 
major basement membrane constituent mole
cules) from EHS (a murine sarcoma cell, see 

1 2 3 4 5 6 7 kDa 
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Fig. 6. Hydrolytic effect of L. intennedia venom on 
purified endothelial HSPG. HSPG purified from en
dothelial cells was incubated with L. intermedia venom 
for different periods of time at 37°C. Aliquots were 
submitted to SDS-PAGE (3-12%) under nonreducing 
conditions. After the run, the gel was stained with 
Coomassie blue, dried, and exposed to X-ray film. Lane 
1, purified HSPG without venom treatment; lanes 2 to 7, 
respectively, HSPG exposed to the venom after 30 min 
and at 1, 2, 4, 8, and 18 h. Molecular mass markers are 
shown on the right. 
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Fig. 7. Hydrolytic effect of L intermedia venom on 
purified LN/ET dimer. LN /ET dimer purified from EHS 
tumor was incubated with the venom for different 
periods of time at 37°C as indicated. Aiiquots were 
submitted to SDS-PAGE (3-15%) Wlder reducing condi
bons. After the run, the gel was stained with Coomassie 
blue. Lane L purified LN/ET without venom treatment 
but incubated at 37°C for 24 h (experimental stability 
contrai); lanes 2 to 9, purified LN/ET exposed to the 
venom for O and 30 min and for 1, 2, 4, 8, 12, and 24 h. 

Materiais and Methods). The incubates were 
subjected to 3-15% SDS-PAGE (Fig. 7). Two 
fragments of 100 and 50 kDa were formed from 
entactin after 1 h on incubation or more. 

3. Discussion 

The hemorrhagic effects triggered by Loxosceles 
spp. venoms are currently under investigation. 
The venoms of different species are able to 
promote platelet aggregation and thrombocyto
penia as evidenced for L. reclusa [25], L. inter
media [12], and L. laeta {26]. The platelet 
aggregation induced by L. reclusa is evoked by 
a low molecular mass protein characterized as 
sphingomyelinase D [25]. In addition, adult 
plasma components also appear to be required 
for platelet activation and aggregation [27]. Cal
cium or other divalent metais are required for 
platelet aggregation since EDTA inhibited this 
event [25]. Platelet activation is also an ADP 
release-dependent reaction [8]. On the other 
hand, several other active principies different 
from sphingomyelinase D have been identified 
in Loxosceles spp. venoms. Several enzymes such 
as hyaluronidase, alkaline phosphatase, phos
phohydrolase, and lipase were identified in 
studies on L. reclusa venom [8]. Working with 

L. intermedia venom, we demonstrated that the 
venom contains metalloproteases with gelatino
lytic, fibrinogenolytic, fibronectinolytic activities 
[11,12], and also contains two other serine pro
teases of 85 and 95 kDa [28]. 

Hemorrhagic consequences after Loxosceles 
spp. envenomation appear to be complex. Local 
bleeding can be evoked directly by the platelet 
aggregating effect, or may be a consequence of 
proteolytic attack of the enzymes against blood 
coagulation factors such as fibrinogen [11,12] or 
may be caused by deleterious activities of the 
venom on subendothelial molecules such as 
fibronectin [11,12], or basement membrane sub
endothelial structures, affecting platelet adhe
sion, and vessel stability [13]. 

Herein, by using 40 f.Lg of proteins from venom 
in experimental procedures (this value represents 
the average concentration of venom proteins 
injected during accidents), we report additional 
evidence that brown spider venoms have delete
rious activities on endothelial cells, with patho
logical changes important for loxoscelism, 
especially for endothelium-dependent vascular 
activities and local hemorrhage. Histological 
studies of skin sections processed for light or 
transmission electron microscopies showed sub
endothelial vacuoles, bleb fonnation, and vessel 
disruption 4 h after inoculation in vivo, demon
strating cytotoxic effects. Since a major character
istic of loxoscelism is an accumulation of 
inflammatory cells and specially polymorphonu
clear leukocytes around the blood vessels infil
trated in the area of envenomation [8,24], we 
cannot exclude that the histopathological changes 
evoked in loxoscelism such as vessel instability, 
edema, hemorrhage, and even endothelial cell 
cytotoxicity such as subendothelial vacuolization 
and bleb formation are partially due to this mas
sive leukocyte infiltration in· the tissues around 
the vessels through leukodiapedesis or even leu
korrhexis that eventually evokes lysis of the 
plasma membrane of endothelial cells. By using 
an endothelial cellline free of leukocytes, exposed 
to the venom, we were able to note the loss of 
adhesion of cells to fue culhtre bottle, as well as a 
change in cell morphology to a round shape, 
confirming the direct cytotoxicity against endo
thelial cells. In experiments using radiolabeled 
venom-treated endothelial cells, we detected an 

' 
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increase of HSPG into the medi um anda decrease 
of these molecules on the cell surface and in the 
ECM of endothelial cells. These data were con
firmed using purified HSPGs from endothelial 
cells incubated with the venom. It was observed 
that the venom is able to cleave the HSPG, orig
inating HSPG fragments. The venom also 
degrade entactin from the LN/ET complex. Lam
inin was resistant to the hydrolytic effect of the 
venom, as previously shown [11,13}. The base
ment membranes have a particular set of proteins 
such as Type IV collagen, laminin, entactin, and 
HSPG that can bind directly to each other, orig
inating a structure arranged as a network [29}. 
The degrading effects of the venom on entactin 
and HSPG can render the structures of the base
ment membrane network more susceptible to 
damage, together with direct venom activity 
upon endothelial cells, cause a disturbance of 
the endothelial cell adhesion to this vessel struc
ture. It is interesting to note that experimental 
envenomation in rabbits originate hemorrhage 
into the dermis between 1 and 4 h (data not 
shown), that agree with the time of degrading 
activities of the venom upon basement membrane 
constituents. The above results suggest that the 
morphological alterations such as subendothelial 
vacuoles, bleb formation, and the cytotoxicity of 
endothelial cells evoked by the brown spider 
envenomation could be in part a consequence of 
the deleterious effects of the venom on the endo
thelial cell surface and subendothelial ECM, 
which play important roles in the organization 
and adherence of these cells, with the consequent 
occurrence of vessel instability, edema, and local 
hemorrhage into the dermis, venom toxins 
spreading to underlying tissues and delayed 
wound healing. 
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CAPES, Fundação Araucária-PR, and FUNPAR-UFPR. We 
~knowledge LIPAPE and FUNASA for venom exlraction. 

References 

1. Beutler E, Lichtman ~~ Coller BS, Kipps TJ. 
Williams hematology. 5th ed. USA: McGraw
Hill, 1995. 

2. Williams MJ, Da X, Loftas JC, Ginsberg MH. 

Platelet adhesion receptors. Semin Cell Biol 
1995;6305-14. 

3. Ruggeri ZM. Von Willebrand factor and fibri
nogen. Curr Opin Cell Biol1992;5:898-906. 

4. Leung LLK. Role of thrombospondin in plate
let aggregation. J Clin Invest 1984;74:1764-72. 

5. Bjarnason JB, Fox JW. Snake venom metallo
proteinases reprolysins. Methods Enzymol 
1995;248:345-68. 

6. Kamiguti AS, Hay CRM, Theakston RGD, 
Zuzel M. Insights into the mechanism of hae
morrhage caused by snake venom metallo
proteinases. Toxicon 1996;34:627-42. 

7. Markland FS. Snake venoms and the hemo
static system. Toxicon 1998;36:1749-800. 

8. FutrellJ. Loxoscelism. Am J Med Sei 1992;304: 
261-7. 

9. Williams ST, Khare VK, Johnston GA, Blackall 
DP. Severe intravascular hemolysis asso
ciated with brown recluse spider envenoma
tion - a report of 2 cases a review of the 
literature. Am J Clin Pathol1995;104:463-7. 

10. Lung )M, Mallory SB. A child with spider 
bite and glomerulonephritis: a diagnostic 
challenge. Int J Dermatol 2000;39:287 -9. 

11. Feitosa L, Gremski W, Veiga 55, Elias MCQB, 
Graner E, Mangili OC, Brentani RR. Detec
tion and characterization of metalloprotei
nases with gelatinolytic, fibronectinolytic 
and fibrinogenolytic activities in brown spi
der (Loxosceles intermedia) venom. Toxicon 
1998;36:1039-51. 

12. Veiga SS, Gremski W, Santos VLP, Feitosa L, 
Mangili OC, Nader HB, Dietrich CP, Brentani 
RR. Oligosaccharide residues of Loxosceles in
termedia (brown spider) venom proteins: de
pendence of glycosylation for dermonecrotic 
activity. Toxicon 1999;37:587-607. 

13. VeigaSS, Feitosa L, Santos VLP, de Souza GA, 
Ribeiro AS, Mangili OC, Porcionatto MA, Na
der HB, Dietrich CP, Brentani RR, Gremski 
W. Effect o f brown spider venom on base
ment membrane structures. Histochem J 
2000;32:397 -408. 

14. Timpl R, Rohde H, Robey PG, Rennard SI, 
Foidart JM, Martin GR. Laminin - a glyco
protein from basement membranes. J Biol 
Chem 1979;254:9933-7. 



5.5. Veiga et al./Thrombosis Research 102 (2001) 229-237 237 

15. Nader HB, Dietrich CP, Buonassisi V, Col
burn P. Heparin sequences in the heparan 
sulfate chains of an endothelial cell proteo
glycan. Proc Natl Acad Sei USA 1987;84: 
3565-9. 

16. Buonassisi V, Venter JC. Hormone and neu
rotransmitter receptors in an established vas
cular endothelial cellline. Proc Natl Acad Sei 
USA 1976;73:1612-6. 

17. Gospadorowics D. In: Barnes DW, Sirbas
ku DA, Sato GH, editors. Methods for 
preparation of media, supplements and 
substrata for serum free animal cell cul
ture. New York Alan R. Liss, 1984. 

18. Barbaro KC, Cardoso JLC, Eickstedt VRD, 
Mata L Dermonecrotic and lethal compo
nents of Loxosceles gaucho spider venom. Tox
icon 1992;30:331-8. 

19. Karnovsky MJ. A formaldehyde-glutaralde
hyde fixative of high osmolality for use in 
electron microscopy. J Cell Biol1965;27:137 A 

20. Beçak W, Paulete J. Técnicas de citologia e 
histologia. Rio de Janeiro (Brazil): Livros 
Técnicos e Científicos Editora, 1976. 

21. Laemmli UK. Cleavage of structural proteins 
during the assembly of the head of bacter
iophage T -4. Nature 1970;227:680-5. 

22. Dietrich CP, Dietrich SMC. Electrophoretic 
behaviour of acidic mucopolysaccharides in 
dyamine buffers. Anal Biochem 1976;70: 
645-7. 

23. Dietrich CP, Nader HB, Straus AH. Structur
al differences of heparan sulfates according 
to the tissue and species of origin. Biochem 
Biophys Res Commun 1983;111:865-71. 

24. Pizzi TP, Zacarias JS, Schenone HF. Estudio 
histopatológico experimental en el envenena
miento por Loxosceles laeta. Biológica (Santia
go) 1957;23:33-51. 

25. Kurpiewiski G, Forrester LJ, Barrett JT, 
Campbell BJ. Platelet aggregation and sphin
gomyelinase D activity of a purified toxin 
from the venom of Loxosceles reclusa. Biochim 
Biophys Acta 1981;678:467-76. 

26. Bascur L, Yevenes I, Barja P. Effects of Lox
osceles laeta spider venom on blood coagula
tion. Toxicon 1982;20:795-6. 

27. Cates CA, Rees RS. Serum amyloid P compo
nent: its role in platelet activation stimulated 
by sphingomyelinase D purified from the ve
nom of brown reei use spider (Loxosceles reclu
sa). Toxicon 1990;28:1303-15. 

28. Veiga SS, Da Silveira RB, Dreyfuss JL, 
Haoach J, Pereira AM, Mangili OC, Gremski 
W. Identification of high molecular weight 
serine-proteases in Loxosceles intermedia 
(brown spider) venom. Toxicon 2000;38: 
825-39. 

29. Yurchenco P, Schittny J. Molecular and cellu
lar aspects o f basement membranes. F ASEB J 
1990;4:1577-90. 



Blt>od Coagulation and Fibrinoiysi< 2001, 13:1....,._ 

Morphological and biochemical evidence of 
blood vessel damage and fibrinogenolysis 
triggered by brown spider venom 

V era C. Zanetti, Rafael B. da Silveira, Juliana L. Dreyfuss, Juliana Haoach, 
Oldemir C. Mangili, Silvio S. Veiga and Waldemiro Gremski 
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The vcnom of the brown spidcr is rcma.-kablc bccausc it causes de.-monecrotic injury, hemorrhagic problems, hemolysis, platelet 
aggregation and renal failure. The mccb;mism by which thc venom causes hcmorrhagic disordcrs is poorly undcrstoo.d. Rabbits 
intradcrmally exposed to the vcnom showcd a local hemorrhage starting I h after inoculation and rcaching maximum activity 
belWcen l and J days. Biopsics cxamined by light and transmission elcctron microscopy showed Jubcndothclial hlcbs, vacuoles and 
endothelial cell membrane degencration in blood vcsscls, plasma exudation into connectivc tissuc, and fibrin and thrombus 
formation wirhin blood vessels. Loxoscelt>S intennedia venom incubated with fibrinogen partially degrades Aa and BfJ chains of 
intact fibrinogen, and significantly clcavcs ali Aa, BfJ and chains when thcy wcre scparaled or when fibrinogcn is denatured by 
boiling. Proteolytic kinetic studics .,howcd that thc Aa chain is more susceptiblc tn vcnom hydrolysis than the BfJ chain. The 
fibrinogenolysis is blocked hy cthvlenediamine tctraacetic acid and 1,10-phenanthroline, but not by oth~r protease inhibiton, 
Human plasma incubated with rhc vennm had coagulation parametcrs such as prothrombin time, activated partia! thromboplastin 
time and thrombin time increased. Through molecular sieve chromatography, we isolated a vcnom tnxin of 30 kDa with 
fibrinogcnolytk activity. We propose that thc local and systemic hcmorrhagic disordcn evoked in loxosceli•m are consequences of 
direct vcnom 6brinogenolysis tog~thcr with cytotoxicity to suhcndothdial structures and endothclial cclls in blood vesseb. Blood 
Coagul Fibrinolysi! 13:1-14 ,ç, 2001 Lipponcott Williams & Wilkins. 

Keywords: brown spider, vcnom, hcmorrhage, fibrinogenolysis 

Introduction 

Brown spiders (Loxosceles genus) are spiders of 
medicai imponance throughout thc world [1,2]. 
Loxosceles venoms are a mixture of heterogeneous 
proteins ranging from low to high molecular mass 
molecules [3-5], with severa\ of them having toxic 
or enzymatic activities related to the typica! signs of 
envenomation l1,6- 9]. The ha!lmark of envenoma~ 
tion by brown spiders is a typical acute and local 
dermonecrotic lesion that appears some hours after 
envenomation. The inflammatory necrotic reaction 
progresses from a local erythema and edema to an 

impressive dermonecrosis with gravttational spread
ing [1,10]. In addition, during the course of skin 
!esion, Loxosceles venom also triggers systemic 
effects such as renal failure, intravascular hemolysis 
and hemorrhage, which are the most severe effects 
of loxoscelism associated with death in lethal acci
dents (1,11]. Clinicai signals such as malaisc, weak
ness, chills, fever, nausea, vomiting and convulsions, 
which suggest some effect at the nervous system 
leve~ havc also been reported [1,1 1 ]. 

The hemorrhagic consequences of loxoscelism 
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appear to be molecularly complex and the mechan
isms by which the brown spiders cause these 
disorders are currently under invcstigation. Hemor
rhage begins at the bite site inside the dermis, where 
histological studies havc reported pronounccd infil
tration of polymorphonuclear leukocytcs, coagula
tive tissue necrosis and vasculitis [1,12,13]. 
Preliminary studies using brown rccluse spider 
(Loxosceles reclusa) venom have shown that the 
venom contains a sphingomyelinase D of 32 kDa 
involved in platelet aggregation (14]. This platelet 
aggregation activity has also been observed in other 
Loxosceles spider species such as Loxosceles laeta 
and Loxosceles intermedia venoms [8,15]. Thus, the 
local hemorrhage triggered by brown spider venoms 
can be directly attributed to thrombocytopenia, ar 
may be the consequence of vcnom activity on the 
subendothelial cxtracellular matrix, as previously 
reporred for snake venom activity on components of 
the subendothelial basement membrane [16]. Fibro
nectin and entactin are two important proteins 
involvcd in the structural and biological properties 
of subendothelial basement mcmbranes [17,18], and 
the degrading effects of the venom on these mole
cules may be directly responsible for its deleterious 
activiry on vessels during envenomation. In support 
of this last possibility, in a study on L. intermedia 
vcnom we dctectcd a fibronectinolytic activity in the 
venom caused by a metalloproteasc [ 6,7] and an 
entactinolytic effect also evoked by a metailopro
tease [8]. Brown spider venoms also evoke dissemi
nated intravascular coagulation causing ocdusion of 
vessel wa!ls in laboratory experimental animais and 
in human patients [1,19]. Nevcrthdcss, thc real 
mechanism by which Loxosceles venoms cause he
morrhage is poorly understood, and more effort and 
studies are needed to elucidate ir. In the present 
rcport, we describc some evidencc of blood vessel 
damage and fibrinogenolysis caused by exposure to 
the Loxosceles venoms at morphological and mole
cular leveis in order to contributc to the explanation 
of its mechanism of activation of the hemostatic 
disordcrs. 

