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RESUMO

Peconhas de vespas sio capazes de produzir uma variedade de efeitos biologicos,
tais como dor, edema, hipotensdo, hepatotoxicidade e reacdes alérgicas. Com a excecdo da
pegonha da abelha Apis mellifera e de algumas (poucas) especies de vespas socials, as
pegonhas de himenopteros brasileiros tém sido pouco estudadas. Neste trabalho,
caracterizamos farmacologicamente as atividades nas pegonhas de trés espécies de vespas
sociais da familia Vespidae (Polybia chrysothorax, Pseudopolybia compressa e Polybia
rejecta) e duas espécies de habitos solitarios, da familia Scolidae, do género Pypper
(Pypper sp. 1 e Pypper sp. 2), todas da regido nordeste do Brasil. Especificamente,
avaliamos a atividade sobre musculo liso (ileo isolado de cobaia), a cardiotoxicidade em
coragio semi-isolado de barata, € a acdo sobre neurotransmissdo em nervo sensorial de
crustaceo (siri azul, Callinectes danae) e em jungdio neuromuscular (preparagdo nervo
frénico-diafragmo) de camundongo. As pegonhas das trés espécies sociais contrairam o ileo
isolado de cobaia na faixa de 0.001-100 pug/ml (dependendo da pegonha), com CEse de 0,25
+ 0,05 pg/ml, 8,75 + 1,25 ug/ml e 7,65 + 1,85 ug/ml, (médiaxEPM, 1=4) para Polybia
chrysothorax, Polybia rejecta e Pseudopolybia compressa, respectivamente. As pegonhas
do género Pypper eram inativos neste tecido. A pré-incubagdo dos tecidos com atropina
(antagonista dos receptores muscarinicos, 10 uM), metisergida (antagonista dos receptores
5.HT, da serotonina, 10 M), e pirilamina (antagonista dos receptores Hi da histamina, 10
uM) inibiu a atividade contratil das trés pegonhas sociais enquanto que © Hoe-140
(antagonista dos receptores B; da bradicinina, 1 pM) néo afetou as respostas. Estes
resultados indicam que as pegonhas sociais contém aminas biogénicas (acetilcolina,
histamina e serotonina) mas sdo destituidas de cininas. As trés pegonhas (1-100 ug)
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mostraram atividade cardiotoxica em coragiio semi-isolado de barata, sendo que as mais
potentes foram P. chrysothorax e P. compressa, as peconhas do género Pypper eram
inativas nesta preparagio. A investigacdo dos possiveis mecanismos responsaveis por este
efeito através do usc de antagonistas/inibidores indicou que ndo houve envolvimento de
aminas das peconhas e que a causa mais provavel era uma atuacdo a nivel de canais
i6nicos, especialmente os de sodio e, em grau mernor, os de potassio. A dosagem da
atividade fosfolipasica das peconhas mostrou a seguinte ordem de poténcia: P.
chrysothorax/P. compressa > P. rejecta >> Pypper spp., porém esta atividade parece
contribuir pouco para os efeitos observados uma vez que a indometacina apenas retardou o
inicio da cardiotoxicidade. Na neurotransmissio, as peconhas de P. chrysothorax e P.
compressa (100 ug cada) aumentaram a atividade elétrica espontinea (disparo de potenciais
de agdo) do nervo sensorial de crusticeo de forma semelhante ao efeito causado pela
brevetoxina (10° M), uma toxina marinha que age no mecanismo de portdo do canal de
sodio. As pegonhas também inibiram o potencial de acdo do mervo em experimentos de
“sucrose gap”, efeito este que foi abolido pela tetrodotoxina (10° M), blogueador de canais
de sodio voltagem-dependentes. Nestes experimentos, as pegonhas de F. rejecta e do
género Pypper eram inativas. As peconhas das duas espécies sociais P. chrysothorax e P.
compressa (25-100 pg/ml), mas ndo da social P. rejecta e das solitarias, inhibiram da
neurotransmissdo em preparagdes nervo frénico-diafragmo de camundongo (tempo para
bloqueic de 50% da resposta contratil: 40 + 5 min (0= 3) e 57 + 3 min (= 3),
respectivamente, na concentragio de 100 ug/ml). Esta inibigéo era irreversivel por lavagem
das preparacdes. As peconhas sociais também despolarizaram a membrana da fibra

muscular ¢ da placa terminal da junciio neuromuscular. Estes achados sugerem uma agio
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pos-sinaptica com possivel envolvimento pré-sinaptico. As trés peconhas produziram
alteracdes morfologicas no musculo do diafragma compativeis com a mionecrose €
correlacionada & sua atividade fosfolipasica. O fracionamento das pegonhas de Z.
chrysothorax e P. compressa por HPLC em coluna de fase reversa Cis resultou em varios
picos. O principal destes da pegonha de P. chrysothorax foi sequenciado. A seqiiéncia
obtida (ARSLLEGLGIRRGSA), indicou que o peptideo pertence a familia de peptideos
conhecidos como pompilitodotoxinas (PMTX), a qual contém duas isoformas, a-PMTX e
B-PMTX, purificados das peconhas das vespas solitarias Anoplius samariensis e
Batozonellus maculifrons, respectivamente. Esta toxina reproduziu a cardiotoxicidade em
coracio de barata e o bloqueio de neurotransmissdo em crustaceos observados para a
peconha de P. chrysothorax. Os resultados deste estudo indicam que as pegonhas
investigadas possuem varias atividades biologicas. A demonstragdo de que as agdes cardio-
¢ neurotoxicas da pegonha de P. chrysothorax eram devidas em grande parte a presenca de
uma isoforma de PMTXs sugere que peconhas de espécies de vespas sociais podem servir

de fontes para moléculas com potencial utilidade como inseticidas.
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INTRODUCAO

Peconhas de Himenoptera, particularmente das familias Apidae (abelhas) e
Vespidae (vespas), sdo uma rica fonte de peptideos e proteinas com atividades biologicas.
A pegonha de abelha é notavel pelo contelido de melitina, apamina e peptideo degranulador
de mastocitos (mast cell degranulating peptide - MCD), mas ndo contém cininas, a0 passo
que estes Gltimos peptideos sdo encontrados em muitas pegonhas de vespas e vespdes que,
por sua vez, ndo contém melitina, apamina ou peptideo MCD (HABERMANN, 1972,
EDERY ef al, 1978, O'CONNOR e PECK, 1978). Além de peptideos e proteinas,
pegonhas de vespas também contém substdncias de baixo peso molecular, tais como
aminoacidos, aminas e catecolaminas (HABERMANN, 1972; EDERY er al, 1978,

NAKAJIMA, 1984; PIEK, 1991; GRIESBACKER ef al., 1998) (Tabela 1).

1. Substancias de baixo peso molecular
1.1. Acetilcalina

A presenca de acetilcolina tem sido relatada em pegonhas de vespideos do género
Vespa crabro (HABERMANN, 1972) e V. orientalis (EDERY et al., 1972). A acetilcolina
encontrada na pegonha destes vespideos € responsavel pela maioria dos efeitos provocados

em alguns sistemas bioldgicos testados (EDERY ez al., 1978).
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1.2 Aminas biogénicas
1.2.1 Histamina

A histamina ¢ uma amina tecidual e estd presente como um componente livre da
pegonha de abelhas, vespas e serpentes (HABERMANN, 1972; EDREY e al.,, 1978). Em
humanos, a histamina da pegonha vespideos contribue para a reagdo de dor e vasodilatagio

local que acompanha a picada (EDERY er af., 1978).

1.2.2 5-Hidroxitriptamina (5-HT)

A 5-HT ou serotonina ocorre em grande variedade de pegonhas de artropodes, sendo
encontrada também no conjunto do aparato de ferrio de varias espécies de vespas
(HABERMANN, 1972, EDERY e al., 1978). A 5-HT promove a penetragdo do veneno na
celula por aumento da permeabilidade celular (HABERMANN, 1972). Por outro lado, tem
sido postulado que a 5-HT, sendo um potente algbgeno, estenderia a contribuigdo para a
resposta global de dor elicitada pela pegonha. A este respeito deve ser lembrado que a 5-HT
potencializa o efeito algogénico de outras substéncias produtoras de dor, além de estimular

as terminagBes nociceptivas (RANG e DALE, 1993; GOODMAN et al, 1996).



Tabela 1. Principais constituintes de varias pegonhas de abelha, vespa e vespao.

Abelha Vespa Vespao (Vespidae)
Aminas biogénicas
Acetilcolina +
Dopamina + +
Histamina + + +
Noradrenalina + +
Serotonina +
+
Peptideos
Apanuna +
Cininas +
Melitina +
MCD +
+ +
Enzimas
Fosfolipase A + + +
Fosfolipase B + + +
Hialuronidase + +

Fonte: HABERMANN (1972). MCD - peptideo degranulador de mastdcito.