Materiais and methods 

Reagents 

Purificd human fibrinogen was purchased from 
Sigma (St Louis, Missour~ USA). Polyclonal anti-B 
f3 fibrinogcn chain antibodies were produced in 
a rabbit using purified fibrinogen submitted to 
preparative 10% sodium dodecyl sulfate-polyacryla
mide gel electrophoresis (SDS-PAGE) under redu-
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cing conditions as described by Harlow and Lane 
[20]. 

Spider venom extraction 

The venom was cxtracted from spiders captured 
from nature and kept for 1 week without any kind 
of food. The venom was extracted from the fangs of 
spiders by electrostimulation (15 V) applied to the 
cephalothorax, and collected with a micropipette, 
dried under vacuum and frozen at -85°C until the 
time for use. Pools of venom collected from 200-
SOO spiders in different batches were used during ali 
the experiments, completing a total of approximately 
5000 spiders [8]. Protein content was determined by 
the Coomassie Blue method [21]. 

In vivo studies on rabbits 

For the evaluation of the hemorrhagic activity of L. 
intermedia venom, pooled venom { 40 .ug protein 
samples diluted in phosphate-buffered saline) ob
tained as already described was injected intrader
mally into a shaved area of rabbit skin. The 
development of the lesion was checkcd after 30 min 
and after 1, 2, 4, 8, 12 and 24 h, and then daily for 
25 days after exposure. For histopathological analy
sis, some animais were anesthetized with sodium 
pentobarbital and sacrificed 4 h after cxposure to the 
venom, and tissue samples were processed as de
scribed in the following. 

Histological methods for light and transmisswn 
electron microscopies 

Venom-injured rabbit skins were fixed in modified 
ALF AC fixative for 3 h, processed for histology, 
cmbcdded in paraffin and cut into 4-{lm thick 
sections. The sections were stained with hematox
ylin-eosin for light microscopy. Alternatively, tis
sues were fixed with modified Karnovsky' s fixative 
for 2 h for transmission electron microscopy [22]. 
Ultrathin sections were contrasted with uranyl 
acetate and Iead citrate, and examincd with a JEOL
JEM 1200 EX li transmission electron mtcroscope 
at an accelerating voltage of 80 kV. 

Gel electrophoresis 

SDS-gel dectrophoresis were performed as de
scribed by [23]. Samples under reducing or non
reducing conditions were applied to polyacrylamide 
gels (see figure captions for details). For protein 
detection, gels were stained with Coomassie Blue 
dye. For imrnunoblotting, after electrophoresis, pro
teins were transferred unto nitrocellulose fi.lters 
overnight as described by Towbin et al. [24]. The 
molecular mass markers used were from a protein 



ladder of 10 kDa (Gibco BRL, Bethesda, Maryland, 
USA). 

Determination of the fibrinogenolytic activity of L. 
intermedia venom 

Purified human fibrinogen (100 p g samples) in 
intact form ar denatured by boiling was incubated 
with incrcasing concentrations of the venom (0.006-
100 flg) at 37°C for 16 h. Samples were applied to 

12.5% polyacrylamide gels under reducing condi
tions (see figure captions for dctails). Alternatively, 
100 ,ILg samples of human fibrinogen were incubated 
with 12.5 ,ILg venom under the same conditions as 
already described, but processed for polyacrylamide 
gel electrophoresis (linear gradicnt, 3-15%) under 
non-rcducing condicions. 

Charactenútion of the specificity o f the proteolytic 
effects of L. intermedia venom on fibrinogen chains 

Purified human fibrinogen was submitted to pre
paralive 12.5% (w/v) SDS-PAGE under reducing 
conditions. Separated Aa, Bp and y chains (samples 
of approximately 30 11g) were cxciscd from the 
polyacrylamide gels and individual\y incubated with 
100 ,ILg/ml venom at 3rC for 16 h. The samples 
were submitted to 12.5% SDS-PAGE under redu
cing conditions as already describcd. Alternatively, 
100 ,ILg purified fibrinogcn was incubated with 
12.5 ,ILg vcnom for 16 h at 37°C. As a contrai, 
fibrinogen and venom were incubated alone. The 
samples wcre submitted to 12.5% SDS-PAGE under 
reducing conditions. The clectrophoresed material 
was stained with Coomassie blue or transferred 
overnight to nitrocellulose filters as already de
scribed and then immunoblottcd using primary anti
bodies to the B.B fibrinogen chain obtained as 
described in 'Rcagents', and devcloped as described 
in detail by Veiga et al. [25] (see figure captions for 
details). 

Time course of the fibrmogenolytic effect of L 
inter-media venom 

Purificd human fibrinogen (100 ,ILg samples) was 
incubated with the venom (12.5 JLg samples) at 37'C. 
Aliquots of the reaction mixtures were collected 
after O, 15, and 30 min and 1, 2, 4, 8, 12 and 24 h. 
The proteolytic effect of the venom was stopped by 
freezing the samples at -20°C. As contrai of experi
mental stability, fibrinogen was collected after 24 h 
in the absence of vcnom. Samples were subjected to 
12.5% SDS-PAGE under reducing condirions as 
already described. 

Hemorrhagic effeas of brown spider venom 

Effect of protease inhibitors on the fibrinogenolytic 
acttVity of brown sptder venoms 

Purified human fibrinogen (100 11g samples) was 
incubated with L. intermedia venom (12.5 JLg sam
ples) at 37°C for 16 h in the presence of divalent 
metal chelators such as cthylenediamine tetraacetic 
acid (EDTA) (5 mmol!l) and 1,10-phenanthroline 
(5 mmol/1), serine-protease inhibitors such as aproti
nin (2 JLg/ml) and benzamidine (10 mmol/1), thiol
protease inhibitors such as N -ethyl-maleimide 
(5 mmol/1) and iodoacetamide (10 mmol/1), and an 
acid-protease inhibitor such as pepstatín-A (10 ,~Lg/ 
ml). As negative control fibrinogen was incubated at 
37'C for 16 h in the absence of the venom, and as 
positive contrai :fibrinogen was incubated under the 
same conditions in the presence of venom but in the 
absence of protease inhibitors. Samples were sub
mitted to 12.5% SDS-PAGE under reducing condi
tions as already described. Alternatively, purified 
huroan fibrinogen (100 }1g samples) was incubated 
with L. intermedia, L. laeta and Loxosceles gaucho 
venoms (12.5 j.lg samples) at 37'C for 16 h in the 
presence or absence of 1,10 phenanthroline 
(5 mmol/1). As contrais, the respective venoms were 
incubated in the absence of fibrinogen, or :fibrinogen 
was incubated in the absencc of venoms. The 
materiais were submitted to 12.5% SDS-PAGE 
under reducing condirions as already described. 

Determination of hemostatic parameters in vitro 
Blood coagulation parameters in vitro were deter
mincd using a pool of human citrated plasma from 
five normal donors. Samples of pooled plasma were 
incubated at 3rC overnight with 100 or 200 j.lg/ml 
L intermedia venom. A sample of pooled plasma 
was processed at the same experimental condirions 
as already described but in the absence of venom 
(contrai for experimental stability). Assays of pro
thrombin time, activated partia! thromboplastin time 
and thrombin time were performed using standar
dized techniques and reagents (Organon Teknika, 
Durham, North Carolina, USA), as described by 
Beutler et al. [26]. 

Chromatographic purification of fibrinogenolyric 
toxin from L. intermedia venom 

The L. intermedia venom (10 mg) was dissolved in 
50 mmol!l Tris-HCI buffer (pH 7.3), containing 
150 mmol/1 NaCI and then filtered through a 
0.22 JLffi membrane (Millipore, São Paulo, Brazil) to 
remove some insoluble precipitated material. A 
column (2.5x150cm) of Sephadex G-100 (Pharma
cla, Uppsala, Sweden) was equilibrated with the 
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aforementioned buffer at 20"C, the sample was 
applied to thc column and chromatographed using a 
Econo Sysrem machine (Bio Rad, Richmond, Virgi
nia, USA), and fractions of 5 ml were eluted. The 
peak 11 eluted from G-100 column (which has the 
fibrinogenolytic activity) was concemrated and dia
lyzed against Tris-HCI buffer at 4°C, then applied 
to a column (2.5 X 150 em) of Scphadex G-50 Super
fine (Pharmacia) and chromatographed under the 
same conditions as described for the G-100 column. 
Purified fibrinogenolytic toxin was dured in the 
fractions of peak I. 

Results 

Macmscopic desaiption of experimental hemorrhage 
evoked by L. intermedia venom m rabbits 

To evaluate the hemorrhagic acuvity of brown 
spider venom, aliquots of L. intermedia venom ( 40 
11g proteins diluted in 100 11 1 phosphate-buffered 
saline since 40 pg represents the avcrage amount o f 
vcnom injected in a bite) were injccted intradermalh· 
into a shaved area of the skin of six New Zealand 
white female rabbits weighing approximately 2-
4 kg. Figure 1 shows the time-dependem evolurion 
of hemorrhage. Ali tested animais cxhibitcd similar 
reactions of experimemalloxoscelism such as edema, 
erythema, hemorrhage and dennonccrosis with grav
itationa! spreading. 

Microscopic studies o f the nature of the hemorrhagic 
activity of L. imennedia venom 
Since the skin of rabbits began to prescnt hcmor
rhage berween 1 and 4 h post-venom injection. in 
order to characterizc the naturc of this pathological 
activity we processed the hemorrhagic region of the 
skin for hisrological analysis after 4 h of venom 
exposurc, when local hemorrhage was cvident but 
without dermonecrosis. figure 2 il!ustrates the 
results obtained by light and transmission electron 
microscopy. Structural and ultrastructural views of 
the venom-treated dermis are shown, with emphasis 
on the regions surrounding the c.apitlaries. In Fig. 
2a, the disruptíve effect of the venom on cndothdial 
cell membranes from a b!ood vessel wall can be 
seen, where edema can also be detected (disorganiza
tion of collagen fibrils). In Fig. 2b,d, one can 
observe the cytotoxicity of the venom on endothelial 
cells as demonstratcd by subendothelial blebs and 
vacuoles or cytoplasmic membrane degeneration. In 
Fig. 2c, the edema is ultrastructurally confinned by 
disorganization of collagen fibrils. In Fig. 2e, an 
extravasculu fibrin network into connective tissue 
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can be detected. A similar fibrin network can be 
detected within rhe blood vessel in Fig. 2f. From 
Fig. 2g,h, one can observe the thrombotic accivity of 
the venom (thrombus inside blood vessels). 

Description of the fibrinogenolytic activity of L. 
intermedia venom 

Based on the fact rhat exposure to the venom can 
effectively trigger fibrin and thrombus formation 
within blood vessels, we postulated that the venom 
may have a direct action on fibrinogen, an important 
molecule involved in this event. Using purified 
human fibrinogen incubated with increasing venom 
concentrations (see 'Materiais and methods' for 
details), we were able to detect a differential 
proteolytic activity on the Aa, Bf3 and y chains. As 
illustrated in Figure 3a,b, the venom degrades Aa 
and Bf3 chains from intact fibrinogen. Interestingly, 
the venom significantly digested ali Aa, Bf3 and y 
fibrinogen chains when fibrinogen was previously 
denatured by boiling (Fig. 3c,d), indicating some 
conformation-dependent resistance to proteolytic 
~~ctivity. Figure 3e illustrates intact fibrinogen 
a.liquots or fibrinogen denatured by boiling, treated 
with the venom and resolved by linear gradient 3-
15% SDS-PAGE under non-reducing conditions. 
Partia! fibrinogenolytic activity on intact fibrinogen 
and a complete cleaving effect on the denatured 
molecule can be seen, supporting the idea of a 
conformation-dependent susceptibility of native fi
brinogen. 

Fibrinogenolytic speafu:z"ty o f L intermedia venom 
To elucidate the degrading activity of the venom on 
fibrinogen, we separatcly incubated the Aa, B{J and 
y chains of fibrinogen (see 'Materiais and methods' 
for details} with the venom. As shown in Figure 4a, 
the venom did hydrolyze ali fibrinogen chains to a 
variety of lower molecular mass fragments that ran 
across thc geL Wc also immunoblotted purified 
hbrinogen before and after venom treatment using a 
polyclonal anribody against the Bf3 chain. As shown 
in Figure 4b, the resulting digestion fragment of the 
Bf3 chain remained after SDS-PAGE under reducing 
conditions, colocalized with the y chain, and there~ 
fore was responsible for the thickening of the y
chain band in the gel. 

Time course of the fihrinogenolytic effer:t of L. 
imermedia ruenom 

Similar studies were performed using intact purified 
fibrinogen as substrate for L. intermedia venom at a 
ratio of 100 pg fibrinogen to 12.5 pg venorn. since 
this was a venom concentration that efficiently 



Hemorrhagic effects of brown spider venom 

Figure 1. Time course of experimental hemorrhage and dermonenosis into the skin of rabbits caused by Loxosceles intermedia venom. 
Rabbits were imradermally injected with 40 p.g crude venom and the time course of skin lesions were evaluated macroscopically. The 
primary biological actions of thc venom a["e edema anda hemorrhagic spot underlying the local of injection, starting between 1 and 2 h 
post-venom exposure. The hemorrhagic effect increase5 to a maximum activity between 2 and } days after venom injection. Between 8 
and 12 h, the hemorrhage wid<.:ns through a gravitational spreading distant from the site of injection. Thls is foliowed by a black calor 
suún (the first sigo of dermonecrosis, and represents the surface of ischemic tissue that becomes black) that colocalizes with the 
hemorrhage between 12 h and 1 day. Over the following days, the black stain lx:comes hardens and originares an eschar between 1 and 2 
days. There is also an el)'thema rurrounding the black eschar between I and 4 days tbat disappears at 5 days of experiments. The black 
eschar remains over thc following wceks or may drop out, exhibiting the lesioned tissue like a non-healing ulcer of deep dermo and 
subcuuneous tissue. The black arrows point to the venom injection site and whlte arrows show gravitational spreading of the lesion. 
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Figure 2. Histopathologic changes of blood vessels and undedying tissues of skin of r:abbits niggered by Loxosceks intermedia venom at 
{Íme 4 n. The figure shows the disruptive effect of the venom in rahbit skin. (a) Light micrograph of a blood vessel and underlying ti!sues 
of the skin of a rabbit m:ated by the venom. Showing the disruptive dfect of the venom toward the blood vesscl wall (arrow) and the 
collagen fibrils disorganizarion effect (arrowheads) (400X). The inset shows normal organization of collagen fibrils from connective tissue 
imo the dermis (open arrows) (400X). (b) Electron microgra.ph of a capillary of the skin from a rahbit trcated by the vcnom, showing 
subendothelial b!ebs (urowheads) evoked by thc venom (6000X). (c) Elcctron micrograph of thc connective tissue of the skin from a 
rabbh treated by the venom, showing the edema activity (large amounts of a fluid in the extracellular companment), evidenced by 
disorganization and the moving away {arrowheads) effect of the venom on collagen fibrils (15000X). The inset depicts normally 
organized collagen fibrils from dermal connective tissue (open arrows) (150QOX). (d) Electron micrograph of a blood vessel of the skin 
from a rabbit treated by the venom, showing the disruptive activity of the venom on the endothelial cell membrane and subendothelial 
basement membrane (arrow). N, Endothelial cell nudei; E, erythrocytes within thc: vessel; L, !umen of tbe vessel (4000X). (e) Light 
micrograph of blood vesscls and connective tis~e of the skin from a rabbit ueated by the venom, showing the activity of the venom on 
blood vessels, increasing their permeability and resulting in the passage of plasma into the connective tissue, cvidenced by fibrin network 
formation (arrowhea.d$). Arwws point to blood vcssels, (400X). (f) Light microgrnph of a blood vessel of the skin from a rabbit treated 
by the venom, showing a fibrin nerwork within the vessel (arrowhc:ads) (tOOX). (g) Ligln micrograph of a blood vessel of the skin from a 
rabbit treated by the venom, showing a thrombus within the vessel (arrowheads) (400X). (h) Elecuon micrograph of a capillary of the 
skin from a rabbit treated by the venom, showing a thrombus within the lurnen of the capillary (arrows). Arrowheads point to platelet 
granules (BOOX). 
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degraded both Aa and Bfj fibrinogen chains (see 
Fig. 3 ), and aliquots of the reaction mixrures were 
collected at different times of incubation. Figure 5 
shows that the Aa chain begins to be hydrolyzed 
between 30 rnin and 1 h after venom exposure, with 
progressive proteolysis with the time, whereas the 
B,B chain begins to be cleaved after 4 h of venom 
treatment. 

Inhibitory effect of divalent chelaton on the 
fibrinogenolytic activiry of the venom 
To obtain more information about the nature o f the 
fibrinogenolytic effect of L intennedia venom, we 
srudied its degrading accion on purified fibrinogen 
in the presence of inhibitors of four major groups of 
proteolytic enzymes (see 'Materiais and methods' 

Hemorrhagic effects of brown spider venom 

for details). As can be seen in Figure 6a, the 
:hbrinogenolytic effect of the venom was blocked 
only by EDTA and 1,1 0-phenanthroline, suggesting 
that the presence of a divalent metal ion is criticai 
for enzyme activity. Ou r next goal was to evaluate 
the activity of 1,10-phenanthroline on the fibrino
genolytic effects of two other different brown spider 
venoms (L. laeta and L. gaucho). As shown in 
Figure 6b, the :hbrinogenolytic activity of all tested 
venoros was decreased compared with that of the 
contrai (absence of inhibitors). 

L. intermedia venom acttvity on the blood clotting 
system 
To further characterize the fibrinogenolytic activity 
of the venom with the blood clottability, samples of 
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Figure 3. Proteolytic effect of Loxosceles intermedi4 venom on purified hurnan fibrinogen. Experiments in which purified hU!IWl 
fibrinogen as lhe intaet molecule (a) and purified human fibrinogen derntmred by boi!íng (c) were incuhated. with increasing 
concemrations of venorn, for 16 h :a 37"C. Lane 1, Fibrinogen a\one as the contrai for experirnenul stability of substrnte; lanes 2-9, 
fibrinogen incubated with 0.006, 0.012, 0.025, 0.05, 0.1, 0.2, 0.4 and 0.8 ~g venom. The fibrinogenolytic activity of the venom was 
derennined after 12.5% sodium dodeçy\ sulfate-polyaçrylarnide gcl electrophoresis (SDS-PAGE) under reducing conditions a.nd 
Coomassie blue staining. Using purified intact fibrinogen (b) and fibrinogen denatured by boiling as already described (d), exce:pted that 
L. intermedia venom concentrations were increased. Lane 1, Fibrinogen alone as contrai; lanes 2-5, fibrinogen exposed to 12.5 g, 25.0 g, 
50.0 g and 100.0 ,ug venom. The materiais were an.alyzed idenrically as already described. The positions of fibrinogen Aa, B{J, and y 
chains are shown. (e) Human fibrinogen (100.0 ,ug) was incubated with the venom (12.5 M;) under the sarne experimental eonditions as 
alceady described., eJ<cept that materiais were processed. in a linear gradiem 3-15% SDS-PAGE under non-reducing coodicions. Lane 1, 
Venom alone; lane 2, fibrinogen alone (contrai for experimental stability); lane 3, rnttive fibrinogen incubated with the venom; lane 4, 
librinogen denatured by boiling. exposed to the venom. 
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human citrated plasma (see 'Materiais and methods' 
for details} were incubated with different concen
trations of venom and some blood coagulation 
parameters determined. Table 1 summarizes the 
hemostatic parameters determined and the results. 

Identification and purification of a fibnnogenolytic 
toxin in the L. intermedia venom 
The fi.brinogenolytic enzyme presented in the L. 
Íntermedid venom was purified from crude venom 
by sequencial gel filtration chromatography, fi.rst by 
using a Sephadex G-100 column followed by an
other Sephadex G-50 column (see 'Materiais and 
methods' for details) as depicted in Figure 7. The 
pooled fractions from peak 11 of G-1 00 chromato
graphy that concentrates the fibrinogenolytic activ
ity were subjected to a G-50 column, which yielded 
a purified protein at 30 kDa with fibrinogenolytic 
activity in peak I. 

Discussion 

Although the clinicai signals of loxoscdism have 
been well documented over the past few years, data 
about the hemorrhagic disorders evoked by brown 

Hemorrhagic ejfects of brown spider venom 
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Figure 4. Characterization of the specificit:y o f t:he proteolytic 
effecu of Loxosceles intem~edid venom on fibrinogen chains. (a) 
Separated fibrinogen chains were excised from a preparati.ve 
polyacrylamide gel under reducing conditions and then were 
treated by the venom, ovemight at 37"C (see 'Mateflals and 
methods' for details). The materiais were elecrrophoresed in 
11.5% sodium dodecyl sulfate-polyacrylamidc gel ele.:trophoresis 
(SDS-PAGE) under reducing conditions and the gel was stained 
by Coomassie b!ue dye. Lane I, Electrophoretic posiúons of the 
major venom proteins; lane 2, fibrinogen alone as contrai for 
experimental stability of substrate; lanes 3 and 4, respectively, 
separ~~.ted Ao. chain pre- and post-venom treatmem; lanes 5 and 6, 
respecti.vely, separnted B,B chain pre- and post-venom treatment; 
la.nes 7 a.nd 8, y cbain pre- a.nd post-venom ueaunent. 'lhe 
positions of fibrinogen Aa, B,8, and y chains are depicted in the 
figure. (b) Aliquots of 100 _ug imact fibrinogen were incubated 
with 12.5 _ug venom overnight at 37"C. The obuined materiais 
were separated by 12.5% SDS-PAGE under reducing condit:ions 
and stained by CoomassÍe blue dye (lanes I and 2) or uansferred 
onto a niuocelulosc membrane that was immunoblotted by using 
a polydonal antibody against B.B chain (la.nes 3 and 4). Lanes 1 
and 4, Fibrinogen alone as connol bcforc venom neaunent; la.nes 
2 and 3, venom-treated fibrinogen. The positions of librinogen 
Ao., B,B, and y chains are depicted in the figure. 
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Figure 5. Time-Jependent acúvity of Loxoscele:; imennedia vc
nom on intact fibrinogen. Samples of imact human fibrinogen 
were incubated with the venom ata ratio of 100 1-'g fibrinogen to 
12.5 {lg venom at J7"C. Venom degradation a-ccivity on fibrinogen 
was acessed following incubaúon for O min (lane 2), 15 min (lane 
3), 30 min (lane 4), I h (lane 5), 2 h (iane fi), 4 h (lane 7), 8 h (lane 
8), 12 h (lane 9) and 24 h (iane 10}. Lane 1 shows conrrol for 
experimental stability, fibrinogen incubatcd for 24 h at 37"C in 
the absence of venom. Degradation of fibrinogen was determined 
by Coomassie blue dye following 12.5% sod.ium dodecyl sulfate
polyacrylamide gel electrophoresis under reducing conditions. 
Tbe positions of li.brinogen Aa, B/3, and y chains are depicted in 
the figure. 

spiders have been limited to earlier reports describ
ing the effects of the vcnom on platelet aggregation 
and disseminated intravascular coagulation [1,14]. 
Thc mode of action of how venom causes hemor
rhagic disorders is obscure. 

In the prescnt investigation, we studied some 
morphological and biochemica\ characteristics of the 
hemorrhagic disorders triggered by L. intermedia 
(brown spider) venom. Inicially, we carried out 
experiments using (six) New Zca\and rabbits (an 
animal model that reproduces the signals of loxosce
lism found in humans) for dennal envcnomation 
using 40 ,ug venom. Macroscopic examination of the 
rabbit sk.in (Fig. 1) showed hemorrhage into the 
dcrmis between 1 and 2 h after venom injection. The 
local hemorrhagic effect (hemorrhagic spot) in
creased with time, reaching maximum activity be
tween 2 and 3 days after venom injection. Between 8 
and 12 h, there was a gravitational spreading of the 
hemorrhage that colocalized with a black stain 
appearing berween 12 h and 1 day. Between 1 and 
2 days, this black stain hardened and formed an 
eschar. The hallmark signal of loxoscelisrn (i.e. the 
dennonecrosis reaction) continued until at least 
25 days post-venom injection. 

On the basis of microscopic examination of 
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Figure 6. Protease inhibitors action on li.brinogenolytic acnvuy 
of Loxosceles intemu!dia venom. (a) lntact purified human 
fibrinogen (aliquots of 100 _ug) were incubated with venom 
(12.5 {lg) ovemight at 37"C in the presence of different protease 
inhibítors. The reaction products were submined to 12.5% 
sodium dodeeyl sulfate-polyacrylamide gd electrophoresis under 
redudng condiúons and stained by Coomassíe blue dye. Lane 1, 
Control for experimental srability (fibrinogen in absence of 
venom); lane 2, electrophoretic positions of che venom rm.ior 
proteins; lane 3, degrading positive eomrol (fibrinogen incubated 
with venom in absence of protease inhibitors); lanes 4-10, 
respeccively, fibrinogen incubated with venom in the pr~sence of 
10 mmol/1 benzamidine, 2 ,uglml aprotinin, 5 mmoVI ethylenedia
mine tetraacetic acid, 5 mmoVl 1,10-phenamhroline, 5 mmol/1 
N-ethyl-maleimide, tO mmoV\ iodoacetamide, and tO ~glml 
pepstatin-A. The positions of fibrinogen chains are depicted (b) 
Oncc we had detected the inhibitory cffect of l,tO-pheruunhroline 
on venom aeúvity, we repeated the same experimcnt as described 
but comparing L mtennedi.t venom with other brown spider 
venoms (Loxoscelesldeta and Loxoscdes gaucho). Lane t, Fibrino
gen alone without venom exposure; lanes 2-4, respectivcly, 
li.brinogen treated by L intennedi.t venom in the absence of 
inhibitor and in the presence of 5 mmolll 1,10-phenanthroline; 
lane 4, electcophoretic position of major venom proteins; lanes 5-
7, respectivdy, fihrinogen treated by L laeta venom in thc 
absem:e of inhibitor and in the presencc of 5 mmol/1 t,tO
phenanthroline; lane 7, electrophoretic mobility of major venom 
proteins; lanes 8-10, respectivdy, fibrinogen treated by L gaucho 
in the absence of inhibitor and in the presence of t,lO-phenan
throline; lane 10, electrophoretic profile of major venom proteins. 
The positions of fibrinogen chains are ind(eated. 



Table L Loxosceles intermedia venom effects on blood coagula
tÍon parameters in vitro 

Venom 
concemrauon 
(.ug/ml) PT(s) !\.PTT (s) TI (s) 

o 13.0 ± 1.0 33.0 ± 1.0 18.0 ± 2.0 
100 35.0 ± 3.0 I IJ.O ± 3.0 25.0 ± 2.0 
200 46.0 ± 6.0 174.0±3.0 34.0 ± 3.0 

Data are prcsented as mean ± standard dcviation for thrce 
individual experiments. PT, Prothrombin time; AP1T, activated 
panial thromboplascin time; rr, thrombin time. 

histochemically processcd skin scctions (Fig. 2) 
obtaincd 4 h post-venom trcatment (when hemor
rhage but not dermonecrosis was present), we may 
propose some mechanisms by which the venom 
induces hcmorrhage. The venom had an effcct on 
the membrane of endorhelial cc!ls from the blood 
vessel wall, as well as a disruptive activity on the 
subendothelial basement membranc, a structure of 
extreme importancc for vesse\ stability. This finding 
agrees with our preliminary results showing the 
action of the venom on the Engelbert-Holm
Swarm mouse sarcoma basement membrane and on 
molecules purified from this structure such as 
entactin and heparan sulphacc proteoglycan [8]. 
Literature reports have described similar results for 
severa! snake venom proteases such as hemorrhagins 
isolated from Trimerisurus flavondis venom (27], 
proteinase IV from Crotalus horridus [28] and the 
reprolysins from Crotalus atrox [16]. 

Considering these results as a whole, we may 
propose that the venom had a direct damaging 
action on the structure of blood vessel endothelial 
ce!ls, and induced degeneration by causing vascular 
permeability and hemorrhage per rhexis into the 
underlying area. Based on figure 2, we may also 
conclude that, 4 h after injection, the venom trig
gered fibrin deposition and thrombus formation 
within blood vessels, possibly leading to ischemic 
lesions that would increase blood vessel damage, 
causing vascular permeability and hemorrhage per 
rhexis. 

The proposed fibrinogenolytic activity of the 
venom is supported by the data in Figures 3 - Fig. 4 
Fig. 5. lhe venom partially cleaved the Aa and B,B 
chains of native fibrinogen. This fibrinogenolytic 
activity was more marked when fibrinogen was 
denatured by boiling, supporting some conforma
tional resistance of substrate-related venom en
zymes. Using intact fibrinogen as substrate, we may 
consider the fibrinogenolytic activity of this venom 
to involve a - and {3 -chain fibrinogenases. 

Hemorrhagic effects of brown spider verwm 

The Aa chain appeared to be more susceptible to 
venom proteolysis than the B/3 chain, since it 
suffered degradation when incubated with a lower 
venom concentration and in a more rapid manner 
than the B,B chain, but there was no specificity for 
the Aa or Bfi chain, since both chains were degraded 
with time. The fibrinogenolytic activity of L. inter
media venom was direct and did not depend on 
other blood components since the results described 
represem the treatment of purified human fibrino~ 

gen with vcnom alone. We cannot rule out the 
possibility that the thrombogenic activity evidenced 
in this experimental model of loxoscelism was a 
consequence of the partia! fibrinogenolytic effect of 
the venom. But, since direct plasma incubation with 
the venom, even when using 500 !lg/ml (which is 
five times higher than the highest venom concentra
tion used in this experimental animal protocol ar 
usually injected during an accident) did not induce 
plasma coagulation as dane by thrombin, for exam
ple (data not shown), we may propose that the 
thrombogenic activity triggered by the venom was 
the consequence of one of the following mechan
isms. First, endothelial cytotoxicity directly evoked 
by the venom (Fig. 2), exposing the vessel wall 
subendothelial structures such as basement mem
brane and connective extracellular matrix molecules, 
which attract blood cells, as evidenced for other 
toxin venom and models [29,30] or, second, platelet 
aggregation evoked by the venom, with the release 
of vasoactive molecules, thrombin deposition and, 
consequently, thrombogenesis (31], as also demon
strated for severa! other venom examples [29,32]. 

The fibrinogenolytic effect of brown spider ve
noms appears to be dependent on a metalloprotease 
activity, since fibrinogen-venom proteolysis was 
blocked only by EDTA and 1,10-phenanrhroline, 
two divalent metal chelators (Fig. 6). Based on the 
results indicating that the proteolytic effects of three 
different brown spider venoms (L intermedia, L. 
gaucho and L Luta) are closely similar (Fig. 6B), we 
may suggest that this proteolysis is a conservative 
event for different Laxo:.celes species, indicating 
some biological function of this effect related to the 
life cycle and the envenomation of brown spiders. 
Many metalloproteases that cause local or systemic 
hemorrhage in experimental animais have heen iso
lated from snake venoms (for details, see [16,32,33]), 
but our preliminary results [6-8] and the present 
data are the first to indicate the presence of this kind 
of proteolytic toxins in brown spider venoms. On 
the basis of the aforementioned results and those 
described in Table 1, we may suggest that the 
metalloprotease-dependent fibrinogenolytic activity 
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Figure 7. Chromatograms and sodium dodecyl sulfate-polvacrylamide gel dectrophoresis showing the purification of fibrinogenolytic 
en..:yme from crude venom of Loxo>cefes mtnmed~a_ (a) Chromawgram of elution of ]0 mg venom using a Scphadex G-100 column. The 
column eff!uent was monitored for thc prescnce of prmein by absorbancc at 280 nm and for fibrinogenolytic activity. Horizontal bar 
indicares pools that concemrate fibrinogenolytic acúvity, used for funher purification in Sephadex G"SO Superfine. (b) Chromatogram 
showing the elution of the pooled fractions from peak H of the Sephadex G-100, separated on a Sepbadex G-50 column. The eluted peak 
l concemrates purified fibrinogenolyric wx.m. (c) Polyacrylamide electrophoresis under non-reducing conditions stained with Coomassie 
Blue. Lanes 1-4, respectively, fibrinogen alone (wntrol for experimental stability of substrate), fibrinogen incubated with crude venom, 
fibrinogen Íncubated with pooled fuctions llÍ peak li of the G-100 column, and fibrinogen incubated with pooled fractÍons of the peak I 
of the G-50 column. Arrow, lmact moleculc of fibrinogcn; arrowhead, cleaved fibrinogen and asterisc depicts purified fibrinogeno\ytic 
toxln at 30 kDa. Molecular mass protein standard positions are shown on rhe leh. 

of the venom is able to delay or inhibit plasmatic 
coagulation, increasing hemorrhagic disturbances 
during loxoscelism. 