1.2.3 Dopamina, noradrenaling e adrenalina

A concentragio de dopamina em peconhas de vespas ¢ maior quando comparada
com a de outras catecolaminas. Por outro lado, os niveis de dopamina, noradrenalina e
adrenalina variam consideravelmente dentre as diferentes espécies de vespas e abelhas. A
dopamina acelera a freqiéncia cardiaca de artropodes, aumentando a circulagdo da
hemolinfa, facilitando uma rapida distribuicio de outros componentes téxicos da peconha
(HABERMANN, 1972). Em humanos, as catecolaminas podem ser responsaveis pelo
“efeito empalidecedor” da pele apos a picada (EDERY er al., 1972), devido 2
vasoconstricdo e reducdo de sangue no local. Um efeito adicional das catecolaminas de
peconha de vespideos seria a sensibilizagio dos receptores nociceptivos para algdgenos

(HABERMANN, 1972).

1.3 Aminoacidos

Estudos comparativos ja demonstraram a presenca de amino 4cidos neuroativos em
pegonha de vespdes (género Vespa e Vespula) (ABE et al., 1989). Estas substincias agem
COmO neurotransmissores inibitorios, no caso dos @-amino acidos GABA, B-Ala, Tau e Gly
(CURTIS e WALKINS, 1965) e excitatorios, no caso da Glu, neurotransmissor na jungdo
neuromuscular de insetos e que estd presente em grande quantidade em pegonha de Vespa ¢
Vespula (USHERWOOD er al, 1968; ABE et al., 1983,, 1989). Quantidades grandes

destes aminoacidos transmissores promovem paralisia em insetos imjetados (ABE ef al.,

1989).



1.4 Peptideos

Alguns peptideos bioativos, tais como as cininas, mastoparanos, neurotoxinas e
peptideos quimiotacticos tém sido isolados e caracterizados da peconha de vespideos
(YOSHIDA et al., 1976, HO et al., 1998). Varios destes peptideos tém papel importante na

dor, inflamacio e inchago que freqiientemente ocorrem depois da picada.

1.4.1 Cininas

As cininas sio encontradas em pegonhas de varios grupos de Himenoptera,
incluindo vespas sociais (Vespidae), trés familias de vespas solitarias (Scoliidae, Tiphiidae,
Mutiliidae) e formigas (Formicidae) (PIEK, 1991). As cininas de pegonhas de vespas
variam de 9 a 18 aminoacidos e sdo analogas as cininas de mamiferos, contendo na sua
estrutura basica quase a mesma seqiiéncia de aminoacidos que a bradicinina de mamiferos.
Algumas cininas de vespideos contém carboidratos, como no caso das cimnas de
Paravespula maculifrons (YOSHIDA et al., 1976) (Tabela 2).

As propriedades farmacolégicas das cininas de vespas sio semelhantes as das
cininas encontradas em mamiferos (HABERMANN, 1972; NAKAJIMA er al, 1985).
Estes peptideos provavelmente sdo os responséveis por boa parte da dor sentida apos a
picada. Em insetos, as cininas de peconhas de vespas bloqueiam a neurotransmissdo pre-
sinaptica no sistema nervoso, levando & paralisia (HORI ez al,, 1977, PIEK, 1991). As
cininas conhecidas come megascoliacininas {YASUHARA et al., 1987), da pegonha da
vespa Megascolia flavifrons, bloqueiam os receptores nicotinicos de acetilcolina (PIEK,

1991).

(7]
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1.4.2 Mastoparanos

Os mastoporanos sio tetradecapeptideos catibnicos ricos em aminodcidos
hidrofdbicos, tais como alanina, isoleucina e leucina (PIEK, 1984: NAKAJIMA et al.,
1985). A Tabela 3 mostra a seqiiéncia primaria de alguns mastoparanos. Em todos os €asos,
estes peptideos tem lisina nas posi¢des 4, 11 e 12 (CHUANG et al., 1996).

As agbes biologicas dos mastoparanos em varios tipos de células incluem a
liberacio de serotonina de plaquetas de coelho, a liberacgo de catecolaminas e adenilato da
adrenal bovina, hemolise de células cromafins renais e liberac@o de histamina de mastocitos
peritoneais de ratos (NAKAJIMA e al., 1998). A acio dos mastoparanes parece envolver
multiplas vias de transducdio de sinal através de uma ativagio direta de proteinas G,
aumentando a atividade da GTPase e levando a diversas conseqiiéncias intracelulares
(HIGASHIJTIMA et al., 1998). O mastoparano B isolado da peconha da Vespa basalis causa
profunda queda na pressdo sangiiinea e disfungdo cardiaca ap0s inje¢do intravenosa em
ratos, © que sugere um possivel envolvimento deste peptideo mnos distirbios
cardiovasculares observados com a pegonha (HO ef af., 1994). Os mastoparanos também
possuem potente atividade hemolitica, a qual atua em sinergia com uma proteina letal com
atividade fosfolipasica A; presente na pegonha da ¥. basalis (HO e KO, 1988), causando

hemolise e hemoglobinuria antes da morte em ratos.
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Tabela 2. Cininas de pegonhas de Hymenoptera: comparacdo com cininas de mamiferos.

1.2 3 4 5 6 7 9.

Bradicinina (BK) Are-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg
Kalidina (Lys-BK) - Cimnas de mamaiferos Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg
Met-Lvs-BK Met-Lys-Arg-Pro-Pro-Glv-Phe-Ser-Pro-Phe-Arg
Vespa analis Gly-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-Val-lle
Vespa mandarinia Gly-Arg-Pro-Hyp-Glv-Phe-Ser-Pro-Phe-Arg-lle-Asp
Vespa tropica Gly-Arg-Pro-Pro-Glv-Phe-Ser-Pro-Phe-Arg-Val-Val
Vespa xanthoptera Ala-Arg-Pro-Hyp-Gly-Phe-Ser-Pro-Phe-Arg-He-Val
Carbo. Carba.
Paravespula maculifrons Thr»Ala-Th;}Tﬁ;-Arg-Arg-Arg-Giy~ Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg
Paravespula lewisit 'I”hr-Ala—"l[hpThr-Lys-ArgwArg-Gly- Arg-Pro-Pro-Glv-Phe-Ser-Pro-Phe-Arg
NacGal
Gal
Polistes fuscatus
Polistes exclamans pGlu-Thr-Asn-Lys-Lys-Lys-Leu-Arg-Gly- Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg

Polistes annularis
Polistes rotimeyi Arg-Pro-Pro-Gly-Phe-Thr-Pro-Phe-Arg
Ala-Arg-Arg-Pro-Pro-Glv-Phe-Thr -Pro-Phe-Arg

Arg-Arg-Arg-Pro-Pro-Giv-Phe-Ser-Pro-Phe-Arg

Polistes jadwigae Arg-Arg-Arg-Pro-Pro-Gly-Phe-Thr -Pro-Phe-Arg
Arg-Thr-Arg-Pro-Pro-Glv-Phe-Ser-Pro-Phe-Arg
Polistes chinensis Ser-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg
Parapolybia indica pGlu-Gix-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg -Lys
Megascolia flavifrons Arg-Pro-Pro-Gly-Phe-Thr -Pro-Phe-Arg

Arg-Pro-Pro-Gly-Phe-Thr -Pro-Phe-Arg-lys-Ala
Colpa interrupta Arg-Pro-Pro-Gly-Phe-Thr -Pro-Phe-Arg

Fonte: PIEK (1991). As sequéncias sublinhadas correspondem 4 bradicinina. Carbo. - carbohidrate. Em negrite, os

aminacidos que diferem da bradicinina.



Tabela 3. Seqiiéncia primaria dos mastoparanos MP, MP-X e MP-B.

MP Ilc - Asn -Leu -Lys -Ala -Len -Ala -Ala -Leu -Ala -Lys -Lys -lle -Leu -NH, |
MP-X lie -Asn -Trp -Lys -Gly -Hle -Ala -Ala -Met -Ala -Lvs -Lys -Leu -Leu -NHS,
MP-B Leu-Lys -Leu -Lys -Ser -He -Val -Ser-Trp -Ala -Lys -Lys -Val -Len -NH.

Fonte: CHUANG ez al. (1996). Em negrito, os aminoacidos que diferem do MP

1.4.3 Neurotoxinas

A atividade neurotéxica da pegonha de vespas ¢ bastante conhecida ¢ indica a
presenca de uma variedade de toxinas com agdio no sistema nervoso, principalmente de
insetos e crustaceos (PIEK e SIMON THOMAS, 1969, GAWADE, 1983; PIEK, 1984). A
aglo destas toxinas pode ser periférica (pré ou pés-sinaptica) ou central, Até o momento,
em somente um pequeno nimero destas espécies a pegonha tem sido estudada.

A pegonha do vespdo gigante Vespa mandarina, agressivo inseto do leste e sul da
Asia, cuja picada pode levar a morte em homens e animais domésticos, contém uma
neurotoxing, a mandaratoxina (MDTX; peso molecular, 20.000), com potente a¢io sobre a
neurotransmissdo periférica (ABE ef al, 1982). Em preparagdes neuromusculares de
lagosta, a aplicacio desta toxina em quantidades nanomolares reduz a corrente de sodio nas
fibras nervosas pré-sinapticas e, conseqiientemente, abole o potencial de agio pos-
sindptico, sem alterar o potencial de repouso da membrana pos-sinaptica. A pecgonha da

vespa Microbracon hebetor também exerce agio pré-siniptica em insetos através das



toxinas A-MTX e B-MTX com pesos moleculares de 43.700 e 56.700, respectivamente
(VISSER et al., 1983).

Peconha de vespas sociais do género Vespa, tais como a V. insularis (HORI ez al.,
1977; KAWAI et al, 1979) ¢ V. mandarina (KAWALI et al., 1980), contém neurotoxinas
com aglo pos-sindptica que envolve a abertura de canais de cloreto. No caso da vespa
solitaria Philanthus triangulum, a aglo pos-sinaptica € exercida pelas poliaminas
filantotoxinas (o, B e v) que bloqueiam canais juncionais e extrajuncionais da fibra
muscular, reduzindo sua freqiiéncia de abertura (PIEK, 1982; KITS e PIEK, 1986); a o~
filantotoxina pode também exercer uma agdo central (PIEK, 1984). Toxinas poliaminas
formam uma classe de compostos de baixo peso molecular, isolado de pegonhas de aranhas
e vespas € que $30 os antagonistas de ndo-seletivos de receptores ionotropicos como 0s de
glutamato e receptores nicotinicos de acetilcolina (ELDEFRAWI et al., 1988; BLASCHKE
et al., 1993; MUELLER et al., 1995; STRMGAARD et al., 2001). A o-pompilidotoxina
(a-PMTX), um tridecapeptideo isolado da pegonha da vespa aranha Anoplius samariensis
(espécie solitaria), facilita a neurotransmissdo em preparagdes de crustaceos atraves de uma
acdo pos-sinaptica (KONNO er al., 1997, 1998) e pré-sinaptica, inativando a corrente de
sddio de axonio de artropodes (KONNO et al,. 2000; SAHARA et al., 2000). Toxina
semelhante, denominada 3-pompilidotoxina (B-PMTX), também foi encontrada na peconha
de outra vespa aranha, Batozonellus maculiforns, e difere da o-PMTX na posi¢io 12 onde a
lisina é substituida pela arginina (Tabela 4). Em preparagdes neuromusculares de lagosta, a
B-PMTX atua de modo semelhante & «-PMTX, porém ¢ mais potente (KONNO ef al,

1998).
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Tabela 4. Seqiiéncia primaria das pompilidotoxinas (PMTX) ct e B.

o-PMTX | Arg-lle-Lys-Tle-Gly-Leu-Phe-Asp-Lys-Leu-Ser-Lys-Leu-NH,

B-PMTX | Arg-lle-Lys-Ile-Gly-Leu-Phe-Asp-Lys-Leu-Ser-Arg-Leu-NH,

Fonte: Konno ef al. (1998). Em negrito, 0 aminoécido que difere da o-PMTX.

1.4.4 Peptideos quimiotdcticos

Os peptideos quimiotacticos sio tridecapeptideos com elevado contetido dos
anunoacidos Gly, Ile, Leu e Phe. Na pegonha da vespa social Vespa tropica, estes
moléculas correspondem ao segundo maior grupo peptidico e foram as primeiras moléculas
quimiotacticas a serem caracterizadas estruturalmente em pegonhas de artropodes (HO et
al., 1998). Na relagio estrutura-atividade, estes peptideos contém a seqiiéncia tripeptidica
FLP que ¢ importante na interagdo entre o peptideo e o receptor quimiotictico de
neutrofilos. Os peptideos quimiotacticos possuem apenas 20% da atividade liberadora de
histamina encontrada nos mastoparanos (NAKAJIMA ef al., 1985). Comparado com outros
peptideos, a distribuigdo de peptideos quimioticticos em pegonhas de vespas tém sido bem

menos estudadas.

2 Substincias de alto peso molecular
Peconhas de himenépteros contém, além de aminas e petideos (ver acima), enzimas,
dentre elas: fosfolipase A, fosfolipase B e hialuronidase (EDERY ef al, 1978:

HABERMANN, 1972; HO ¢ KO, 1988).



2.1 Hialuronidase

A hialuronidase ¢ considerada como responsavel pela difusio no sitio de mnoculagdo
da peconha por meio da despolimerizacdo do acido hialurénico (ALLALOUF ¢t al, 1972;
Edery et al., 1978). A fungiio deste componente da pegonha de vespas pode ser associado,
juntamente com a fosfolipase e o antigeno 5, uma proteina um alergénio com importante a e
comportamento imunologico encontrada em pegonhas de vespideos, as reacdes alérgicas e
atividades anafilaticas que acometem algumas vitimas de picadas de vespas (HOFFMAN et
al, 1984, 1985; LITTER e al., 1985; KING ef al., 1996; HENRIKSEN et al., 2001;

PIRPIGNANI e al., 2002).

2.2 Fosfolipases

Peconhas de vespas contém FLA, (VARGAS-VILLARREAL ef al., 1991; KING ef
al, 1994; HO e KO, 1988), FLA, (OLIVEIRA e PALMA, 1998) ¢ FLB (KING et al.,
1984; TAKASAKI e FUKUMOTO, 1989), sendo que esas enzimas s3o importantes
alérgenos da pegonha (LITTER et al., 1985; HOFFMAN et al., 1985; KING et al., 1996).
As fosfolipases A estio envolvidas na liberagio de 4cidos graxos (FLA;) e acido
araquidénico (FLA;) dos fosfolipideos de membranas celulares. O acido araquiddmico por
sua vez pode ser metabolizado para prostaglandinas, tromboxanos e leucotrienos,
importantes mediadores da inflamacdo. A FLA € capaz de produzir uma série de efeitos
farmacoldgicos, tais como contragdo de musculo liso, queda da pressdo arterial, aumento da
permeabilidade capilar e degranulagio de mastocitos (HABERMANN, 1972). As FLA
podem também interferir com a transmissdo neuromuscular (EDERY et al., 1972). AFLA;

presente na pegonha do vespio Vespa basalis € uma proteina letal que hidrolisa



fosfolipideos (fosfatidilcolina e liso-fosfatidilcolina) e exerce uma acio hemolitica em

eritrocitos do sangue de ratos e cobaias (HO e KO, 1988).

3 Toxinas inseticidas

Conforme ja indicado acima, pegonhas de vespas € vespdes contém uma variedade
de neurotoxinas, muitas das quais so especificas para insetos. Um grande numero de
neurotoxinas inseto-seletivas também tem sido isoladas de pegonhas de escorpies ¢
aranhas. As propriedades inseticidas s#o atribuidas a afinidade especifica ¢ exclusiva da
ligagdo com os tecidos (receptores) de insetos. Por exemplo, a peconha da aranha vitiva-
negra da familia Theridionae contém a o-latrotoxina que causa uma rapida liberaggo de
neurotransmissres dos botdes pré-sinapticos (LONGENECKER ef ai., 1970}, uma outra
toxina de aranha, da familia Agelenidae, w-agatoxina age nos canais de Ca®” {(ADAMS er
al, 1990; MINTZ ef al, 1992) e também PhTx-4 da peconha da aranha Phoreutria
nigriventer que inibe os receptores de glutamato e age nos canais de sodio despolarizando a
membrana muscular e o nervo motor de insetos e mamiferos (FIGUEIREDO et al., 2001).
As o-toxinas e P-toxinas sdo polipeptideos neurotdxicos presentes em peconhas de
escorpides dos géneros Androctonus, Buthus, Buthotus e Leiurus que associam-se aos sitios
3 e 4, respectivamente, dos canais de sodio de nervos, misculos e tecidos gladulares de
mamiferos e insetos (LI e al., 2000, BEN KALIFA et al., 1997; SAUTIERE et al, 1998;
PELHATE e ZLOTKIN, 1982). Para peconha de vespas, além das fosfolipases (VARGAS-
VILLAREAL er af, 1991; HO e KO, 1988; OLIVEIRA e PALMA, 1998: COSTA e

PALMA, 2000) que sdo capazes de produzir uma série de efeitos farmacologicos, estio
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presentes cininas neurotOxicas em Polistes e Scoliides, as quais causam blogueio pré-
sinaptico da transmissio colinérgica no sistema nervoso de insetos (PIEK, 1991). Os
peptideos neurotéxicos o e B-pompilidotoxinas (o e B-PMTXs) isoladas das vespas
solitarias Anoplius samariensis e Batozonellus maculifrons, respectivamente, apresentam
como ac3o um atraso na inativagdo da corrente de sodic (KONNO et al., 1997, 1998, 2000;
SAHARA ef al., 2000).

Considerando que aranhas, escorpides e vespas séo predadores naturais de insetos,
os estudos destas inseto-toxinas podem promover a descoberta de novas moléculas para o

desenvolvimento de novos inseticidas e biopesticidas.
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OBJETIVOS

O presente estudo propds:

1- Investigar as atividades cardiotoxicas e neurotoxicas das pegonhas de vespas
neotropicais em preparagdes de artropodes.