With regard to the potency of the metallopro
tease-hemorrhagic toxin from brown spiders (Fig. 
7), we have not yet established the minimum 
hemorrhage dose. However, if we compare snake 
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accidents in which 100-150 mg total proteins are 
injected at the bite site with brown spider enveno
mations, in which only a few micrograms of total 
proteins are injected at the bite site, we may assume 
this molecule as very efficient and potent. Thus, 
based on the presented data, we may assume that 
the venom-induced fibrinogenolytic action (depen-
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dent of a 30 kDa meta!loprotcase), plus the venom 
effects on platelet aggregation, vessel wall endothe
lial cell cytotoxicity and basemem membrane dis
ruption, are determinant events related to the 
hemorrhagic disorders caused during !oxoscelism. 
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Extracellular matrix molecules as 
targets for brown spider venom toxins 

Abstract 

Departamentos de 'Biologia Celular, and 2Fisiologia, 
Universidade Federal do Paraná, Curitiba, PR, Brasil 

Loxoscelism. the term used to describ..; lesions and clinicai manifesta
tions induced by brown spider's veuom (Loxosce/es genus), has 
attracted much attention me r the last years. Brown spider bites have 
been reported to cause a local and acute inflammatory reaction that 
may evolve to dermonecrosis (a hallmark of envenomation) and 
hemorrhage at the bitc site. besides systemic manifestations such as 
thrombocytopenia, disseminated intravascular coagulation, hemoly
sis, and renal failure. The molecular mechanisms by which Loxosceles 
venoms induce injury are currently under investigation. In this review, 
we focused on the latest reports describing the biological and physio
pathological aspects of loxoscelism, with reference mainly to the 
proteases recently described as meta!loproteases and serine prateases, 
as well a~ on tbe proteolytic effects triggered by L. inrennedia venom 
upon extracellular matrix constituents sucb as fibronectin, fibrinogen, 
entactin and heparan sulfate proteoglycan, besides the disruptive 
activity of the venom on Engelbreth-Holm-Swann basement mem
branes. Degradation of these extracellular matrix molecules and the 
observed disruption of basement membranes could be related to 
deleterious activities ofthe venom such as loss o f v esse! and glomeru
lar integrity and spreading of the venom toxins to underlying tissues. 

Key words 
• Brown spider 
• Venom 
• Extracellular matrix 
• Proteolytic effect 

lntroduction 

Brown spiders (Loxosceles genus) have 

been reported to cause several clinicai mani
festations. Envenomation provokes two ma
jor kind'i o f signals, i. e., locallesiom; at the 
bite si te characterized by edema followed by 

vasodilatation, blood vessel degeneration, 
local hemorrhage and a significant cutane
ous tissue injury with gravitational spread

ing, that can exacerbate to necrotic skin ul
cers and degeneration (1-4), and systemic 

effects that begin as a malaise and can be
come generalized, with hemolysis, thrombo

cytopenia, disseminated intravascular coagu
lation and renal failure. These clinicai signs 

and toxicological effects appear to be phe
nomena similar for severa! Loxosceles spe

cies including the more studied L. reclusa, L. 

laeta, L. intermedia and L. gaucho species 
(4-8). 

Brown spider venoms are highly com

plex and contain many different proteins (9~ 
li). The exact mechanisms by which the 

Braz J Med Biol Re5 .34{7) 2001 



Braz) Med Biol Res 3417) 2001 

venoms cause their deleterious effects are 
currently under investigation, with putative 
ex:planations involving an indirect event, as 
is the case for endothelial cell-dependent 
neutrophil activation caused by the venoms 
and seemingly related to the derrnonecrotic 
lesion (4, 12-14). The presence of a sphingo
myelinase D-like enzyme (32-35 kDa) prob
ably associated with necrotic, hemolytic 
and thrombocytopenic activities triggered by 
the vcnoms h as also been identified in differ
ent Loxosceles species (3,4,6,1 O, 15, 16). 
Other enzymes such as a hyaluronidase have 
been postulated to be a spreading factor 
during the lesions ( 4, 17), and protease ac
tivities also appear to have some participa
tion in the noxious effects of the venoms 
(11,18-21). Adult plasma components ap
pear to be required for the deleterious effects 
of the venoms, since a purified putative der
monecrotic toxin di!uted in neonate plasma 
or synthetic buffer did not induce platelet 
activation. an event that may be responsible 
for thrombosis, tissue ischemia and dermone
crosis (8). Indirectly, venoms also seem to 
cause injury by binding to cell membranes 
and activating the complement system of 
plasma (8,22,23) (see Table 1). 

The key observations that some physi-

Table 1. Brow11 spider ve11om properties. 

S.S. Veiga et ai. 

ological events closely dependent on the 
basement membrane and on connective or 
plasma extracellular matrix constituents are 
altered during loxoscelism, as is the case for 
platelet subendothelial adhesion and aggre
gation, hemostatic troubles such as dissemi
nated intravascular coagulation, hemorrhage 
into the dermis, renal failure and even cuta
neous tissue injury, point to the presence of 
molecules potentially deleterious to these 
structures in the venoms. 

This review focuses on the specific de
grading effects triggered by Loxosceles ven
oms in extracellular matrix molecules and 
the biological consequences of these hydro
lytic activities related to the clinicai signs 
induced by Joxoscelism. 

Presence of gelatinolytic enzymes in 
L. intermedia venom 

Severa! ex:tracellular matrix molecules 
have been described as targets for degrada
tion evoked by proreases present in snake 
venoms, which cause hemorrhage, necrosis 
and edema (24-28). Soluble plasma fibrino
gen is the major substrate in this family, but 
it is not the only one since snake venom 
actions on laminin, entactin, fibronectin and 

Venom effects Molecules involved References 

Dermonecrotic lesio11 
lntravascular hemoJys1s 
Platelet aggregation and thrombocytope11ia 
Gravitational spreading 
Fibri11ogenolytic activity 
Fibronectlnolytic activity 
Gelatino!ytic actívity 
Entacnnolytic activ1ty 
Basement membrane-degradíng effect 
Complement system activation 
Hepara11 sulfate proteoglycan hydrolysis 

32 kDa++, 35 kDa+. +++ 
32 kDa++, 35 kDa+ 
32 kDa++. 35 kDa+ 
33 kDa++, 63 kDa++ 
20-28 kDa+ 
2Q-28 kDa+ 
32-35 kDa+, 85 kDa+. 95 kDa+ 
Unknow11+ 
Unknown+ 
32 kDa++, 35 kDa+ 
Unknown+ 

3,4,8,10, 16,22 
4,6,16,22 
4,8,15 
4,17 
19 
19 
11,19,20 
21.57 
21,57 
4,16,22.23 
21 

Dermonecrotic lesion. intravascular hemolysis. platelet aggregation and complement system activation are 
events dependent on the similar brown spider toxins of 32-35 kDa devoid of proteoJytic activities. 
The 32-35-kDa molecule with gelatinolytic activity is a metalloprotease. 
ResuJts obtained by using Loxosceles intermedia venom 1+1, L. reclusa venom (++). a11d L gaucho venom 
I+++) 



~rown ;ptdcr venom and extracellulor matnx molecules 

gelatin have been described (24,29). With 
respect to spider venoms and despite some 
similarities to snake venoms in their activi
ties, little is known about the presence of 
venom proteases that degrade extracellular 
matrix molecules. Studying L. intermedia 
venom (the prevalent brown spider in south
em Brazil) we were able to detecta 32-35-
kDa metalioprotease with gelatinolytic ac
tivity. The 35-kDa protease form seems to be 
a latent pro-enzyme molecule that under
goes cleavage, originating the 32-kDa fonn 
(19). The 32-35-k.Daproteases are high-m<m
nose glycoproteins (20). We also detected 
Lymogen molecules of proteolytic enzymes 
in the venom since trypsin activated two 
gelatinolytic serine proteases of 85 and 95 
k.Da in the venom. Other proteins such as 
casein. albumin, hemoglobin and laminin 
did not suffer any kind of cleavage. The 
speciflcity o f action o f these proteases should 
be related to spider self-protection. For ex
ample, the venom gland of L intermedia is 
extremely rich in laminin. which ~eparates 
muscle tissue (invo!ved in venom secretion) 
from epithelial cells (involved in venom syn
thesis) (30), and the venom seems to have no 
lamininolytic activity ( 19,21 ). The natural 
substrate of the 32-35-kDa protease is un
known (since gelatin is denatured collagen 
and the venom does not display any activity 
on fuli length collagen), but. based on gelati
nolytic activity. we may a~sume that this 
protease has properties like vertebrate gelat
inases that appear to cleave connective com
ponents (31) and we may propose that this 
brown spider enzyme is functionaliy related 
to the deleterious effects of the venom. Na
tive col\agen can suffer an initial effect of 
collagenase from polymorphonuclear neu
trophil leukocytes (which, as described 
above, are concentrated at the bite site and 
around it and seem to play a role in dennone
crosis), partially denaturating this molecule, 
which then can be sequemially degraded by 
these gelatinase-like venom proteases (see 
Table 1). 

Effect of Loxosceles venom proteases 
on plasma extracellular matrix 
molecules 

Brown spider envenomation, although 
causing classical skin degeneration, is also 
responsible for disorders of hemostasis such 
as hemorrhage into the dermis and dissemi
nated intravascular coagulation. The hemor
rhage mechanism has not been fully estab
lished at the molecular levei. Plasma extra
cel!ular matrix molecules are multifunctional 
proteins involved in blood coagulation on 
the basis of their ability to bind heparin, as is 
the case tür fibronectin and vitronectin (32-
34), to interact with plasminogen, plasmino
gen activator inhibitors and the throt?-bin
antithrombin III complex, as is the case for 
vitronectin (33,35,36), and to promote plate
let adhesion and aggregation. as is the case 
for tibrinogen, fibronectin, von Willebrand 
factor and thrombospondin (25,28,37-39). 
They also mediate fibrin fonnation as fl
brinogen (38,39). L. intermedia venom de
grades both the A and B chains of fibronec
tin (Figure I) into a variety of smaller frag
ments ( 19,20), and partially digests fibrino
gen (Figure I) ( 19,20), but, interestingly, has 
no proteolytic activity on soluble vitronectin 
(see Figure 1 ). This flbrinogenolytic effect is 
closely similar to that of other brown spider 
vcnoms (L. gaucho and L. laeta) (Zanetti 
VC, unpublished results). The fibronectino
lytic and fibrinogenolytic activities of L. in
termedia venom are produced by a metallo
protease of 20-28 kDa (19). Based on the 
biological activities of brown spider ven
oms, we may posmlate a relationship of this 
fibronectinolytic effect of the venom with 
hemorrhage and difticulties in wound heal
ing. The hemorrhage into the derrnis at the 
bite site. vasodilatation and injury to blood 
vessel walls could be associated with defec
tive t1bronectin surrounding the endothelial 
cells of capillaries. The hemorrhage could 
also be related to imperfect platelet adhesion 
and aggregation, since fibronectin partici-
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1-1 1+1 

A 

Type I 
collagen 
H 1+1 

B 

pates in platelet attachment and aggregation 
and the proteolytic effect of the venom may 
disturb this event. Finally, the defective 
wound healing observed in some cases of 
envenomation may also be ascribed to the 
fibronectinolytic activity ofthe venom, since 
fibronectin~integrin interactions participate 
in an essential manner in this phenomenon 
(32}. An identical hypothesis could be raised 
for the fibrinogenolytic ability ofbrown spi
der venom, since it has been well defined 
that severa! snake venom proteases with hem
orrhagic activities readily degrade fibrino
gen-fibrin into nonclotting: fragments 

Type IV 
collsgen 

f1brmogen F1bronect1n \liuC11ec11n Lamin1n/ 

1-1 1+1 

E 

F1gure 1 Proteolyt1c effect of Loxosceles mtermedia venom on pur1f1ed extracellular mawx 
molecules* EHS-Iam1n1n IAI. rat ta1l tendon type I collagen IBL human placenta! type IV 
collagen (C), human fibnnogen I DI, human f1bronectm lEI, human vitronectln (FI and EHS
Iamlnin/entac~~n dimer (G) were incubated w1th venom 1+1 or in the absence of venom. as 
contrais for expenmental stabil1ty 1-1 under the conditions described 1n References 19, 20, 
21 and 57 The products obtained were ar1alvzed by SDS-PAGE under reducing condltiOns 
(except for flbrinogen that was analyzed under nonreducmg conditions). In pane! A the open 
arrow indicares the lam1nm a 1 chain and the f1lled arrow mdicates the ~ 1 and Y1 lam1nin 

cha1ns that co-m1grate. In pansl B the op en arrow 1nd1cates the type I collagen ~ d1mers. the 
f,lled arrow dep1cts 0'1 type I collager1 cham and lhe tilled arrowhead 1nd1cates the a2 type I 
collagen cha1n In pane/ C the asterisks represem the major components of trypsin-extract
ed humar1 placenta) type IV collagens o f 100. 160 and 170 kDa. In pane! O the open arrow 
points to an 1ntact fiiJrlnogen molecule snd the tilled arrow 1nd1cates the fibrir~ogen frag
ment In pane! E the open arrow shows the co-migratory f1bronect1n A and 8 chains, and 
asterisks 1ndicate f1bronect1n fragments_ In pane/ F the open arrow po1nts to the 75-kDa 
vitronectin molecule and the filled arrow points to the 65-kDa normally processed vltronec
tin fragment. In pane/ G the oper1 arrow 1r1d1cates the lammin O'J cha1n. the filled arrow 
ind1cates the 1),1 and r1 lam1nin chains that co-m1grate, the open arrowhead 1ndicates intact 
entac\ln, the filled arrowhead indicates the 1 00-kDa entactin fragment, and the astensk 
shows the 50-kDa entactin fragment. 'Based on results from References 19, 20.21 and 57 
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(26,27.40). Disseminated intravascular co
agulation is a clinicai feature detected in a 
few cases of brown spider envenomation. 
Venoms from various snakes that partially 
degrade fibrinogen provoke disseminated 
intravascular coagulation by fibrin forma
tion (25,28). As previously postulated by 
Bascur et ai. (7) and corroborated by Feitosa 
et aL ( 19) and Veiga et ai. (20), on the basis 
of partia! fibrinogenolytic activity triggered 
by brown spider venoms, we may speculate 
that this ability is involved in dissenrinated 
intravascular coagulation, a complication 
that, together with other hematologic distur
bances, has been responsible for most of the 
deaths due to loxoscelism. 

Fibrinogen is a large glycoprotein (340 
kDa) formed by dimeric linking of three 
distinct chains, Aa, B/3 and y, linked by 
disulfide bridges. As described above, fi
brinogen Aa chains are degraded by the 
venoms. lt is interesting to observe that the a 
chains of fibrinogen have two RGD se
quences, a peptide well defined as a major 
binding si te for severa! integrins ( 41 ). The 
cleaving of fibrinogen RGD sequences by 
the venoms could reduce the interaction of 
integrin a 11h J3 3 on the platelet surface with 
fibrinogen, resulting in the loss of platelet 
adhesion and functional aggregation and 
contributing to the hemorrhagic effect of the 
venom. We may suggest this proteolysis as a 
conservative event for Loxosceles species, 
indicating some biological function related 
to the li f e cycle and envenomation o f brown 
spiders {see Table 1). 

Action of brown spider venom on 
basement membrane constituents 

The basement membranes are ubiquitous 
specialized fonns of extracel!ular matrices 
produced by severa} cell types such as endo
thelial, epithelial, fat, muscle and nervous 
cells. Molecularly they are characterized by 
the presence of a considerable variety of 
biochemicall y complex components arranged 
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as a network and fonned by a particular set 
o f proteins sue h as laminin, entactin. type IV 
collagen and heparan sulfate proteoglycan. 
Despi te their tissue specificity ( different iso
fonns), these components are present on 
practically ali tissue basement membrane 
structures. In mammals, basement mem~ 
branes play several essential roles in angio
genesis, cell differentiation, platelet adhe
sion, neuritogenesis, and blood-urine filtra
tion through the kidney glomeruli, among 
severa! other functions (42-46). The effects 
of venom toxins on basement membranes 
have been well established for some snake 
venom hemorrhagic proteases that produce 
proteolytic degradation of basement mem
brane constituents isolated from Engelbreth
Holm-Swarm (EHS) tumor (29,40), as well 
as degradation of purified glomerular base
ment membrane (47). The pathogenic prop
erties of Loxusceles venoms, such as dermo
necrotic action. thrombocytopenic activity. 
local hemorrhage and renal disorders. are 
events attributable to the presence of pro
teolytic enzymes that degrade basement mem
brane mo\ecules. By using the EHS tumor, a 
transplantable model which produces achar
acteristic and thick basement membrane as 
its capsule ( 48), we detected a disrupti v e 
activity of L. illfermedia venom toward base
ment membrane structures. The venom ap
parently has no activity on larninin or type 
IV collagen (see Figure I), the major macro
molecules of these structures, but has the 
ability to hydrolyzeentactin ( 19,21). a dumb
be!l-shaped molecule that links laminin, type 
IV collagen and heparan sulfate proteogly
can in the basement membrane organizaüon 
(42,43). The hydrolytic activity of L inter
media venom on entactin resulted in frag
ments of approximately 100 and 50 k.Da 
when entactin was complexed to laminin 
and lower fragments that ruo out the gel 
when purified entactin was assayed (21). 
Similar results conceming this differential 
entactin susceptibility to the venom have 
been reported for other venoms sue h as snake 

venom toxins (29,40). This difference in 
cleavage profile for purified entactin and for 
the laminin-entactin complex treated with L 
intermedia venom can be explained by the 
fact that laminin interacting with entactin 
can hide domains of entactin more suscep
tible to the degrading action o f the venom. as 
previously described for the entactinolytic 
effect evoked by atrolysins, metalloproteases 
from Crotalus atrox snak.e venom (40). 