2- avaliar as atividades sobre musculo liso e jungdo neuromuscular de mamiferos,

com o intuito de comparar as agdes tOxicas e a caracterizagdo dos componentes

ativos presentes nestas pegonhas.
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SO TTRISCEE activity Of vespid venoms

Abstract

Wasp venoms contain a variety of low molecular weight substances, including amino
acids, amines and bioactive peptides, many of which contribute to the effects of
envenomation. In this work, we examined the smooth muscle contracting activity of venom
from three species of neotropical social wasps (Polybia chrysothorax, Polybia rejecta and
Pseudopolybia compressa, family Vespidae) found in northeastern Brazil. All three venoms
produced concentration-dependent contractions in guinea pig isolated ileum with ECsy of
0.25+0.05 875+ 1.25and 7.65 + 1 85 pug/ml (mean+S.E M., n=4) for P. chrysothorax, P.
rejecta and P. compressa, respectively. The shapes of the dose-response curves for P.
chrysothorax and P. rejecta were very similar, whereas that of P. compressa was less steep.
Pretreating the tissues with atropine (muscarinic receptor antagonist), methysergide (5-HT,
receptor antagonist) or pyrilamine (H; receptor antagonist) blocked the contractile activity
of the venoms to varying degrees. In contrast, Hoe-140, a bradykinin B, receptor antagonist,
had no effect on venom-induced contractions. These results indicate that the main smooth-
muscle contracting substances of the venoms are acetylcholine, histamine and serotonin,

with no contribution by kinins.

Key words: guinea pig ileum, histamine, kinins, serotonin, smooth muscle, venom, wasp.
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1. Introduction

Hymenopteran (ant, bee and wasp) venoms contam a variety of low molecular
weight substances, including amino acids (Abe et al., 1989), amines (principally histamine
and serotonin) (Owen and Bridges, 1982; Piek et al., 1983a,b; Sarangi et al., 1990), and
peptides (Piek et al., 1989; Piek, 1984, 1991; Sarangi et al., 1990; Ho et al., 1998; Konno et

al., 2001, 2002), but are generally poor in enzymes, except for hyaluronidase and

phospholipases (Edery et al., 1978; Nakajima, 1984; Piek, 1984; Schmidt et al., 1986, Ho
and Ko, 1988). In addition to their presence in venoms, several endogenous mediators,
especially amines, may be released by venom components following envenomation (Ho and
Wang, 1991; Ho et al., 1993; Eno, 1997; Griesbacker et al., 1998).

Despite the numerous species of stinging hymenopterans in Brazil, very little is
known of their toxinology. The best studied species is the honey bee Apis mellifera
(Azevedo-Marques et al., 1992; Fan and Franga, 1992; Ferreira et al., 1995; dos Reis et al.,
1998), mainly because of its clinical importance. However, in recent years, the venoms of
several social wasp species, including Agelaia pallipes pallipes (Costa and Palma, 2000),
Polybia paulista (Oliveira and Palma, 1998), Polistes versicolor (Vargas-Villarreal et al,,
1991) and Protonectarina syiveirae (Dohtsu et al, 1993), have been characterized
biochemically, with the isolation of phospholipases and peptides. In this work, we examined

the smooth muscle contracting activity of the venom of three species of social wasps found

in northeastern Brazil.
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2. Material and methods
2.1. Reagents

Atropine, bradykinin, histamine, indomethacin, methysergide, pyrilamine and
serotonin were obtained from Sigma Chemical Co. (St. Louis, MO, USA). The bradykinin
B receptor antagonist Hoe-140 was from Hoescht (Germany). Other reagents of analytical
grade were obtained from J.T. Baker (Xalostoc, Mexico), Mallinckrodt (Paris, KY, USA) or

Merck (Rio de Janeiro, RJ, Brazil).

2.2. Venom collection

Colonies of the social wasps Polybia chrysothorax, Polybia rejecta and
Pseudopolybia compressa were collected in the coastal forest zone of the state of
Pernambuco in northeastern Brazil. The insects were killed with CO, and stored to -20°C
until used. When required, the wasps were thawed on ice and the venom sacs removed along
with the sting. Following removal of the sting, the venom was obtained by gently pressing
(without squashing) the venom sacs in a beaker to expel their hquid content after which the
sacs were stirred gently in distilled water with a magnetic stirrer at 4° C to ensure maximum
recovery of venom. The venom sacs were subsequently removed by centrifugation (4200
rpm, 10 min) and the supernatant then recovered, lyophilized and stored to -20° C until
required. The protein content of the material thus obtained was determined by the method
of Lowry as modified by Peterson (1977), using bovine serum albumin as a standard. All

amounts of venom mentioned below refer to this protein content.
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Smooth muscle activity of vespid venoms

2.3. Guinea pig isolated ileum

The preparations were set up as described elsewhere (The Staff, 1968). Male
Hartley-Duncan guinea pigs (700-900 g) were killed with a lethal dose (>50 mg/kg, i.p.) of
sodium pentobarbital (Hypnol®, Cristalia, Itapira, SP, Brazil) after which the ileum was
removed and placed in Tyrode solution (composition, in mM: NaCl 137, NaH,PO, 0.42,
NaHCO; 11.9, CaCl, 1.8, MgCl; 0.49, KCI 2.7 and glucose 5.55). Fragments of ileum 2-3
cm long were cleaned of mesenteric tissue and mounted under a tension of 2.5 gina 10 ml
organ bath. The Tyrode solution was oxygenated continuously with a mixture of 95%
0,/5%C0, at 37°C. After allowing 30 min for stabilization, concentration-response curves
were obtained for acetylcholine, bradykinin, histamine, serotonin (5-hydroxytryptamine) and
the venoms. Agonists and venoms were left in contact with the tissue until maximum
responses had been achieved after which the preparations were washed with Tyrode solution
before the next concentration or treatment. The involvement of various mediators in the
venom-induced contractile responses was assessed by pre-incubating the preparations with
atropine (muscarinic receptor antagonist; 10 uM), methysergide (serotomn 5-HT, receptor
antagomist; 10 uM), Hoe-140 (bradykinin B, receptor antagonmist; 1 puM) or pyrilamine
(histamine H, receptor antagonist; 10 uM) for 5-30 min (The Staff, 1968). The muscle
contractions were recorded via isotonic transducers (Havard Apparatus, Harvard, MA,
USA) coupled through amplifiers to a Linearcorder Mark VII - WR3101 six-channel
recorder (Graphtec Corp., Japan). The contractions were expressed as a percentage of the
maximum tissue response obtained for each agonist or relative to the response obtained with
a maximally effective concentration of acetylcoline (15 uM). Concentration-response curves
were constructed and ECs, for the agonists and venoms were calculated using the software
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package GrapPad Prism, v. 2.01 (GraphPad Software Incorporated., CA, USA). The
results were expressed as the mean+S.E.M. and were compared using Student’s 7-test, with
a value of p<0.05 being considered significant. The statistical calculations were done using

Prism software.

3. Results and discussion

Figure 1 shows the dose-response curves for the venoms in guinea pig isolated ileum.
The ECsy for the venoms were 0.25+0.05, 8.75+1.25 and 7.65+1.85 ug/ml for A
chrysothorax, P. rejecta and P. compressa, respectively. The curves for P, chrysothorax
and P. rejecta were parallel to each other but that of P. rejecta was shifted to the right by
~35 fold. In contrast, the curve for P. compressa was less steep than for the other two
venoms. Figure 2 shows concentration-response curves for acetylcholine, histamine, 5-
hydroxytryptamine and bradykinin in the absence and presence of their respective receptor
antagonists. The ECso for all agonists increased significantly in the presence of antagonists,
indicating that there was effective receptor blockade by the antagonists used. Similar curves
for the venoms were not obtained because of the limited amount of material available.
However, as shown in the right hand panels of Figure 2, atropine, methysergide and
pyrilamine antagonists significantly reduced the responses to single concentrations of each
venom. The blockade by atropine was greatest for P. compressa whereas methysergide and
pyrilamine were most effective in P. chryosothorax and P. rejecta. These results indicate
that acetylcholine, histamine and serotonin are involved to varying degrees in non-vascular
smooth muscle contraction by these venoms. The greater inhibition by methysergide and

pyrilamine of the contractions caused by the venoms of P. chrysothorax and P. rejecta
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suggests that these venoms may contain more serotonin and histamine and agrees with their
taxonomic relatedness (same genus). In contrast, P. compressa, which belongs to a different
genus, apparently contained more acetylcholine than the other two venoms.

These findings generally agree with the presence of these substances in other wasp
venoms. Thus, acetylcholine occurs in large amounts in the venoms of the social wasps
Vespa cincta (Sarangi et al., 1990), Vespa crabro (Habermann, 1972) and Vespa orientalis
(Edery et al, 1978) and the solitary wasp Philanthus triangufum, which contains no
histamine or serotomin (Piek et al., 1983b). Histamine has been identified in venom of the
wasps Megascolia flavifrons (Piek et al., 1983a), Vespa cincta (Sarangi et al., 1990), and
Vespa crabro and Vespa vulgaris (Edery et al., 1978), and in a variety of solitary species
(Pick et al., 1983b). Serotonin has been detected in the venoms of V. orientalis, V. vulgaris
and P. rejecta {Edery et al,, 1972, 1978) and in other vespids (Owens and Bridges, 1982).

In contrast to the presence of the above mediators, the bradykinin B receptor
antagonist Hoe-140 did not affect the venom-induced contractions (Fig. 2), indicating that
kinins are not involved in the ileum responses to P. chrysothorax, P. compressa and P.
rejecta venoms. This finding is interesting since kinins occur in the venoms of various
Hymenoptera, particularly social wasps (Vespidae) and ants (Formicidae) (Piek et al., 1989,
Piek, 1991). Kinins appear to be more common in social than in solitary wasp venoms (Piek
et al., 1983b, 1989), and these peptides have been found in few species of the latter group of
wasps (Konno et al,, 2001, 2002). Wasp venom kinins consist of 9 to 18 amino acids and
may contain carbohydrate, as in the case of Paravespula maculifrons (Yoshida et al,
1976). The pharmacological properties of wasp kinins are similar to those of mammalian

kinins (Nakajima et al, 1985), and these peptides are at least partly responsible for the
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increased vascular permeability and pain associated with envenomation. In insects, wasp
kinins cause paralysis by blocking cholinergic neurotransmission via nicotinic receptors
(Piek, 1991). The factors influencing the distribution of kinins in wasp venoms have not
been determined but may well be related to the susceptibility of the insect prey of each wasp
species.

In conclusion, the venoms of the three species investigated here contained primarily
amines (acetycholine, histamine and serotonin), with no involvement of kinins. The amines
may contribute to some of the local effects such as pain and erythema seen following

envenomation.

Acknowledgments

The authors thank José Hton dos Santos, Gildo Bernardo Leite and Emanuela
Barreto de Sousa for technical help, Dr. Edson Antunes (Departamento de Farmacologia,
UNICAMP, Campinas, Brazil) for advice and for providing some of the drugs used in this
study and Dr. Oton Meira Marques (Escola Politécnica de Agronomia, UFBA, Salvador,
Bahia, Brazil) for identifying the wasps. E.C.S. was supported by a studentship from
FAPESP (grant no. 00/05976-6). S.H. is supported by a research fellowship from Conselho

Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq).

38



Smooth muscle activity of vespid venoms

References

Abe. T., Hariva, Y., Kawai, N, Niwa, A 1989. Comparative study of amino acid
composition in an extract from hornet venom sacs: high content of neuroactive amino acids

in Vespa. Toxicon 27, 683-688.

»

Azevedo-Marques, MM, Ferreira, DB, Costa, RS. 1992, Rhabdomyonecrosis

experimentally induced in Wistar rats by Africanized bee venom. Toxicon 30, 344-348.

Costa, H., Palma, M.S. 2000. Agelotoxin: a phospholipase A; from the venom of the
neotropical social wasp cassununga (4gelaia pallipes pallipes) (Hymenoptera — Vespidae).

Toxicon 38, 1367-1379.
Dohtsu, K., Okumura, K., Hagiwara, K., Palma, M.S., Nakajima, T. 1993. Isolation and
sequence analysis of peptides from the venom of Protorectarina sylveirae (Hymenoptera-

Vespidae). Nat. Toxins 1, 271-276.

dos Reis, M.A, Costa, R.S., Coimbra, T.M., Teixeira, V.P. 1998. Acute renal failure in

experimental envenomation with Africanized bee venom. Ren. Fail. 30, 39-51.

Edery, H., Ishay, J., Gitter, S. 1972. Pharmacological activity of onental hornet (Vespa

orientalis) venom. Toxicon 10, 13-23.

59



Smooth muscle activity of vespid venoms

Edery, H,, Ishay, I, Gitter, S., Joshua, H. 1978. Venoms of Vespidae. In: Bettini, S. (Ed.),
Handbook of Experimental Pharmacology, Vol. 48. Arthropod Venoms. Spinger Verlag,

Berlin, pp. 691-771.

Eno, AE. 1997. Pharmacological investigation of oedema induced by venom from the wasp

Polistes fuscatus. Toxicon 35, 1691-1698.

Fan, HW., Franga, F.8.0. 1992. Acidentes por himenépteros. In: Schvartsman, S. (Ed.),

Plantas Venenosas ¢ Animais Pegonhentos. Editora Sarvier, Sdo Paulo, pp. 228-232.

Ferreira, D.B., Costa, R.S., de Oliveira, J A, Muccillo, G. 1995. An infarct-like myocardial
lesion experimentally induced in Wistar rats with Africanized bee venor. J. Pathol. 177, 95-

102.

Griesbacker, T., Althuber, P., Zenz, M., Rainer, 1, Griengl, S., Lembeck, F. 1998. Vespula
vulgaris venom: role of kinins and release of 5-hydroxytryptamine from skin mast cells. Eur.

J. Pharmacol. 351, 95-104.

Habermann, E. 1972. Bee and wasp venoms. Science 177, 314-322.

Ho, C.I., Chen, W.C,, Lin, Y.L. 1998. Structures and biological activities of new wasp
peptides isolated from the black-bellied hornet (Vespa basalis) venom. Toxicon 36, 609-

617.

60



Smooth muscle activity of vespid venoms

Ho, CL., Hwang, L.L. 1991. Local edema induced by the black-bellied hornet (Vespa

basalis) venom and its components. Toxicon 29, 1033-1042.

Ho, C.L., Hwang, L.L., Chen, C.T. 1993. Edema-inducing activity of a lethal protem with
phospholipase A; activitiy isolated from the black-bellied hornet (Vespa basalis) venom.

Toxicon 31, 605-613.

Ho, CL., Ko, JL. 1988. Purification and characterization of a lethal protein with
phospholipase A; activity from the hornet (Vespa basalis) venom. Biochim. Biophys. Acta

963, 414-422.

Konno, K., Hisada, M., Naoki, H., Ttagaki, Y., Yasuhara, T., Juliano, M. A, Juliano, L.,
Palma, M.S., Yamane, T. Nakajima, T. 2001. Isolation and sequence determination of
peptides in the venom of the spider wasp (Cyphononyx dorsalis) guided by matrix-assisted
Jaser desorption/ionization time of flight (MALDI-TOF) mass spectrometry. Toxicon 39,

1257-1260.

Konno, K., Palma, M.S., Hitara, 1Y, Juliano, M.A., Juliano, L., Yasuhara, T. 2002,

Identification of bradykinins in solitary wasp venoms. Toxicon 40, 309-312.

Nakajima, T. 1984. Biochemistry of vespid venom. In: Tu, A.T. (Ed.), Handbook of Natural
Toxins, Vol. 2. Insect Poisons, Allergens and other Invertebrate Venoms. Marcel Dekker,

New York, pp. 110-133.

)
p—i



Smooth muscle activity of vespid venoms

Oliveira, M.R., Palma, M.S. 1998. Polybiatoxins: a group of phospholipases A, from the

venom of the neotropical social wasp paulistinha (Polybia paulista). Toxicon 36, 189-199.

Owen, M.D., Bridges, AR. 1982. Catecholamines in honey bee (Apis mellifera 1..) and

various vespid (Hymenoptera) venoms. Toxicon 20, 1075-1084.

Peterson GL (1977) A simplification of the protein assay methodof Lowriy ef al. Which is

more generally apphicable. Annal Biochem. 83, 357-363.

Piek, T. 1984. Pharmacology of Hymenoptera venoms. In: Tu, AT (Ed.), Handbook of
Natural Toxins, Vol. 2. Insect Poisons, Allergens and other Invertebrate Venoms. Marcel

Dekker, New York, pp. 135-185.

Piek, T. 1991. Neurotoxic kinins from wasp and ant venoms. Toxicon 29, 139-149.

Piek, T., Buitenhuis, A, Simonthomas, R.T., Ufkes, .G, Mantel, P. 1983a. Smooth muscle
contracting compounds in the venom of Megascolia flavifrons (Hym: Scoliidae) with notes

on the stinging behaviour. Comp. Biochem. Physiol. 75C, 145-152.

Piek, T., Buitenhuis, A, Veldsema-Currie, R.D., Mantel, P. 1983b. Smooth muscle
contracting compounds in venom of sphecid wasps (Hym: Sphecidae). Comp. Biochem.

Physiol. 75C, 153159,

62



Smooth muscle activity of vespid venoms

Piek, T., Schmidt, J.O., de Jong, J M., Mantel, P. 1985 Kinins in ant venoms - a
comparison with venoms of related hymenoptera. Comp. Biochem. Physiol. 92C, 1171-

1124

Sarangi, B., Kar, PK, Datta, A, Gomes, A, Lahiri, $.C. 1990. Isolation, partial
purification and pharmacodnynamics of a slow contractile substance in the venom sac

extract of the wasp Vespa cincta Fabr. Indian J. Exp. Biol. 28, 557-561.

Schmidt, J.O., Blum, M.S_, Overal, W L. 1986. Comparative enzymology of venoms from

stinging Hymenoptera. Toxicon 24, 907-921.

The Staff. 1968. Pharmacological Experiments on Isolated Preparations. E&S Livingstone,

Edinburgh.

Vargas-Villarreal, J., Martin-Polo, J., Reynand, E., Alagon, AC. 1991. A new affinity
adsorbent for the purification of phospholipases A; and A; from animal venoms. Toxicon 29,

119-124.