Another essential family of molecules 
involved in basement membrane assembly 
and biological activities are the proteogly
cans, complex molecules formed by a pro
tein core to which one or more glycosami
noglycan chains are linked (49,50). They 
have been involved in severa! biological ef
fects such as extracellular matrix organiza
tion (42,43), they are extracellular matrix 
cell surface receptors (51-53), play a role in 
cell-cell recognition (54), contrai cell growth 
and proliferation (50,55), participare in blood 
v esse! stability andhemostasis ( 49), and have 
several other functions (49-51). L. interme
dia venom degrades the protein core of puri
fied heparan sulfate proteoglycan, but has no 
activity on heparan sulfate polysaccharide 
chains (21 ). On the other hand, the venom 
degrades chondroitin sulfate polysaccharide 
chains (Nader HB and Dietrich CB, personal 
communication). An established endotheiial 
cell line from rabbit aorta (56) submitted to 
the presence of L intennedia venom in
creases the liberation o f heparan sulfa te pro
teoglycan and sulfated proteins from its ex
trace!lular matrix and cell surface into the 
culture medium (Nader HB and Dietrich CB, 
personal communication). Based on the fact 
that L intennedia venom degrades entactín. 
heparan sulfate protein core, and chondroitin 
sulfate polysaccharide chains, and releases 
laminin from basement membranes and that 
these molecules are extremely importam for 
the structural and functional properties of 
basement membranes, we may speculate that 
these effects of the venom are plausible 
mechanisms for several deleterious conse-

"' 
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quences of envenomation (see Table l). 

Concluding remarks and future 
expectations 

The molecular mechanisms by which the 
brown spider venoms cause dennonecrotic 
injury, local and systemic hemorrhage, throm
bocytopenia. hemo!ysis, disseminated intra
vascular coagulation and renal failure are 
currently under investigation, but since the 
venom is composed of a mixture of severa! 
proteins, these mechanisms seem to be mo
lecularly complex and may be dependent on 
many different toxins. 

In the present revicw, based on previous 
resuits obtained by our group ( 11.19-21,57), 
we introduce the idea of venom toxins acting 
as proteases upon molecular constituents of 
plasma extrace!lular matrix such as fibro
nectin and fibrinogen and basement mem
brane constituents such as entactin and hep
aran sulfate proteoglycan. Based on these 
degrading activities on plasma constituent<> 
and the disruptive effect on basement mem
brane structures triggered by venoms, we 
may speculate that these activities are plau
sible mechanisms for hemorrhage. delayed 
wound healing and renal failure andare a\so 
related to the spreading of other noxious 
toxins (for examplc, dennonecrotic protein). 
sincc disruption of the subendothelial base
ment membrane evokes b\ood vessel wall 
instability and increased penneability. 

h is clear that more work is needed to 
elucidate the structure and function of these 
vennm metalloproteases and to fully under
stand huw they interfere with clinicai signs 
of loxoscelism. However, it is interesting 
that ali detected proteolytic activities and 
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especially the disruptive effect of L. inter
media venom on EHS-basement membranes 
can be inhibited by l, 10-phenanthroline, a 
meta!loprotease inhibitor. 

On the other hand. based on biodiversíty, 
venom toxins are excellent tools for investi
gating molecular mechanisms in the cell bi
ology tield, as well as for phannaceutical 
applications of newly discovered medicines. 
In this area, venom toxins could be used as 
starting materiais to design new drugs or 
directly for therapeutic use as is the case for 
ancrod, a defibrinogenating enzyme from 
Callocelasma rhodostoma venom, and ba
troxobin, a defibrinogenating enzyme from 
Bothrops atrox venom. toxins that have been 
used as defibrinogenating agents for a num
ber a·f clinicai conditions such as deep vein 
thrombosis. myocardial infarction, pulmo
nary embolus. acute ischemic stroke, angina 
pectoris. central retina! veio occlusion and 
renal transplant rejeclion (27 ,58-60). With 
respect to the phannaceutical applications of 
brown spider venom toxins, at least one 
possibility can emerge from our results. The 
fibrinogenolytic-fibrinolytic properties of 
venoms directly indicate that this toxin could 
be useful for clinicai applications in cardiac 
and thrombotic diseases based on reduced 
blood t1uidity. Other possibiliries can di
rectly ar indirectly arise from brown spider 
venom toxins (for example, as a tool in cell 
biology procedures to study the inflamma
tory response). A molecular understanding 
ofloxoscelism may greatly enhance ourthera
peutic approach to this envenoming prob
lem, as well as generate potential toxins as 
tools for scientific protocols and medicinal 
applications. 
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Abstract 

Loxoscelism or the envenoming by lhe brown spiders (Loxosceles genus spiders), may produce extensive dermonecrosis and 
hemorrhage at the bite site and, eventually, systemic reactions that may be !ethal. Isolation and identification of many Jifferent 
bacteria, among them Clostridium perji·ingens, of great medicai importance due to its involvement in dennonecrolizing and 
systemic conditions, was carried out from the venomous apparatus (fangs and venom) of spiders obtained directly from nature, 
through microbiological cultures in aerobic and anaerobic conditions. Working with Loxosceles intennedia venom (alone) and 
with the venom conjugated with Clostridiwn peifringens using rabbits as experimental models for dermonecrosis, allowed for 
the observation that venom and anaerobic bacteria conjugated resulted in a striking increase o f the dermonecrotic picture when 
compareci to venom alone. suggesting a role for Clostridium peifringens in the severe dermonecrotic picture of these patients 
and opening the possibility for the association of antibiotic therapy in treating loxoscelism. © 2002 Published by Elsevier 
Science Ltd. 

Kenrords: Loxosce/es imermedia; C/mmdium perfnngens; Dermonecrosis 

L Introduction 

The accidcms with ~pider~ from the genus Loxosce!es 
represt:nt a public health problem in Brazil ~ince they 
were fim recognized (Rosenfeld et aL 1957: Cardoso et 
ai.. 1990). The accidents caused by Loxosceies spp spiders 
are characterized by a dermonecrotic lesion at the site of the 
opider'o; bite. This characteristic skin lesion begins with an 
ncute inflammatory renction charncterized by edema, 
followed by intlammatory cell accumulation. hemorrhage 
into the dcrmis and an impre,~ive Ie~ion of cutaneous 
tis~ue,_ with formation o f a black scar 1 Forrester e! ai., 
I97R: Ree~ et aL. !984: Futrell. 1992). 

The pure venom i~ a transparent liquid enriched in 
proteins with low molecular mas<; in the range of 5-

Com:,pomiing aulhor. Fu~: +55-41-2fifi-20--12_ 

t-11/(IJ/ m/lirns: cris(!Jlbio ut'pr.br (CLB. :vlomeirol 

40 kDa (Veiga et ai., 2000). A number of purified toxins 
of Loxosceles spiders have been identified as sphingomye
linase D, hyaluronidase and metalloproteases (futrell, 1992; 
Wright et ai., 1973; Feitosa et ai., 1998). 

The bacterial Clostridium are wide!y distributed in nature 
(soil, water, dust, planL~ and human and animal feces) andas 
spores they may remain viable for long periods oftime. For 
this reason the environment is undoubtedly highly contami
nated with spores of these bacteria (Murray and Citron, 
1991: Murray et ai., 2000). 

The onset of anaerobic infection is favored by evems like 
presence of tissue necrosis, local suppuration. ischemia 
among others, ali of them favoring the spread of local oxi
reduction potentiaLThe disease has a great virulence poten
tial for this bacterium is highly histotoxic. and may cau~e 
ex:tensive dermonecrotic skin lesions. musde necrosis, 
shock, renal failure and death (Middlebrook and Dorlaml. 
1984). At the microscopic levei. Oram positive roús can be 

00--11-11101/U2/$. '~c t'ront mntl~r 'Ü 2002 Puhli,hed by Elscvicr Science Ltd. 
Plt: SOil-11 -IJ I O I ill I )00~09---1 
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seen in huge amounts in the tissues. fmmediate treatment is 
essential for severe infections and require surgica! excision 
of thc wound and high doses of the antibiotic penicillin 
(Hmheway, 1990; Murray and Citron, 1991; Murray et ai., 
2000). 

In this study the anaerobic bacterium Clostrídium peifrin
gens was isolated from the venom and the fangs of the 
brown spider Loxosce/es intennedia. Albine Neo-Zealand 
adult rabbits were used for experimental dennonecrosis 
and the results revealed that the extension and severity of 
dennonecrotic picture was importantly augmented when the 
spider venom was conjugated with the bacterium Clostri
dium pe!fringens. Once the reasons why some loxoscelism 
victims present a smal! dermonecrotíc picture while others 
present very important lesions are Mil! unknown, the results 
obtained in this experiment suggest these bacteria might be 
involved in the most severe dermonecrotic pictures ofloxos
celism indicating the possibility of antibiotics as an asso
ciated therapy in these cases. 

2. l\1ateríals and methods 

2.1. Reagents 

The following materiais were employed: !O ~J..i bacterio
logic loop (Kohle loop), anaerobic jar (Oxoid, Hampshire, 
England). gas mixture (nitrogen: 80-85%; 5-l 0% o f carbo
nic gas end 5-10% hydrogen), vacuum bombing, Palladium 
catalyzer. anaerobic indicator strips. culture media for 
recovery and identification of presumptíve anaerobic 
bacteria: brain heart infusion supplemented agar (Merck, 
Darmstadt, Gennany); phenylethyl alcohol agar; bacter
oides bile esculine agar (Sigma, St. Louis, USA); thio
glycolate supplemented with vitamin K and hemin (Difco 
laboratories. Detroit. USA); egg yolk agar. culture media 
for recovery of facultative anaerobic bacteria: blood agar; 
Mac Conkey (Sanofi Diagnostics Pasteur. Marnes, La
Coquette. France). light microscopic. oi! immersion and 
stereomicroscope. 

2.2. E/ecrrostimu!ated spider venom exrraction 

Adu!t L inrennedia were collected in lhe city ofCuritiba 
and in its surroundings fParana, Brazil). The venom was 

Table I 

extracted from the fangs of spiders by electrostimulation 
(15 V) applied to the cephalothorax and collected with a 
micropipette, dried under vacuum, and frozen at - 85°C 
until use (Barbaro et ai., 1994; Feitosa et aL, 1998). 

2.3. Spider fangs, glands venom and e!ectrostimulated 
venom extraction for microbiologica{ assays 

Adult L intennedia, collected as described above were 
anesthetized with chlorofonn (Merck. Rio de Janeiro) and 
under aseptic conditions the fangs, venom glands and elec
trostimulated venom were removed for microbiology 
studies. Electrostimulated venom and fangs were collectecl 
from 160 spiders and for the extraction of the venom glands 
were used in this experiment50 spiders. 

2.4. Microbiologicallaboratory identification 

The methods employed for isolation and identification of 
aerobic, facultative, anaerobic and microaerophilic bacteria 
were based on studies performed by Allen and Baron, 1991; 
Koneman et ai., !992. The culture media for research of 
anaefobic organisms were supplementcd with hemine 
(5 IJ..g/ml) and menadione (10 ~J,g/ml for hard media and 
0.1 f.l.g/ml for liquid media). Before inoculation. test tubes 
containing thioglycolate medium were boiled with half 
loose cap for 10 min in a water bath and then rapidly cooled 
in an ice bath, and tight!y closing the cap. This procedure 
ensures the partia! elimination of oxygen from the environ
ment. The test tubes containing 2.5 ml of thioglyculate 
supplemented medium were inocu!ated with either electro
stimulated venom samples, fangs or venom glands from L 
intermedia and incubated in anaerobic jars at 37°C. The 
second step of lhe experiment, the study of dermonecrotic 
lesions, the material collected under aseptic conditions with 
syringe, from rabbit skin inoculation sites was transferred to 
a transport and culture medium. Anaerobic, aerobic and 
facultative bacteria were identified according to the Mkro
biology Manual from the American Association of Micro
biology (Allen and Baron, 1991). 

2.5. In vivo studies: dennonecrosis lesio11.r in rabbi1s 

For reproduction and comparison of dermonecrotic 
lesions electrostimulated L intermedia venom (alone) and 

loolmio~ of ~erobtc, fncultative and anaerobic bncteria fi'om some body compartments of Loxoscdes imen11edia (as the data indio:ate, the 
bacterium Clo.midiwll pe1t'ri"8en< wa~ ;,olated from 25% ofthe fangs and from 6,25% ofthe venom studied while no bacterium was pre>ent in 
the L intl'rmedia gland' obtained under aseptlC condi!ions) 

Low;.<cele< 1111ermedia Samples C!osmdium sp C/ostridiwn pe1[ringens Other bacteria 

Electro·stimulated venom 160(100~/c) 10 (6,25%) tO (6,25%) 26 (J6,25Cfr) 
fang; 160 iiOO'ii-) 20 (12,50%) 40 (25%) 59 i36.85Sil 
GIJnd:.. so 1 1 ooq, 1 0(0%) o (0%) o (O'ir) 

Tot~l m,uerial analyzed }70 1 IOO~tl 30 (8,10%) 50(13,51%) 85 (21.9Yk) 
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2h 

8h 

24h 

48h 

Fig. I Dermonecrotic les10n induce<.l in robbit' by PBS. L imcm1edia dectrostimulated venom ulone and conjugnted with C f><'lji·i"li"""'

Rahhit' wet·e imradenn~lly inject~tl antlthe tlermonenotic le.,ions were observed at intervab of2, 8. 24 and 48 h ufler injcction. IA) 100 f-l-I 

I'BS-ph"'phate bulkr ,a]ine; tBl 20 f-l-g L imnmt•dia Venom: !C) 3 X 10.1 C. petji·in,;en1· cells/JOO r-ei PBS: (O) 20 r-eg L. irllemwdw 

c·nom- _1 X 10' C.t"'ljringl'/1.1 c:elh/100 J.d PBS. 
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venom conjugated with the anaerobic bacterium Clostri
dium peifringens were used. Venom was used in the 
concentration of 20 p..g di!uted in PBS (for this concentra
tion represents the lower limits of venom amount usually 
inoculated in a normal accident with the spider). The 
approximated amount of bacteria inoculum was 3 X 103 

C peifringens cells. Negative contrai dermonecrotic 
!esion rabbits had I 00 p..J o f PBS solution inoculated in 
a previously depilated skin area. Dennonecrotic lesions 
were evaluated at intervals of 2, 8, 24 and 48 b after 
injection_ Experimental dennonecrosis was also aS-sayed 
exact!y as described above but in tbese assays the rabbits 
reccived lhe antibiotic Penicillin G or L intermedia 
venom conjugated wíth the bacteria C. peifringens inac
tivated through autociave. AIJ other conditions were 
exact!y the same as described above. After 48 h of 
venom and bacterial exposure, the rabbits were anesthe
tized with sodium pentobarbital, sacrificed, and processed 
for histo!ogy as shown below. 

2.6. Hi:;to!ogicaf melhodsjor fight microscopy 

Skin tissues of dermonecrotic rabbits were fixed and 
processed for histology, embedded in paraffin wax and cut 
into 4-p..m thick sections. The sections were stained with 
hematoxylin and eosin (Merck) (Beçak and Paulete, 1976) 
and analyzed under light microscopy; some tissue samples 
were deparaffined and submitted to Gram stain to study the 
presence of bactcria. 

3. Results 

3.1_ Microbiological anafysis ofthe efectrostimulated 
1·enom. fangs and venom glands oj L intennedia 

There are no previous data to describe either the presence 
of bacteria in venom or in neither the fangs of L. intermedia 
nor the role they may play in the pathologic dermonecrotic 
picture of !oxoscelism. The electrostimulated venom fangs 
und venom g!ands were cultured in microbiological aerobic 
and <~naerobic media. Sraphyfococcus coagulase-negative, 
Esdrerichia co!i. Acinetobacter sp, Serracia marcensces, 
PropionibaCTerium acne, Bacilfus sp, Citmbacter freundii 
and Srrcprococcus sp., were iso!ated and identified, in addi-

tion to the anaerobic bacterium Closrridiwn perjringens 
(Table I), which is potentia!ly pathogenic and causes severe 
dennonecrotic lesions and which was the target o f ou r inves
tigation in this experiment. 