Yoshida, H., Geller, R.G., Pisano, I.J. 1976. Vespulakinin: new carbohydrate-containing

bradykinin derivate. Biochemistry 15, 61-64,



Smooth muscle activity of vespid venoms

FIGURE LEGENDS

Figure 1. Dose-response curves for social wasp venoms in guinea pig isolated ileum. The
preparations were mounted as described in Methods. The contractions are expressed as a
percentage of the maximum response produced by each agonist. The points are the

meantS.E.M. of four experiments.

Figure 2. Concentration-response curves for acetylcholine (ACh, A), histamine (Hist, B),
serotonin (5-HT, C) and bradykinin (Bk, D) in guinea pig isolated ileum in the absence and
presence of their respective receptor antagonists. The ECs (in uM) for ACh, histamine, 5-
HT and Bk were, respectively, 0.10+0.02, 0.05+0.04, 6.07+0.02, and 0.05+0.01 before and
3.3+0.1, 5.7+1.6, 1.02+0.08 and 0.4+0.07 after the corresponding antagonists (p<0.05 in all
cases for before vs. after). The right hand panels show the effect of the various antagonists
on venom-induced contractions. Note that because of the limited amount of venoms
available, it was not possible to obtain full dose-response curves for these. The
concentration of each venom tested was that required to produce approximately 75% of the
maximum response for each venom. The points and bars are the mean+S.EM. of 3-4

experiments. *p<0.05 compared to the responses before antagonist.
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Abstract

The cardiotoxic action of venom from three species of social wasps (Polybia
chrysothorax, Polybia rejecta and Pseudopolybia compressa) from northeastern Brazil was
examined in the cockroach semi-isolated heart preparation. The venoms of P. chrysothorax
and P. compressa produced a dose-dependent decrease in heart rate, with complete cardiac
arrest within 15 min after the highest dose (100 ug); P. rejecta venom caused only a
moderate reduction in heart rate at the highest dose. The cardiotoxicity of the two most
active venoms was not attributable to the presence of acetylcholine, histamine, serotonin,
bradykinin or phospholipase A, in these venoms. Venom PLA, may hastened the onset of
cardiac arrest but was not directly responsible for it. Pretreating hearts with tetrodotoxin, a
blocker of voltage-dependent sodium channels, delayed or prevented the venom-induced
cardiac arrest. Glibenclamide, an antagonist of ATP-dependent potassium channels,
enhanced the cardiotoxicity of P. chrysothorax venom but reduced that of P. compressa. 4-
Aminopyridine, an antagonist of voltage-dependent potassium channels, delayed the onset of
cardiac arrest, an effect which was greater for P. compressa venom. Nifedipine and
verapamil, antagonists of voltage-dependent L-type calcium cﬁannels, had little or no effect
on venom cardiotoxicity. These results indicate that P. chrysothorax and P. compressa
venoms produce cardiac arrest by acting mainly on sodium channels. ATP- and voltage-
dependent potassium channels have a variable role in this response whereas L-type voltage-
dependent calcium channels are not involved. The dissimilar responses observed for P.
chrysothorax and P. compressa with regard to sodium and potassium channel blockade
suggest that the two venoms may differ in the pathways they activate. These findings also

indicate that these venoms may contain novel toxins that target voltage-dependent sodium
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channels and that the cockroach sem-isolated heart is useful for the rapid screening of

cardiotoxicity int arthropod venoms.

Key words: cardiotoxic, cockroach, insecticidal, 1on channels, phospholipase A,, wasp

YENoin

1. Introduction

Invertebrate bioassays, particularly fromr crustaceans and insects, have been widely
used to screen and study the toxicity of arthropod venoms. Most studies have focused on
the neurotoxicity of these venoms and their purified toxins, often with the view to their
potential use as biopesticides (Piek, 1991; Eldefrawi ef al., 1993, Blagbrough ef al., 1994,
Zlotkin, 1999). In contrast, relatively few studies have examined cardiotoxicity as a
mechanism for the toxic activity of arthropod venoms and toxins. The cockroach (semi-)
isolated heart is a simple, rapid, and reproducible bioassay that is useful for the rapid
screening of biological activity. This preparation has been used extensively in studies of
msect endocrinology and =physiology (Miller and Metcalf, 1968; Miller ef al, 1979, Brian et
al., 1989; Predel er al., 1999; Vilaplana er al, 1999). Curiously, the usefulness of this
preparation has generally been overlooked in the field of toxinology, despite the
demonstration by Klowden er al. (1992) of its applicability in the rapid screening of
cardiotoxicity in snake venom toxins. In this work, we have used the cockroach semui-
isolated heart to examine the cardiotoxicity of venoms from three species of social wasps
(Polybia chrysothorax, Polybia rejecta and Pseudopolybia compressa) from northeastern

Brazil.
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2. Materials and methods
2.1 Reagents

Acetylcholine, 4-aminopyridine, bradykinin, glibenclamide, histamine, indomethacin,
nifedipine, pyrilamine, serotonin, tetrodotoxin, verapamil and phospholipase substrate were
obtained from Sigma Chemical Co. (St. Louis, MO, USA). Other reagents of analytical
grade were obtained from J.T. Baker (Xalostoc, Mexico), Mallinckrodt (Paris, KY, USA) or

Merck (Rio de Janeiro, RJ, Brazil).

2.2 Venom collection

Colonies of the social wasps Polybia chrysothorax, Polybia rejecta and
Pseudopolybia compressa were collected in the coastal forest zone of the state of
Pernambuco in northeastern Brazil. The insects were killed with CO; and stored to -20°C
until used. When required, the wasps were thawed on ice and the venom sacs removed along
with the sting. Following removal of the sting, the venom was obtained by gently pressing
(without squashing) the venom sacs in a beaker to expel their liquid content after which the
sacs were stirred gently in distiled water with a magnetic stirrer at 4° C to ensure maximum
recovery of venom. The venom sacs were subsequently removed by centrifugation (4200
rpm, 10 min) and the supernatant then recovered, lyophilized and stored to -20° C until
required. The protein content of the material thus obtained was determined by the method
of Lowry as modified by Peterson (1977), using bovine serum albumin as a standard. All

amounts of venom mentioned below refer to this protein content.
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2.3 Insects
Cockroaches (Leucophea madere) were housed at room temperature in a glass aguarium

with free access to water and food (rodent Purina® chow).

2.4 Phospholipase activity

Phosphotipase activity was measured using the assay described by Holzer and
Mackessy (1996) modified for 96-well plates (Beghini ez al, 2000). The increase i
absorbance at 425 nm after venom addition was monitored at 5 min intervals over a 30 min
period using a SpectraMax 340 multiwell plate reader (Molecular Devices, Sunnyvale, CA,

EUA).

2.5 Cockroach semi-isolaied heart

The cockroach semi-isolated heart was used to examine the cardiotoxicity of the
three venoms. The preparation was mounted essentially as described elsewhere (Bauman and
Gersch, 1982; Klowden et al, 1992; Predel er al, 1999, Vilaplana er al, 1999).
Cockroaches were anesthetized with chloroform and immobilized with the ventral surface
upwards. With the aid of a stereoscopic microscope, the abdominal cuticle was removed to
reveal the internal organs. The digestive tract and other viscera were displaced to expose
the heart which was then bathed in 0.15 M NaCl at room temperature. After allowing 5 min
for the heart rate to stabilize, venom (1, 10 or 100 ug in 10 pl of saline, corresponding to
concentrations of 0.1, T and 10 mg/ml) was applied to the heart and the changes in heart rate

were then monitored over the following 30 min. Heart rate was recorded continuously
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throughout the experiment using a video camera mounted on the eyepiece of the
microscope.

When required, tetrodotoxin (TTX, 10* M: voltage-dependent sodium channel
blocker), ghbenclamide or 4-aminopyridine (107 M; potassium channel blockers), verapamil
or nifedipine (10™ M, calcium channel blockers) or indomethacin (107 M: cyclooxygenase
inhibitor) was added to the preparations 15 min before the application of agonist or venom.
Changes in heart rate were then recorded for a further 15 min. The agonist and antagonist
concentrations used here were based on those reported in studies with other arthropod

VENoms.

2.6 Statistical analysis
The results were expressed as the mean + S.E. M. Statistical comparisons were done
using Student’s unpaired t-test or ANOVA followed by the Tukey test. A value of p<0.05

indicated statistical significance.

3. Results

Figure 1 shows the effect of the three venoms on the beating rate of cockroach semi-
isolated hearts. P. chrysothorax and P. compressa venoms showed marked cardiotoxicity
which varied with the amount of venom applied. Rapid (within 4-12 min} and irreversible
(by washing with 0.15 M saline) cessation of heart beat occurred with 100 pg of venom. In
contrast, the venom of P. rejecta produced only a moderate reduction in heart rate, even

with the highest amount of venom tested, and showed no dose-dependence.
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Prior to investigating the mechanisms responsible for this cardiotoxicity, we
examined the stability of the preparation in different solutions: 0.15 M NaCl, Tyrode
solution and a cockroach or insect Ringer (Baumann and Gersch, 1982; Predel ef al., 1999;
Vilaplana ef al., 1999). As shown in Fig. 2A, the preparation was stable for at least 30 min
in all three solutions and the cardiotoxicity of P. chrysothorax venom was unaffected by the
composition of the bathing solution (Fig. 2B). These findings agree with experiments in
which the effect of varying concentrations of ions (up to 100 mM for K, Ca™', Mg™, Mn™)
on heart rate was examined in 0.15 NaCl; no changes in heart rate were seen with high or
low concentrations of any of these ions (results not shown). These data indicate that the
cardiotoxic action of the venoms was unlikely to be influenced the ionic composition of the
“physiological” solution. In all experiments described below, 0.15 M NaCl was used to
bathe the heart.

Wasp venoms contain acetylcholine, histamine, serotonin, and peptides, particularly
kinins. Figure 3 shows the effect of several of these mediators on heart rate. Acetylcholine
produced a slight increase in heart rate which rapidly returned to basal levels, whereas
histamine had no effect. Serotonin produced a progressive decrease in heart rate without
recovery in the 30 min period of observation and bradykinin produced a rapid decrease in
heart rate that persisted for a few minutes before returning to basal levels. The amount of
each agonist tested was 100 pg to correspond to the 100 pg of venom used, assuming that
all of the venom consisted only of each particular agonist.

Social wasp venoms frequently contain high levels of phospholipase (PLA) which
may be PLA,;, PLA,, or PLB. As shown in Fig. 4, the venoms of P. chrysothorax and P.

compressa had PLA levels comparable to those of rattlesnake (Croialus durissus terrificus)
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venom (positive control); the activity of P. rejecta venom was considerably lower. Figure 3
shows that bee (4pis mellifera) venom PLA, produced cardiac arrest which was abolished
by pretreating the heart with indomethacin. However, indomethacin only delayed the onset
but did not prevent the cardiotoxicity of the two most active venoms. This delay was
particularly markd for P. compressa venom.

The involvement of ion channels in the cardiotoxicity of wasp venoms was examined
by pretreating the hearts with various calcium, potassium and sodium channel antagonists.
Figure 6 shows that tetrodotoxin (TTX, 10 M in 10 ul of saline}, an antagonist of voltage-
dependent sodium channels (Fozard e Hanck, 1996; Amat er al., 1997, Ben Kalifa ef al.,
1997) produced a decrease in heart rate which then stabilized at a level shightly below the
basal rate. TTX completely prevented the decrease in heart rate caused by P. chrysothorax
venom, in a manner similar to that seen with the marine toxin brevetoxin (PbTx-3), a sodium
channel modulator (data not shown). In contrast, with P. compressa venom, TTX delayed
the onset and rate of the decrease in heart rate but did not fully block the response.

The involvement of potassium channels was investigated by pretreating the hearts
with glibenclemide, an antagonist of ATP-dependent potassium channels which prevents
channels opening and leads to membrane depolarization, and 4-aminopyridine (4-AP), which
blocks voltage dependent potassium channels and produces an effect similar to that seen
with compounds which delay or prevent sodium channel inactivation.

Figure 7 shows that glibenclamide alone (10 M, dissolved in 2% DMSO; this
concentration of DMSO had no effect on the heart responses) had no effect on heart rate.
Glibenclamide slightly potentiated the response to P. chrysothorax venom and ephanced the

cardiotoxic effect. For P. compressa venom, glibenclamide delayed the onset and severity of

76



Cardiotoxicity of vespid venoms

the decrease in heart tate and offered about 50% protection. To examine whether the
concomitant blockade of potassium and sodium channels would provide greater protection
against the action of P. compressa venom than blockade of either alone, hearts were
pretreated with glibenclamide and TTX (10" M each) prior to testing the venom. The
response observed was the same as that seen with TTX alome, ie potassium channel
inhibition did not summate with the effects of TTX (results not shown). In contrast to the
effects of glibenclamide, 4-AP (10° M) initially delayed the onset of cardiotoxicity of both
venoms, with a more pronounced action for P. compressa venom (Fig. 7).

The role of voltage-dependent L-type calcium channels in the venom-induced effects
was investigated by pretreating the preparations with verapamil or nifedipine (10™* M each)
(Pelzer e al., 1990; Wegener and Nissel, 2000; MacPherson ef al., 2001). As shown in Fig.
8, voltage-dependent L-type calcium channels are apparently not involved in the cardiac
response to the venoms since the antagonists used had no effect on the decrease in heart
rate, except for a slight delay in the full onset of cardiac arrest with nifedipine. Subsequent
experiments using Bay K-8644 (10 M), an agonist selective L-type calcium channels
(Tsien ef al., 1986; Pelzer et al., 1990), suggested that cockroach may not contain L-type
charmels since this agonist had no effect on heart rate. Alternatively, these channels may be
present but have different selectivities from their mammalian counterparts.

None of the pharmacological interventions described above had any effect on the

slight decrease in frequency produced by P. rejecta venom (results not shown).
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4. Discussion

The principal finding of this study was that the venoms of P. chrysothorax and P.
compressa are cardiotoxic to the cockroach heart. This effect was dose-dependent, with
cardiac arrest occurring rapidly at the highest amount of venom tested. This response is
unlikely to be mediated by amines or kinins in the venoms. Two potential mediators
(acetylcholine and histamine) had little effect on the heart rate. The progressive decrease in
heart rate seen with the high amount (100 pg) of serotonin tested did not occur with lower
quantities (<50 pg). In other species of cockroach (Periplaneta americana), acetylcholine
and serotonin cause excitation (an increase in heart rate) at micromolar concentrations or
less (compared to the mM range used here) (Traina er al., 1976; Miller, 1979; Baumann and
Gersch, 1982; Predel ef al ,1999; Vilaplana ef al., 1999). This variation problably reflects
species and slight methodological differences in the type of preparation use. Although these
venoms comntain acetylcholine, histamine and serotonin (Cardoso-Silva ef al., submitted),
ther concentration is considerably below that tested here and hence have no significant
action on the heart. Similarly, although bradykinin had a marked transitory effect on heart
rate, this peptide is not responsible for the cardiotoxicity since these venoms do not contain
kinins (Cardoso-Silva ef ai., submitted).

Wasp venoms contain PLA, (King er al., 1984; Schmidt ef al., 1986; Ho and Ko,
1988, Vargas-Villarreal ef al, 1991), PLA, (Oliveira and Palma, 1998; Costa and Palma,
2000) and PLB (King et al, 1984; Takasaki and Fukumoto, 1989). Phospholipase A,
produces smooth muscle contraction, hemolysis (Oliveira and Palma, 1998), mast cell
degranulation (Habermann, 1972) and neurotoxicity (Edery et al, 1972). However, as

shown here, PLA contributed little to the cardiotoxicity of the venoms as seen in the
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experiments with indomethacin, although the inhibition of PLA did delay somewhat the
onset of cardiac arrest. In agreement with this, we have observed that the PLA-containing
fraction of these venoms obtained by reverse phase HPLC had no effect on heart rate
(results not shown), in contrast to the response observed with bee venom PLA,.

The principal mechanism of cardiotoxicity appears to involve an action on voltage-
dependent sodium channels since TTX, a specific blocker of these channels (Fozard and
Hanck, 1996; Amat et al., 1997, Ben Kalifa ef al., 1997), prevented the cardiac arrest by F.
chrysothorax venom and markedly delayed that of £. compressa. Brevetoxin, produced by
the marine dinoflageliate Ptychodiscus brevis, acts on sodium channels by delaying channel
inactivation, thereby prolonging the channel open time (Richards ez al., 1990, Jeglitsch ez
al., 1998). In cockroach heart, PbTx-3 (10" M) produced a decrease in heart rate, but not as
marked as that seen with the venoms. This decrease was inhibited by TTX. These findings
suggest that the venoms may act by influencing sodium channel gating and that this
mechanism is inhibited by TTX.

The involvement of other ion channels in the venom-induced effects was less clear.
Glibenclamide blocks ATP-dependent potassium channels and causes membrane
depolarization. Treatment with glibenclamide markedly attenuated the cardiotoxicity of P.
compressa venom, but potentiated that of P. chrysothorax venom, with a shift to the left in
the time-response curve. This phenomenon may reflect the combined effects of increased
excitability of the muscle fiber membrane following potassium channel blockade (with
consequent action potential prolongation) and the inhibition of sodium channel inactivation
by the venom. In the case of P. compressa venom, the protection offered by glibenclamide

bore some semblance to that seen with TTX. However, when hearts were pretreated with
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TTX and glibenclamide, the effect observed was the same as that of TTX alone rather than a
summmation of the two interventions. This finding suggests that the same physiological
phenomenon is involved although different channels are being affected.

4-Aminopyridine blocks voltage-dependent potassium channels and prolongs the
action potential of potassium during depolarization (Armstrong, 1981, 1992; Drever, 1990;
Catterall, 1992; Pongs, 1992; Deal e7 al., 1996). The effect of such blockade is similar to
that seen with compounds that delay or inhibit sodium channel inactivation, Although 4-AP
delayed the decrease in heart rate in the initial stages with both venoms {the protection was
more marked with P. compressa venom), it did not prevent the final, complete cardiac
arrest.