3.2. Evidence for the potentialization o f dennonecrotic 
lesions induced by L. intermedia electrostimufoted 1•enom 
conjugated with C. peifringens 

-WTili-the purpose o f studying the intluence o f C. peifrin
gens with the loxoscelic venom, experimental dermonecro
sis was assayed in rabbits for comparison of thi:! 
dermonecrotic picture induced by the venom a!one with 
that induced when lhe venom was conjugated with C. 
perfringens (see Section 2). As depicted in Fig. I, the 
dermonecrotic lesion induced by L. intennedia venom asso
ciated with the bacterium C. peifringens becomes high!y 
enhanced as compared to the lesion provoked by the 
venom alone, suggesting a role for these bacteria as an 
aggravating factor of thc experimental dermonecrotic 
picture. 

3.3. Inftuence of antibiotic therap;v and rlze inactivation of 
bacreria on auroctave on the dermonecmric !esions induced 
by L. intennedia venom 

With the purpose of determining the role of C. peifrin
gens as an element that favors the exacerbation of the 
dennonecrotic process caused by Loxosceles intermedia 
venom, experimental dennonecrosis was assayed in 
rabbits as described above. Briefly, 24 h before and 
during the experimental inoculation the animal~ received 
antibiotic therapy (G Penicillin, lhe drug of election for 
anaerobic organisms (Murray and Citron. !991: Murray 
et ai., 2000)) (Fig. 2A). Alternatively, animais received 
only PBS, L. intermedia electrostimulated venom conju
gated with autoclave inactivated bacteria C. per{ringens 
and the venom alone (Fig. 28). As i!lustrated in the 
figures, in the experiments with antibiotic therapy aml 
bacteria inactivation there is no enhancernent of dermu
necrotic lesion, strongly suggesting that C. peifringem 
does play a role in the severity of loxo~celic dennu
necrotic picture. 

-·------------------··-
Fig. 2. lnfluence o f antibiotic therapy and the inactivation o f bacteria on auroclave on the dermonecmtic lesions. (A) Dermonenullc lesion 
induced in rubbits by L imennediu dcctrosnmulated venom alone and conjugated with C peifringen.l (rabbits were previously ~nd during the 
~xperimcnrs. treated Wlth nntibiotics). The dcnnonecrotic !esions were observed at interv.Us of 2, 12, 24 and 4~ h a f ter injc~tion. tA) I DO jJ.-I 
PBS-phosphme buffer saline: (8) ~O 1-'-g L. imennedia vcnom alone; (C) 20 j.l-g L intermedia venom + 3 X 10' C pe!fi-lngrm cel!s/100 1-'-1 
PBS fconjug~t~ venom + ba~terta). Thcre i~ no enhdncement of dermonecrotic lesion evoked hy venom plu' hacterin ~ompared to B pornt 
(venom alone). (Bl Dermonecrotic lesion induced in mbbits by L. inrennedia electrostimulmed venom alone and venom conjugated with C. 
!'(Jfringen> (!n~ctivation of C. pe1jringens by uutodave)_ The dermoneerotic lesions were observed at interval' of 2. 12_ 24 and --1-R h after 
injection_ tAl 100 (-LI PBS-phosph~te buffer .<aline: (8) 20 jJ.-g L. imennedia venom alone; (C) 20 j.l-g [ .. illlemtedia venom + 3X 10·' C 
pnji·i,.gen> celb/100 1-'-1 PBS (conjugme venom + ba<:teria). There is no enhancement o f dermonecrotic lcsion evoked by venoon plu~ bacteria 
compared to B pomt (venom alnneJ. 
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(B) 

2h 

12h 

24h 

48h 

Flg. 2. icontirmed) 
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A 

B 

c 

Fig. ~- Compnmtive hi~tologicnl profiles of rabbit normal skin and dermonecrotic lesions induced in rabbits treated with L imennedia 
electrostnnulated venom alonc or L mtt!rmeJia venom conjugated with C. peifríngens. (A) Rabbit normal skin; (BJ Histopatholog:ical profile 
o f le,;ion indllced by L. imemwJia venom alone: (C) Histopathological pro file of lesion induced by L. intermedio venom conjugated with the 
hactena C. perfringens (magnificmions of 100 X). Comparatively. at the same amp!ification, we can observe an incre~se of edema and 
inflammatory reaction of ~kin treated by venom plns C. perfríngens, than venom alone. Closed arrows show epidermis. open arrows point 
connective tis~ues. closed urrowhead-; depict muscle tissue. Open arrowheads point the collections of inHamatory cells basically represemed by 
polymorphonuclear leukocyte~. 

3.4. Hi~topar!w/r;gica/ swdies of denmmecrottc leúons 
induced in mbbirs trearaf wirh L. intermedia l'enom alone 
and L. intennedia \'enmn conjugared with C. perfringens 

With the purpose of proving the o::orrectness of data 
describcd prcviously. which suggest that the presence of 
the bacteria C. per{ringen.1· in the dermonecrotic lesion 
induccd by the L imermedia venom favors. the enhancement 
of the leswn. the skin of rabbits inoculated elther with the 
venom of L. inrermedia or with the venom <.:onjugated 
with the bacteria C. perjringens. was proce:ssed for histology 

and analyzed under light microscopy. Fig. 3A shows the 
histologic profile of rabbit normal skin. In Fig. 3B the histo
logical profile ofthe lesion induced by L. intermedia venom 
alone, where one can see the presence of a ~car in the skin 
surface, from the lining epithclium until the skeletal muscle 
tissue, edema along the whole skin structure. a collection of 
\eukocytes between the conneo::tive tissue and fat and skele
tal muscle tissues. In Fig. JC, the histopathological profile of 
the dennonecrotic lesion induced by L. imermediu venom 
conjugated with C. perfringens. revealing the same histolo
gical profile as the previous picture. except that it is more 
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A 

B 

Fi!!- -t. Gram _,tain in hisw!ogical _,ection of dennonecrotic !esion 
1nduceU in r~bbit by L imennedia e!ectrostimulated venom conju
gmed with C perfringens aftcr 48 h. (A) Hi.<;tological section of 
dermonecrmic Jesion induced m rabbit by L. inrennedia venom + 
C j>eqi-ingl'/1.\ after 48 h. Stained by Gram method (amp!ification of 
JOOOx J. Arruw> point rod> of C. perfringens distribuited in the 
tis~ues_ {BJ A_, r:omrol an histologicalsection o f rabbit sk.in injected 
w1th C. p<'ij"ringens alone after 48 h was stained by Gr.1m method. 
There wa"> no bacteria growth. 

exilcerbated_ The ~car in the skin surface is increased, the 
edema on lhe tissue skin is also increased and the leukocyte 
cnllection ts a!so very increased in relation to the inflamma
tory picture induced by L intermedia venom alone. These 
hbtopathological data stnmgly corroborare the microscopic 
daw. descrihed previously and suggest that the bacteria C. 

P~'ifrinKCIIS enhances lhe ctermonecrotic effects of L inter
media venom conjugated with the bacteria C. pe!f"ringens. 

3.5. Reisofalirm o[ C perfringensji-om the e_\perimental 

dennrmecrmic lesion induced by L. intem1edia W!n(JJ/1 

cm(iugmnf lt'ilh rhe bacreria C perfringens 

Ftnally. in order to demonstratc the role of C. perfringens 

as ~n enham:ing element of L imermedia venom dennone
crotic activities. tissue punitions were carried uut from the 
detlllonecrotic le~ions of tis.'>ues inoculated with the venom 
<l]une. thc bacteria alone and the vcnum conjugate with 
bacteria. A' shown in Table 2. unly the material from the 
dermonecrotic Jesion indtKed by L. inrermedia venom 
conjugated with C pnj'ringen.\ pruduced a positive result 
in anaerobic cullure. comparcd to the other samples that 
provhh:d ncgauvc re~ults. Gram ~tain histology results of 
dcrmonecrolic tÍ\~ues mduccd by L. imcrmedia venom 
conjugated 11ith C. pe!ti·ingcns in this -,itc aflcr 48 h were 

Table 2 
Reisolations of Clostridíum perfringens from experimental Jermo
necrosis induced in rabbits (during expenmental procedurcs, euch 
rabbit received three points of inoculatiun (AJ. (B) and (C). from 
whlch biopsies were colleeted and analyzed for anaerobic culture 
protocols (the experimems were repeated five times) 

Samples (culture) 

(A) Biopsy of dermonecrotic lesion evokcd 
by L. intennedia venom alone after 24 h 
(B) Biopsy o f rabbit skin inoculated with C. 
perfringens afler 24 h 
(C) Biopsy of dennoneçrotic lesion caused 
by L intermedia venom plus C. perjringl'lt.r 
after 24 h 

An~erobic culture 

Ncgative 

Negative 

Posittve 

positive, as can be seen in Fig. 4. The resu!ts oblained 
strongly suggest the role played by these organi~ms as 
potentializers of the dennonecrotic picture and that a 

previous dennonecrosis induced by the venom is needed 
for lhe development of these microrganisms. 

4. Discussion 

In this study lhe aulhors eva]uated the microbiological 
conditions in some brown spider's bocly compurtments and 
its venom. Among the bacteria iso]ated, une of major clinicai 
importance was the anaerobic organism C. per{ringens. In 
addition, it was possible to reproduce the ctennonecro!ic 
lesion induced in rabbits with the L. intermedia venom 
and wilh the conjugare C. peifringens plus venom with a 
significant severing of the Jesion. 

Importantly, in the dennonecroric and systemic lesions of 
loxoscelism there is a similarity between data reported in the 
literature for lhe brown spider and C. perfringens accident~. 

After the brown spider bite, there appears a erithcmatous 
macula in lhe si te of venom inoculation, and ais o a hacmor
ragic blister may appear. Necrosis becomes evident only by 
the end o f the first week or during lhe second week after the 
accident evidentiating an ulcer of vnriable sizes. If there is 
no secondary infection, healing of the wound occurs as 
resolution. In the presenee of necrosis. healing seldom 
occurs before I month and in the most severe cases there 
is a systemic picture named vhceral-cutancous !Oiloscelism. 
During the first few days or hours after the aceident there is 

'massive haemolysis with subsequent haemoglubinuria that 
may evolve to renal failure nnd death (Futrcll and Morgan. 
I 977; Bascur et al., I 982). 

After skin introduction by penetrating wounds. animal 
bites and otherroutes (Goldstein et ai., 1984). the anaerobic 
bacteria C. peifringen~-. under appropriate condítions (as 
tissue necrosis) colonize the tissues and proliferates vcry 
intensively causing dennonecrotic picttJres such as gas 
gangrene and serious sysremic impainnent such as renal 
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failure and death, due to the potent exotoxins that provide 
these bacteria with extreme pathogenicity. Gas gangrene or 
myonecrosis is an infection with one o f the worst prognosis 
and after the colonization with C. peifringens there is 
progressive destruction of skeletal muscles and the fonna
tion o f blisters and gas with accumulation ofliquid (edema). 
lncubation period varies from a few hours to 4-6 weeks 
(usually 24-48 h), after the first moment of wound 
onset.The lesion becomes progressively larger, sometimes 
very rapidly. Blisters and vesicles, containing a dark red 
liquid, which !ater becomes brown and dennonecrotic, 
fonn on the skin, in the corresponding affected area 

. (Middlebrook and Dorland, 1984). 
Besides identificalion and isolation of anaerobic bacteria 

found in the venom and fangs of L. intem1edia spiders, this 
study intended the reproduction of the dermonecrolic 
!esions by this potentially pathogenic bacterium. The organ
ism was isolated and identified in spider fangs and electro· 
stimu!ated venom (Table l ), which although sterile, when 
cu!tivated directly from the glands becomes contaminated in 
the fangs, where this organism is found with significant 
prevalence (as confinned in our experirnent) due to the 
contact of the brown spider with the environment, once C. 
peifringens spores are widely distributed in soi!, water, 
p!ants and human and animal feces (Murray et al., 2000). 
This is very important because it is probably related with 
the gravity of loxoscelism picturc:s. The results obtained 
suggest that the spider venom gets contaminated during 
its passage through the fangs (inoculating apparatus) and 
when the bacterium C. peifringens is present the organism 
wil! be inoculated together with L. intennedia venom, and 
this may be the causing agent of the severe dennonecrosis 
pictures not only becau~e of toxic components of L inter
media venom itself (Feitosa et a!.. 1998; Veiga et ai., 2000) 
but also due to the highly potential!y pathogenic toxins 
produced by C. perfringens (Murray and Citron, 1991; 
Murray et ai., 2000) and as the venom rapidly causes a 
necrotic lesion on the tissue. this results in an environ
ment that favors the growing of anaerobic C. perfringens 
organi~ms. 

When L. intennedia venom was inoculated wíth the 
bacteria C. peifringens there was an evident potentialization 
of ali parameters mentioned above. This study indicates that 

C. peifringens is an important factor in ltte exacerbation of 
dennonecrotic lesions caused by L. intermedia also suggest
ing that it may contribute to the eventual systemic simulta
neous impairment. which is typica! when these organisms 
are prescnt in the wounds. This tinding provides the basis for 
better prophylactic and therapeutic approaches of L. inter
media !esions. 

Patients bitten by the brown spider receive a therapeutic 
protocol that involves the use of anti-histaminic, cortico
steroids aml anti·loxoscelic sera. Plastic surgery is recom
memled when ulcerations are extensive or affect areas !ike 
face (Barbaro et <!l., !992; Finegold, 1993). While in gas 
gangrene specific therapy is carried nut wi th G"penicillin as 

the lirst choice antibiotic for anaerobic organisms 1ike C. 
perfrlngens, serology and surgical intervention is recom
mended for the compromised dennonecrotic areas (Hathe
way, 1990; Murray and Citron, 1991; Murray et ai., 2000). 

The data obtained with this experiment emphasize the 
possibility of co-infection of the lesions caused by Loxo.~
celes intermedia with C/ostridium peifringens especially in 
those cases with the presence of severity parameters already 
mentioned. Thereby, an efficient therapy for treating !oxos
celi;m must" take in to- account that besides -lhe- VeUOm 

components with toxic actívities there might be a new 
date adding to the therapeutic and preventive studies of 
the accidents with the brown spider, L. intennedia . 
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Abstract 

Loxoscelism, the term used to describe envenomation with brown spiders, is 

characterized by a dermonecrotic lesion at the bite site. In the present invesligation 

we submitted albino rabbits to an acute experimental envenomation protocol using 

Loxosceles intermed1a (brown spider) venom, with emphasis on the determination 

of the features of lesion pathogenesis induced by this spider, which is lhe cause of 

severa! accidents through out the world. Rabbits received intradermal injections of 

lhe venom and were monitored over lhe first 4 hours. and then 12 hours and 1, 2 

and 5 days after envenomation. Histologic specimens from 3 rabbits per time point 

were collected from euthanized animals and processed for histological examination 

by light microscopy. Major macroscopic findings observed during the first 4 hours 

were swelling and a haemorrhagic spot at the injeclion sites and microscopic 

finding at lhe dermis levei were oedema, haemorrhage, degeneralion of blood 

vessel walls, plasma exudation, thrombosis, neutrophil accumulation in and around 

blood vessels wilh an inlensive diapedesis, a diffuse colleclion of inflammalory 

cells (polymorphonuclear leukocytes) in lhe dermis, and subculaneous muscular 

oedema. Over the following hours and up to 5 days after envenomalion lhe 

changes progressed to massive neutrophil infiltralion (no other leukocyles) inlo the 

dermis and even inlo subcutaneous muscle tissue, deslruclion of blood vessels, 

lhrombosis, haemorrhage, myonecrosis, and coagulative necrosis on lhe 5th day. 

Lesion repair was apparent at 2 days, with proliferalion of fibroblasls and lhe 

formation of a granulation tissue. 
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lntroduction 

Brown spider venoms have long been recognized for their potent noxious 

activities. Spiders of the genus Loxosce/es cause severe necrotic arachnidism at 

lhe bite site in humans throughout lhe world (Futrell, 1992; Meier and White, 1995) 

and also several systemic effects such as acute renal failure, disseminated 

intravascular coagulation and intravascular haemolysis, that, although less 

common than local signs of envenomation. are responsible for lhe death of the 

victims (Futrell, 1992, Kurpiewski et a/. 1981; Lung and Mallory, 2000; Rees et a/. 

1983). 

Dermonecrotic react1on, the most striking manifestation evoked during 

envenomation, 1s currently under investigation, with some venom toxins now well 

understood as is the case for lhe low molecular mass protein of 33-35 kDa 

characterized as sphingomyelinase D (Futrell, 1992; Kurpiewski et a/. 1981; 

Tambourgi et a/. 1998; Tambourgi et a/. 2000) involved in dermonecrosis, platelet 

aggregation and haemolys1s, and hyaluronidases of 33 kDa and 63 kDa, probably 

involved in the gravitational spreading of dermonecrosis (another hallmark of 

accidents) (Futrell, 1992; Veiga et a/. 2001a; Wríght et a/. 1973). Some proteases 

may be involved 10 haemorrhage and íntravascular coagulatíon through theír 

fibrinogenolytíc actívíty, in delayed wound healíng (another feature of 

envenomatíon), defectíve platelet adhesíon and haemorrhage through their 

fibronectínolytíc actívity, and in proteolysis of entactin and heparan sulphate 

proteoglycan protein core. They may also cause basement membrane disruptíon 

that may be related to renal failure and alteration of lhe integrity of blood vessel 
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walls with plasma exudation and haemorrhage, as well as venom spreading to lhe 

body with systemic effects (Feitosa et a/.1998; Veiga et ai. 2000; Veiga et a/. 

2001a; Veiga et a/. 2001 b; Zanetti et ai. 2002). 

A great problem regarding lhe understanding of Loxoscelism is lhe fact that 

different authors have used venoms harvested from distinct Loxosceles spider 

species in their experimental investigations. State of the art informations about 

brown spiders have been reported in studies using venoms Irem L deserta, L 

gaucho, L tiJtermedia, L laeta, L reclusa and L rufescens (Barbaro et ai. 1992; 

Futrell, 1992; Gomez et a/. 1999; Pizzi et a/. 1957; Young and Pincus, 2001). 

Some results described for a species of Loxosce/es are not reported for others, 

basically because researchers generally use in their experiments lhe venom 

collected from the most common species in their countries and the difficulties to 

obtain enough venom to reproduce experimentally lhe pathogenesis of 

Loxoscelism at laboratory conditions. The histopathological findings concerning 

dermonecrotic lesions are good examples of this problem. Literatura data 

describing such observations have been reported for experimental or accidental 

envenomations caused by L reclusa and L laeta (Futrell, 1992; Pizzi ela/. 1957; 

Smith and Micks, 1970), but no additional information is available about exposure 

to lhe venoms of L deserta, L gaucho, L hirsuta, L intermedia, and others. 

These questions, together with lhe high incidence of necrotic arachnidism in 

Southern Brazil (an average of more than 2,000 accidents per year only in the city 

of Curitiba and Metropolitan Region), prompted us to perform a detailed study 

concerning lhe pathological changes induced by exposure to the venom of L 

intermedia, lhe brown spider that prevails in Southern Brazil. The present data 
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describe characteristics of lhe histopathological findings of experimental acute 

dermonecrotic lesions induced in rabbits by L. intermedia venom. Our results 

revealed a massiva acute inflammatory reaction with coagulative necrosis of 

affected areas. By using this kind of analysis, we hope that some insight into 

Loxoscelism could be gained, opening lhe possibility for a differential diagnosis in 

case of doubtful etiology. 

Materiais and methods 

Spider venom extraction 

The venom was extracted from L. intermedia spiders captured in nature and 

kept for 5 days without any kind of food. An electrostimulation of 15 V was applied 

to the cephalothorax of the spiders and lhe venom was collected directly from the 

stings with a micropipette, dried under vacuum and frozen at - 85°C. A pool of 

venom collected from 1.000 spiders was used in lhe experiments (Feitosa, et a/. 

1998; Veiga et ai. 2000). 

Dermonecrosis studies in vivo on rabbits 

For evaluation of dermonecrosis, pooled venom (samples of 40 J.l9 of 

proteins from crude venom diluted in a final volume of 100 fll PBS, since 40 fl9 of 

proteins represent lhe average venom concentration injected during natural 

accidents), was injected intradermally into shaved areas of the skin of rabbits. 

Three adult New Zealand animais weighing 3 and 4 kg from the Central Animal 
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House of the Federal University of Parana were used for each time interval. The 

dermonecrotic lesions were checked 4 hours, 12 hours, 1 day and 2 and 5 days 

a !ter the injections. A group of animais that received only 100 1'1 of PBS was used 

as a negative contrai (Lopes- Ferreira, 2001 ). After venom exposure, the animais 

were anesthetized with sodium thiopental ( Abbott, São Paulo, Brazil ), sacrificed 

and processed for histology as shown below. 

Histologtcal methods for ltght microscopy 

Tissues were processed for histology as described (Drury and Wallington, 

1980). After fixation, tíssues were embedded in paraffin and cut into 4 l'm thick 

sections. The sectíons were stained with hematoxylin (Merck, Darmstadt, 

Germany) and eosin (Sigma, St Louis, USA) and analyzed by light microscopy 

(Oiympus BX-40, Japan). 

lmmunoh;stochemical analysis 

Materiais were formalin-fixed. Paraffin sections mounted on glass slides 

were deparaffinized in xylene overnight and rehydrated in graded ethanol series 

and water. The sections were then washed with PBS, incubated in 3% H20 2 

(Merck) at room temperature for 15 min to inhibit the activity of endogenous 

peroxidase and washed with PBS, and nonspecific protein binding sites were 

blocked with 1% bovine se rum albumin (Sigma) in PBS atroam temperature for 30 

min under humidified conditions. Alter washing in PBS, sections were incubated for 

2 hous at 37"C with a primary polyclonal antibody against fibrinogen diluted 1:500 
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(produced in our laboratory using purified fibrinogen and rabbits, as described 

(Halow and Lane, 1988). Excess antibody was removed with PBS and lhe material 

was incubated with peroxidase-conjugated goat anti-rabbit lgG (Sigma) diluted 

1:100. Following further washing in PBS, diaminobenzidine (Sigma) was used to 

visualize the immunoreactivity. Sections were washed in PBS and water, 

dehydrated in ethanol, cleared in xylene, and mounted in Entellan (Merck). 

Negative contrai reactions were performed by incubating the sections with pre

immune sera diluted in PBS under lhe same experimental conditons as described 

for hyperimmune serum. 

Results 

Normal macroscopic and histo/ogica/ characteristics of the skin of rabbits 

The objective of the present repor! was lhe description of the development 

of the lesions caused by L intermedia venom during acute cutaneous Loxoscelism 

experimentally induced in rabbits. We considered as acute cutaneous Loxoscelism 

the lesions that appeared on the skin from O hours to 5 days after envenomation. 

Ali tested animais developed very similar reactions. 

As a contrai, Figure 1 depicts the normal aspect of rabbit skin. Figure 1A 

shows the macroscopic appearence o f a shaved area of skin. In Figure 1 B, we can 

observe histological details of lhe epidermis and the underlying dermis. The 

stratified squamous epithelium, stratum comeum with keratinized cells and 

collagen fibers are visible. Figure 1 C depicts collagen bundles of dense 

connective tissue and details of hair-associated structures. Figure 1 D illustrates 
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details o! normal dermis or corium located beneath lhe epidermis, showing a layer 

o! dense connective tissue rich in collagen fibers arranged as randomly 

interwoven bundles o! varying sizes. Normal blood vessels responsible for the 

blood supply to lhe dermis are also shown (1 D). Figure 1 E depicts lhe normal 

aspecto! skeletal muscle tissue located beneath lhe dermis. 

Histopathological changes in rabbit skin induced by /,_. intermedia venom 4 hours 

after treabnent 

The initial sign o! injury appeared between 1 and 4 hours after venom 

injection. As shown macroscopically (Figure 2A), swelling and haemorrhage 

(characterized as a spot) developed at the injection site. Histologically, within 4 

hours after venom exposure the epidermis was preserved, showing lhe stratified 

squamous epithelium and stratum comeum with keratinized cells (28). 

Nevertheless, oedema occurred under lhe dermis, as shown by marked 

disorganization o! loose connective tissue (28). At this stage hair !ollicles were 

preserved (2C). A biopsy collected at this time showed an intensive collection o! 

infiammatory cells in and around the blood vessels o! lhe dermis, characterizing 

massive diapedesis with infiltration of connective tissue and even deeper tissues. 

The inflammatory cells are basically represented by neutrophils (20, 2E, 2F). The 

dense connective tissue inside lhe dermis presents disorganization o! collagen 

fibers with multifocal infiltration o! inflammatory cells (2H) and a proteinaceous 

network formation among collagen bundles (21). lmmunohistochemical reaction 

using an anti-fibrinogen antiserum confirmed that his proteinaceous substance is 

fibrin (2J), indicating an increase in vascular permeability with exudation and 
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of skelectal muscle by leukocytes and an outflow of fiuid among muscle fibers 

(muscular oedema) (Figure 3H, 31). 

Histologica/ features of dermonecrotic lesions induced in rabbits 24 hours after f.. 

intermedia venom exposure 

Twenty-four hours after experimental envenomation, macroscopically, the 

site of envenomation was surrounded by a white halo of ischemic tissue. The area 

of gravitational spreading showed haemorrhage, erythema and swelling and 

changed from a violaceous to a black colour (Figure 4A). Histologically, the lesion 

showed preserved epidermis (epithelium and keratinized cells), but with the 

stratum corneum assuming a dull dari< colour. Disorganization of the collagen 

fibers from loose connective tissue near the epidermis was especially marked with 

some leukocyte infiltrates indicating oedema and an evolving inflammatory reaction 

(Figure 4B). The hair follicles with necrotic degeneration, as well as a collection of 

infiammatory cells were maximized compared to the 12 hour treated group. A 

fibrinoid exudate and erythrocytes surrounding hair follicle debris were also evident 

(Figure 4C). At 24 hours after envenomation the vascular changes were enormous; 

thrombosis with necrotic tissue, a massive accumulation of leukocytes inside blood 

vessels with peripheral orientation along the vascular endothelium (leukocytic 

margination), transmigration across the blood vessel wall (diapedesis), migration to 

surrounding interstitial connective tissue (the leukocytes were mainly neutrophils at 

different stages of maturation, with no other kind of leukocytes being detected) 

(Figures 4D. 4E, 4F). lntense interstitial oedema, fibrin network deposition among 

interwoven collagen bundles from dense connective tissue and a marked 
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accumulation of inflammatory polymorphonuclear leukocytes in the dermis were 

clearly visible (Figure 4G). At this time, the pathogenesis induced by envenomation 

in skeletal muscle was evidenced by myonecrosis of some myofibrils (myolysis) 

and leukocyte infiltration (Figure 4H). 

Histological findings 2 days after experimental h- intermedia envenomation 

Macroscopically, the evolution of the dermonecrotic reaction at the injection 

site 48 hours post~envenomation showed a halo of ischemic tissue varying in 

colour from white to red and hardened. At this time, in lhe area of gravitational 

spreading the center of the lesion acquired a hardened textura, the central area 

also became black, w1th the surrounding region showing diffuse erythema (Figure 

5A). At the microscoplcal levei, the striking feature at this time was lhe destruction 

of epidermis integrity, with a massiva haemorrhage and necrosis of surrounding 

collagen near the epidermis (Figure 58). The hair follicles appeared like-necrotic 

debris of tissue, also surrounded by a massiva haemorrhage (Figure 5C). 

Morphological changes inside the dermis revealed a radial leukocyte infiltration, 

diffuse points of necrosis and a marked haemorrhage into the connective tissue. 

The collagen fibers of the affected areas were disturbed and expanded by oedema. 

A fibrillar exudation was also noted (Figure 50, 5E). A marked accumulation of 

inflammatory cells (PMN leukocytes) was observed in the interface of lhe dermis 

with skeletal muscle (we named this event "neutrophils palisade") (Figure 5F, 5G). 

The muscle tissue revealed areas of myolysis and necrosis, with a radial infiltrate 

of leukocytes. AI this time, nevertheless, an important modification was noted in 

some sections of the interface of muscle and connective tissue, i.e., the presence 
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of granulation tissue showing abundant formation of new blood vessels 

(angiogenesis) and fibroblast migration and proliferation, indicating that a repair 

process was in progress (Figure 5H, 51). 

The histologic picture 5 days post experimental envenomation by f:. intermedia 

At this time macroscopically lhe necrotizing lesion assumed a dark colour 

and developed an indurated and extensiva eschar, where at least two regions 

could be differentiated. At lhe injection site (like a punctum) there was a hard halo 

and at a distance there was a more prominent lesion area disseminated by 

gravitational spreadmg (Figure 6A). Microscopically there was an impressive 

necrotic lesion of the epiderm1s and surrounding regions (Figure 6B), as well as 

connective tissue and hair follicles inside the dermis (Figure 6C). At this stage 

muscle tissue under the dermis showed myolysis and calcification points (Figure 

6F, 6G). At the interface of muscle tissue and lhe neutrophils palisade (Figure 6E), 

a repair process could be detected by the presence of a well-formed bed of 

granulatíon tissue with fibroblast migration and proliferation, and deposition and 

organization of new fibrous tissue (Figure 60). 

Discussion 

Loxoscelism is lhe term used to describe reactions and lesions caused by 

bites from spiders of lhe genus Loxosce/es. These spiders are distributed ali 

around the world, although some species prevail in different countries for reasons 

that have no! been fully elucidated. Loxosceles deserta is the primary species in 
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Africa; L rufescens in lhe Mediterranean and Australia; L /aeta is located primarily 

in Central America and South America; L reclusa is found in the Midwest States of 

the USA, and L intermedia prevails in South Region of Brazil where this species is 

responsible for most cases of envenomation (Futrell, 1992; Veiga ela/. 2001a; 

Young and Pincus, 2001). 

The bites of brown spiders are remarkable for causing dermonecrosis, the 

hallmark of envenomation, that sometimes is also named gangrenous arachnidism 

or necrotic arachnidism (Futrell, 1992; Meier and White, 1995) and may evolve to a 

skin ulceration. Loxoscelism is an unresolved clinicai problem; lhe treatments for 

local lesions are based on steroids, dapsone, anti-venom serum therapy and 

surgical excision, but they only reduce the problem when used in a time-dependent 

manner and when administered during the first hours post-envenomation (Futrell, 

1992; Rees et a/. 1981) 

In lhe past, most studies on brown spider envenomation were conducted 

using L reclusa venom or clinicai data Irem natural accidents with this spider. Little 

was known about other species of brown spiders. 

The literatura suggests that clinicai and laboratory findings regarding natural 

accidents resemble those obtained in animal models especially when rabbits are 

used, showing a significant overlap of similarities (Eiston et a/. 2000; Futrell, 1992; 

Veiga et ai. 2000). 

Considering the differential geographic distribution of spiders of lhe genus 

Loxosceles, some particular characteristics of each species, lhe endemic accidents 

caused by L intermedia in South of Brazil and the lack of literatura data focussing 

on lhe histopathological changes evoked by envenomation with this species, and in 
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arder to provide some information for lhe differential diagnosis and some support 

for treatments, we described here the histological findings obtained after 

experimental acute envenomation of rabbits using L intermedia venom. For acute 

envenomation we considered tissue reactions that occured during the first 5 days 

post-venom exposure. The time of collection of specimens for analysis was based 

on previous reports from our group (Veiga ela/. 1999; Veiga et a/. 2000) and the 

appearance of major macroscopic changes in lhe skin that could be of interest to 

physicians were described. 

Histolog ical analysis performed 4 hours after venom exposure showed 

macroscopically a haemorrhagic spot a! lhe injection site; microscopically, the cells 

from the epidermis and hair follicle in the dermis were preserved, although early 

events observed within the dermis were interstitial oedema, plasma exudation 

indicated by fibrin deposition in connective tissue, a massive accumulation of 

leukocytes (PMN) inside blood vessels (no other kind of infiltrated leukocytes were 

detected in our model) and an evident diapedesis with inflammatory infiltrate of 

interstitial structures and even of muscle tissue. At this time we also detected 

capillary thrombosis and blood vessel wall degeneration, besides oedema of 

skeletal muscle under lhe skin. No gravitational spreading was observed in 4-hour 

treated rabbits. 

Based on lhe present data, which show an early (in the first 4 hours) and 

massive collection of PMN leukocytes inside blood vessels and distributed in 

neighbouring tissues, and since these cells play an essential role in the 

dermonecrotic effects of brown spider venoms (Patel et a/. 1994; Smith and Micks 

1970), we may understand why mos! treatments induce no significant decrease in 
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dermonecrosis when applied !ater, and the importance of a differential diagnosis 

and of an early visit to a specialist for an effective therapy. 

Over the following hours (12 h-treated group) erythema and swelling at the 

injection site and gravitational spreading of haemorrhage were macroscopically 

evident. Histological analysis showed preserved epidermis, oedema of interstitial 

tissue with plasma exudation, hair follicle necrosis, neutrophil infiltrate, 

haemorrhage, necrotic thrombosis with vessel oclusion, blood vessel degeneration, 

muscular oedema. and myolysis. Macroscopic analysis the 24 h-treated group 

showed a white halo of ischemia at the injection site and clearly visible tissue of a 

dark colour colocalized with gravitational spreading. Histologic analysis showed 

preserved epidermis but with the stratum corneum assuming a dark colou r. In the 

dermis there were diffuse oedema, fibrin exudation, haemorrhage, necrotizing hair 

follicles, a marked infiltration of neutrophils, thrombosis, and myonecrosis. Forty

eight hours after venom exposure, macroscopically we noted white ischemic tissue 

at the injection site and the characteristic gravitational spreading of the lesion with 

a dark colour, that became indurated and was surrounded by erythema at the edge 

ofthe lesion. At this time histopathological changes include deep epidermal-dermal 

necrosis, massive haemorrhage in the dermis, necrotizing hair follicles, fibrillar 

exudation, a very impressive palisade of inflammatory cells (PMN) at the interface 

of the dermis with muscular tissue, and myonecrosis. From skelectal muscle to 

connective tissue a granulation tissue with new blood vessels (angiogenesis) and 

fibroblast proliferation indicates the beginning of the repair process. Five days post

envenomation macroscopically there was a darkened eschar at the injection site 

colocalized with the gravitational spreading of the lesion. Microscopically the 
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histologic picture showed a deep coagulative necrosis including epidermis, hair 

follicles, connective tissue of the derrnis, and muscular tissue. At this stage the 

neutrophils continued to accumulate inside the lesioned areas and especially at the 

interface of connective and muscular tissue. The granulation tissue was present 

and increased compared to the 48 h-treated group, confirming lhe continuation of 

lhe repair process with fibrosis. 

In this investigation we did no! detect an infiltration of eosinophils near lhe 

site of venom exposure ar eosinophilic coagulative necrosis, as described (Eiston 

et ai. 2000). Such disagreement could be explained by the fac! that in lhe present 

investigation we studied acute lesions and ali specimens for analysis were 

collected during the first 5 days post-venom injury and eosinophil infiltration could 

be a !ater event, since these authors (Eiston et a/. 2000) collected their materiais 

14 days after envenomation. 

There are no previous histologic descriptions of experimental or natural 

dermonecrosis induced by L. intermedia. Comparativa studies were reported for 

experiments using L. reclusa venom. Smith and Micks (1 970) reported thickening 

ot the skin, oedema, accumulation of PMN leukocytes, intravascular clotting, 

massive haemorrhage into the dermis and loss of integrity of blood vessel walls 

within the first 6 hours. Rees el a/. (1981) also described thrombosis, vascular 

necrosis and neutrophil accumulation surrounding lhe injected region 6 hours after 

envenomation. By using L. reclusa venom and rabbit models, Strain el ai. (1991) 

reported oedema, erythema, ischemia and cyanosis in the first 12 hours post

envenomation and crateriform ulcer formation and extensiva purpura by 24 hours. 

Futrell (1992), studying the same venom under similar conditions, also reported 
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early accumulalion of PMN leukocyles, vascular lhrombosis, blood vessel wall 

damage and haemorrhage in lhe dermis in lhe firsl 3 hours posl-envenomalion. 

Pizzi et a/. (1957), in a study of L. /aeta venom and rabbil models, reported 

oedema, erythema, thrombosis, degenerativa alteration of blood vessels with 

infillration of leukocytes and erythrocytes in to the connective tissue of the dermis in 

the first 24 hours of envenomation. Clinicai data and biopsies from human patients 

after brown spider bites have shown moderate inflammatory infiltrate, thrombosis 

and haemorrhage (Dillaha et ai. 1964), dermatitis, acute inflammation, induration of 

lesioned region, erythema, liquefactive necrosis of the epidermis and the dermis 

consistent with pyoderma gangrenosum (Hoover et a/. 1990), besides necrosis of 

the dermis, with fibrin deposition and myonecrosis (Yiannias and Winkelmann, 

1992). 

The histopathological findings described during this investigation as 

macroscopic aspects of the lesions, the time course of dermonecrosis, features 

such as interstitial oedema, plasma exudation, thrombus formation inside the 

capillaries, vessel degeneration and a PMN leukocyte-mediated inflammatory 

process, open lhe possibility for a differential diagnosis. We hope that this insight 

into Loxoscelism can be useful to the pathologists in dermonecrosis ethiology 

studies. 
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Legends 

Figure 1 Normal aspects of lhe skin of rabbits. 

(A) Macroscopic view of a shaved area of normal rabbit skin (open arrow). (B) 

Histological appearance of the epidermis and surrounding dermis (closed 

arrowheads) showing the presence of stratum corneum and keratinized cells; 

closed arrows show epithelial cells and open arrows depict collagen bundles Irem 

I cose connective tissue (400X). (C) Details of lhe dermis (closed arrows) show h a ir 

follicles; white arrows point at collagen bundles Irem dense connective tissue 

(400X). (D) Appearance of normal blood vessels (closed arrowheads) showing 

endothelial cells Irem lhe tunica intima; closed arrows point ata blood vessel wall 

(400X). (E) Aspects of subcutaneous skeletal muscle (white arrows) show the 

interface of muscle fibers; closed arrowheads point at myofibrils of normal 

appearance (400X). 

Figure 2 Histopatho/ogica/ changes of lhe skin of rabbits 4 hours post-L. 

intermedia venom exposure. 

{A) Macroscooic aooearance of a shaved area of the skin after venom iniection 
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Preserved epilhelial cells (closed arrows) and keralinized cells (closed 

arrowheads) of lhe epidermis, bul disorganizalion of collagen fibers of loose 

connective tissue (open arrows) are present, indicating the occurrence of oedema 

(400X). (C) Hair follicles are preserved (closed arrowheads), bul oedema is 

confirmed by disorganizalion of collagen bundles from conneclive lissue in lhe 

dermis (closed arrows), (200X). (D) Massive inflammalory cell accumulalion wilhin 

blood vessels in lhe dermis (closed arrows), (100X). (E) Delails of a blood vessel 

showing inflammalory leukocytes accumulaled in (white arrow) and around (closed 

arrows) lhe vessei,(630X). (F) A massive diapedesis of inflammalory cells to 

connective tissue of the dermis (white arrow) can be seen; lhe closed arrow points 

ai the interior of the blood vessel (400X). (G) Delails of the inflammatory infiltrate 

show neulrophils (closed arrows) as involved cells (1000X). (H) Delails of dermis 

showing colleclions of leukocyles infillraled inlo lhe conneclive lissue (closed 

arrowheads) and a profuse disorganizalion of collagen fibers (closed arrows), 

(400X). (I) Details of lhe dense connective tissue showing disorganization of 

collagen fibers (closed arrows), a collection of inflammatory cells (closed 

arrowheads) and a proteinaceous network diffused among collagen fibers (open 

arrows), (200X). (J) Positive immunohistochemical reaction using anti-fibrinogen 

antiserum supporting the nature of lhe proteinaceous network in lhe dermis as 

fibrin and evidencing plasma exudation (closed arrowheads), (430X). (K) Delails ot 

a blood vessel showing an intravascular fibrin network with adhered leukocytes 

(closed arrows), (630X). (L) A congested blood vessel showing intravascular 

clotting (closed arrowheads), collections of adhered leukocytes inside connective 

tissue (white arrow) and leukocytes infillrating the surrounding conneclive tissue 
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(closed arrows), (200X). (M) Dísorganízatíon of subcutaneous skeletal muscle 

fibers (closed arrows) supportíng the presence of muscular oedema and 

ínfiammatory ínfiltratíon (closed arrowheads), (200X). 

Figure 3 Histopatho/ogica/ findings of lhe skin of rabbits 12 hours after L. 

intermedia envenomation 

(A) Macroscopíc appearance of a shaved area of the skín showing the beginning of 

the characterístíc gravítatíonal spread of the lesíon; the open arrow points at the 

site of venom injection with haemorrhage; closed arrows point to the spreadíng of 

the lesíon with swellíng, haemorrhage and erythema dístant Irem the síte of venom 

exposure. (B) Examínatíon of the epídermís revealed no pathologic abnormalíties. 

Closed arrowheads poínt at preserved keratinized cells and closed arrows show 

epithelial cells; open arrows denote disrupted collagen bundles confirmíng oedema 

of loose connectíve tíssue, (400X). (C) lnsíde the dermís, hair follicles reveal 

sígnals of dísorganízatíon and necrosis (open arrows), (200X). (D) Disorganization 

of collagen fibers (closed arrows), cellular debrís and fibrin deposíton are visible 

(open arrows) in the dermis, confirming oedema and plasma exudation, (1000X). 

(E) Also, a diffuse infiltration of inflammatory leukocytes ís evident in the dermis, 

(closed arrows) (200X). (F) Adense band of leukocytes (closed arrows) is present 

in the dermis (100X). (G) Details ofa blood vessel show necrotic thrombosis (open 

arrow) anda degenerated vessel wall (closed arrow) (200X). (H) Disorganization of 

skelectal muscle fibers showing oedema and infiltrated leukocytes in the 

interstitium (closed arrows) (200X). (I) A collection of leukocytes infiltrated among 
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muscle fibers (open arrows) as well as areas of myolysis (closed arrows) are 

evident (400X). 

Figure 4 Histopatho/ogk;af abnormafities of lhe skin of rabbits induced 24 

hours after L intermedia venom exposure 

(A) Macroscopically, a white halo of ischemic tissue appears at the injection site 

( closed arrow). The g ravitational spreading of the lesion is increased compared to 

12 hours and lhe area assumes a dark colour (white arrow). (B) The epidermis 

structures show some changes (white arrows), with normal epithelial cells (closed 

arrows), darkened stratum corneum and disorganized collagen fibers (closed 

arrowheads) (200X). (C) In the dermis, hair follicles show necrotic degeneration 

(closed arrowheads), and fibrin deposition and erythrocyte debris surrounding hair 

structures are also seen (closed arrows); infiltrated leukocytes are detected (white 

arrow), (200X). (D) Thrombosis (closed arrowhead), with massive accumulation of 

leukocytes with peripheral orientation inside blood vessels (closed arrows) anda 

marked diapedesis, is also noted (white arrow), (200X). (E) A palisade of 

inflammatory cells is evident in the dermis (closed arrows), (1 OOX). (F) Details of 

neutrophils involved in lhe inflammatory reaction (closed arrows), (1000X). (G) 

Disturbed dermal collagen fibers (closed arrows), fibrin deposits (closed 

arrowheads) and collections of leukocytes (white arrows), (100X). (H) Analysis of 

subcutaneous skeletal muscle shows prominent myonecrosis (closed arrows), 

(200X). 
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Figure 5 Histopathological features of the skin of rabbits 2 days after L. 

intermedia envenomatiom. 

(A) Macroscopically, lhe lesion shows a hardened and reddened area (closed 

arrow) at lhe site of venom injection, and lhe gravitational spreading also becomes 

indurated and dark (white arrow) with diffuse erythema (closed arrowheads). (B) 

Microscopic examination reveals epidermal necrosis (closed arrows) with diffuse 

points of dermal necrosis (closed arrowheads), (200X). (C) The hair follicles are 

necrotized (closed arrows) and surrounded by a massive presence of 

extravascular red blood cells (closed arrowheads), (200X). (D) Details of lhe 

dermis show marked haemorrhage (clased arrows), and diffuse necrotic points 

(closed arrowheads) in connective tissue (400X). (E) Less affected areas of lhe 

dermis immediately adjacent to the necrotic areas show disturbed collagen fibers 

(closed arrows), collection of leukocytes (closed arrowheads), and fibrin deposition 

(white arrows) (100X). (F) A very prominent palisade of leukocytes (white arrows) 

can be seen at lhe interface of lhe dermis (closed arrows) with subcutaneous 

muscle (closed arrowheads), (100X). (G) Details of the leukocyte palisade indicate 

lhe presence of neutrophil cells (closed arrowheads),(1.000X). (H) Granulation 

tissue appears at this time at lhe interface of subcutaneous muscle with lhe dermis 

(closed arrowheads), (200X). (I) Details of tissue repair show proliferation of 

fibroblasts (closed arrowheads) and new blood vessel formation (closed arrows); 

details of muscle tissue show diffuse myonecrosis (white arrows), (400X). 
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Figure 6 Histo/ogica/ appearance of rabbit skin 5 days after h· intermedia 

envenomation 

(A) Macroscopic view of a dermonecrotic lesion. An eschar indurated as a 

reddened halo appears at the injection site (closed arrow) and a darkened eschar 

extends around it due to gravitational spread of lesion (white arrow). (B) An 

impressive necrosis of epidermis (closed arrows) and immediately adjacent dermis 

(closed arrowheads), (200X) is visible. (C) Debris of destroyed hair follicles are 

shown (closed arrows). Peripheral areas of the dermis are also completely 

necrotized (closed arrowheads), (200X). (D) lmmediately adjacent to the leukocyte 

palisade (white arrows) a bed of granulation and fibrous tissue is noted (closed 

arrows), (1 OOX). (E) Details of the leukocyte band indicate the presence of 

neutrophils (closed arrows), (1000X). (F) Details ofthe interface ofgranulation and 

muscle tissue showing calcifications points (closed arrows), fibrous tissue (closed 

arrowheads) and myonecrosis (white arrows), (1 OOX). (G) Details of subcutaneous 

muscular tissue indicating massive myonecrosis (closed arrowheads) and 

infiltration of repa1ring fibroblasts (interstitial fibrosis), (closed arrows), (200X). 
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Conclusões Finais 

A partir dos experimentos e resultados mostrados neste trabalho, 

podemos concluir: 

1. As glândulas produtoras e secretoras de veneno da aranha marrom L 

intermedia existem aos pares por animal. Histologicamente são estruturas 

fusiformes, possuindo duas camadas de musculatura estriada, uma externa 

bastante ramificada e outra interna em contato direto com uma lâmina basal 

que separa o tecido muscular do epitélio secretor de veneno. As células 

musculares são multinucleadas, com os núcleos localizados 

perifericamente, têm citoplasma rico em retículo endoplasmático liso, 

miofibrilas e linhas Z contínuas. As células epiteliais secretoras são do tipo 

glandular simples, com núcleo basaí e grande quantidade de eucromatina. 

As porções citoplasmáticas mostram sinais de intensa atividade secretora, 

possuem grande quantidade de interdigitações, invaginações de 

membranas, proeminente retículo endoplasmático rugoso, lojas 

mitocondriais, evidente complexo de Golgi e enorme quantidade de 

vesículas secretárias. A secreção é do tipo holócrina. 

2. O veneno de L. intermedia é uma mistura complexa da proteínas e 

peptídeos, enriquecido em prote1óas de baixa massa molecular entre 5-40 

kOa, mas contendo também proteínas de alta massa molecular menos 

expressas. 

3. No veneno de L Ji1termedra obtido por eletrochoque, existem duas serino

proteases de 85 kDa e 95 kDa, as quais são gelatinolíticas, têm pH ótimo 

entre 7,0 e 8,0 e podem ser ativadas por tratamento exógeno com tripsina. 

4. No veneno de L. intermedia obtido por eletrochoque, existem duas 

metaloproteases, a Loxolisina A, com 20-28 kDa de massa molecular e 

atividades fibronectinolítica e fibrinogenolítica; e a Loxolisina B, com 32-35 

kDa e atividade gelatinolítica. 



5. As mesmas atividades gelatinoliticas , fibronectinoliticas e fibrinogenolíticas 

dependentes de metaloproteases são detectadas no veneno extrato 

glandular de L. intermedia, descartando possíveis contaminações com 

egesto digestivo no veneno obtido por eletrochoque. A presença de 

proteases também é preservada no veneno glandular de L. /aeta. 

6. O veneno de L. mtermedia contém glicoproteínas N-glicosiladas do tipo alta

manoses e fucosilad as. mas não contém proteoglicanos. A Loxolisina B é 

uma glicoproteína do tipo alta-manose. 

7. O veneno de L. intermedia apresenta atividade proteolítica e disruptiva 

sobre a membrana basal do sarcoma murino de EHS, degrada a entactina e 

o núcleo protéico do heparam sulfato proteoglicano presente nas lãminas 

basais, atividades estas dependentes de metaloproteases, mas não tem 

atividade direta sobre a laminina, o colágeno tipo IV ou glicosaminoglicanos 

do tipo heparam sulfato. 

8. O veneno de L intermedia tem atividade citotóxica direta sobre células 

endoteliais em cultura ou in vivo nos vasos sangüíneos da pele de coelhos 

experimentalmente expostos ao veneno. 

9. Da atividade fibrinogenoHtica causada pelo veneno de L. intermedia, o 

veneno parcialmente degrada as cadeias Aa e B~ da molécula de 

fibrinogênio in natura, e significativamente degrada todas as cadeias Aa, B~ 

e y do fibrinogênio desnaturado. Esta atividade fibrinogenolítica é 

dependente de uma metaloprotease de aproximadamente 30 kDa no 

veneno de L. intermedia e está conservada nos venenos de L. laeta e L 

gaucho. 

10. Da histopatologia da pele induzida experimentalmente em coelhos com 

veneno de L. intermedia, existe em nível macroscópico inchaço e 

hemorragia local nas primeira 4 horas, espalhamento gravitacional da lesão 

em 12 horas e aparecimento de escara e necrose entre 24 e 48 horas. Em 



nível microscópico existe edema do tecido conectivo e mesmo muscular 

subcutâneo, degeneração de vasos sangüíneos, exudação de plasma, 

trombose, acúmulo de leucócitos do tipo PMN, com profunda diapedese na 

derme e mesmo musculatura adjacente, mionecrose e necrose coagulativa. 

11.A bactéria anaeróbica C/ostridium perfringens pode ser isolada do veneno e 

quelíceras da aranha L. intermedia capturadas da natureza. A associação 

experimental do veneno de L. intermedia e a bactéria C/ostridium 

perfringens produz lesão dermonecrótica mais acentuada em coelhos, 

quando comparada á lesão induzida pelo veneno sozinho, sugerindo da 

participação destas bactérias como agentes potencializadores das lesões 

dermonecróticas. 