Voltage-dependent calcium channels do not appear to be involved since neither
nifedipine nor verapamil had any marked effect on the cardiac arrest. Although slight shifts
to the right were seen in the presence of these antagonists (especially nifedipine), they were
not particularly marked and did not prevent cardiac arrest occurring within the same as the
control hearts. It is possible that cockroach heart may not contain L-type voltage-dependent
channels (or may have channels with different selectivities) since the selective agonist for
these channels, Bay K 8644, had no effect on heart rate.

In conclusion, the venoms of P. chrysothorax and P. compressa contain toxins that
are active on sodium channels. However, the discrepancies between the responses of these
two venoms to sodium and potassium channel antagonists suggest that the mechanisms
whereby they produce cardiac arrest are unlikely to be identical. The identification of the
venom components responsible for this cardiotoxicity could provide novel compounds for

studying sodium channels. Other ion channels and venom PLA, apparently contribute little
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to this cardiotoxicity. These results also demonstrate the usefulness of the cockroach semi-
isolated heart for screeming arthropod venoms for cardiotoxins and provides a assay for

detecting fractions with insecticidal activity during venom fractionation protocols.
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FIGURE LEGENDS

Figure 1. Cardiotoxic activity of (A) P. chrysothorax, (B) P. compressa and (C) P. rejecta
venoms in cockroach semi-isolated heart. The preparations were mounted as described in
Methods. The points are the mean+S EM. of four hearts for each amount of venom

indicated.

Figure 2. Stability of the cockroach semi-isolated heart preparation in different physiological
solutions (A), and lack of influence of the ionic composition of these solutions on the
cardiotoxicity of P. chrysothorax venom (100 pg). The preparations were mounted as
described in Methods. The composition of the Ringer solution was (in g/l): NaCl 9, KC1 0.8,
NaHCO; 0.8, CaCl, 0.8, and that of the Tyrode solution: NaCl 8.19, KCl 0.37, MgCL6H;0

0.2, CaCl; 0.56, glucose 2.4, HEPES 2.4. The points are the meantS.E M. of three hearts.

Figure 3. Effect of (A) acetylcholine and bradykinin and (B) histamine and serotonin on
heart rate in cockroach semi-isolated hearts. A fixed quantity of each agonist (100 pg) was

tested in each case. The points are the mean+S EM. of 3-4 hearts.

Figure 4. Phospholipase activity of the wasp venoms studied. Activity was determined at

described in Methods. Rattlesnake (Crofalus durissus terrificus) snake venom was used as a

positive control.
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Figure 5. Effect of indomethacin (10° M) on the decrease in cockroach heart rate caused by
the venoms of P. chrysothorax and P. compressa. (A) Bee venom PLA, (5 ug), (B) P~.
chrysothorax venom (100 ug), and (C) P. compressa venom (100 ug). The points are the

mean+S E.M. of 3-4 hearis

Figure 6. Influence of tetrodotoxin (TTX, 10° M) on the cardiotoxicity of (A} P.
chrysothorax and (B) P. compressa venoms (100 ng each). The points are the mean+S.EM.

of 3-4 hearts.

Figure 7. Influence of glibenclamide (10° M) and 4-aminopyridine (10 M) on the
cardiotoxicity of (A) P. chrysothorax and (B) P. compressa venoms (100 pg each). The

points are the meant+S E M. of 3-4 hearts.

Figure 8. Influence of verapamil (10™* M) and nifedipine (10" M} on the cardiotoxicity of

(A) P. chrysothorax and (B) P. compressa venoms (100 ug each). The points are the

mean+S E.M. of 3-4 hearts.
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Abstract

The effect of venom from the social wasp Polybia chrysothorax from northeastern Brazil
on nerve action potentials of the blue crab Callinectes danae and on heart rate in cockroach semi-
isolated heart preparations was examined. Mechanical stimulation of the terminal leg appendage
(dactylus) of C. danae was used to produce action potentials in the corresponding sensory nerve.
In this preparation, P. chrysothorax venom (100 ng) caused a discharge of action potentials
independent of stimulation. This effect was similar to that seen with brevetoxin-3 (PbTx-3, 5x107
M), a marine toxin which activates sodium channels acting on site 5. The effect of the venom was
prevented by tetrodotoxin (TTX, 10° M), which blocks sodium channels. In sucrose-gap
experiments using electrically stimulated sensory nerves, P. chrysothorax venom (10, 30 and 100
ug) markedly reduced the action potential amplitude without affecting the duration. The EDs, for
the venom-induced blockade of action potential transmission in this preparation was 25.1 + 0.3 ug
(mean + SEM, n=3, p<0.05). PbTx-3 (5x10” M) and TTX (10° M) also blocked action potential
generation in this preparation. In cockroach heart, the venom (100 ug) caused irreversible cardiac
arrest which was prevented by TTX (10™* M). Fractionation of the venom by reverse phase HPLC
yielded a principal peak containing a peptide with the sequence ARSLLEGLGIRRGSA, which
showed strong homology with o- and B-pompilidotoxins. This toxin reproduced the neurotoxic
and cardiotoxic actions of the venom. These results indicate that the venom of P. chrysothorax
contains a toxin that acts on voltage-dependent sodium channels, probably by activating or

delaying their inactivation.

Key words: nerve, action potential, sodium channel, wasp venom.
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1. Introduction

Wasp venoms contain a variety of substances, including low molecular weight compounds
such as amino acids (Abe er al., 1989) and amines (catecholamines, dopamine, histamine, and 5-
hydroxytryptamine) (Edery et al., 1978), as well as peptides, particularly kinins (Edery ef al,
1978; Piek, 1984; 1991; Konno ef al., 2002) and mastoparans (Ho ef al., 1994; Chuang e? al,,
1996 Nakajima ef af., 1998). In addition, enzymes such as hyaluronidase (Allalouf et al., 19723
Edery et al., 1978) and phospholipase A (Vargas-Villarreal e al., 1991; Ho and Ko, 1988;
Oliveira and Palma, 1998; Costa and Palma, 2000) occur in these venoms.

In recent vears, various studies have shown that wasp vepoms contain a range of
neurotoxic compounds, some of which are insect-selective. The best characterized of these are
kinins and their derivatives which, in addition to their smooth muscle contracting activity, also
block cholinergic neurotransmission in insect preparations (reviewed in Piek, 1991). Other
compounds identified include polyamines such as philanthotoxin (Piek, 1982, 1984; Kits and Piek,
1986, Bruce er al, 1990; Blagbrough et al, 1994) and peptides known as o— and
B-pompilidotoxins (o~ and B-PMTXs) from the venoms of the solitary wasps Anoplius
samariensis and Batozonellus maculifrons, respectively (Konno ef al., 1998), which delay the
inactivation of sodium channels (Konno et al., 2002; Sahara ef a/., 2000; Kinoshita ef al., 2001,
Mivawaki et al., 2002). Other toxins, such as mandaratoxin (MDTX) from Vespa mandarinia
(Abe ef al., 1982), also act by selectively blocking sodium currents. The venom of the social wasp
Vespa insularis contains a toxin that opens chloride channels (Hor er al,, 1977; Kawai et al,
1979).

Neurotoxins active on ion channels, such as polyamines and PMTXSs, have been isolated

primarily from solitary wasp species, with comparatively little being known about their occurrence
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i social wasps. In this report, we describe the neurotoxic and cardiotoxic actions of venom from
the social wasp Polybia chrysothorax from northeastern Brazil using crustacean and insect
preparations, and show that the effects of the venom are mediated by a texin active on voltage-

dependent sodium channels.

2. Material and methods
2.1. Reagents

Brevetoxin-3 and tetrodotoxin were from Sigma Chemical Co. (St. Louis, MO, USA) and
the salts for physiological solutions were from J. T. Baker (Xalostoc, Mexico), Mallinckrodt (Paris,

KY, USA) or Merck (Rio de Janeiro, RJ, Brazil).

2.2. Venoms

Colonies of the social wasp Polybia chrysothorax were collected in the coastal forest zone
of the state of Pernambuco in northeastern Brazil, The insects were killed with CO-, and stored to -
20°C until used. When required, the wasps were thawed on ice and the venom sacs removed along
with the sting. Following removal of the sting, the venom was obtained by gently pressing
(without squashing) the venom sacs in a beaker to expel their liquid content after which the sacs
were stirred gently in distilled water with a magnetic stirrer at 4° C to ensure maximum recovery
of venom. The venom sacs were subsequently removed by centrifugation (4500 rpm, 10 min) and
the supernatant then recovered, lyophilizad and stored to -20° C until required. The protein
content of the material thus obtained was determined by the method of Lowry modified by
Peterson {1977) using bovine serum albumin as standard. All amounts of venom mentioned below

refer to this protein content.
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2.3. Reverse phase high performance liquid chromatography (RP-HPLC)

Venom was dissolved in 0.5% (v/v) trifluoroacetic acid and applied to a Cy3 reverse phase
column (4 x 250 mm, 3 um, AmershamBiosciences) preequilibrated with 0.5% TFA. After
washing to remove unbound material, proteins were eluted with a linear gradient (0-65%) of 60%
acetonitrile in 0.5% TFA at a flow rate of 1 ml/min using an AKTApurifier 10 chromatography

system. The elution profile was monitored at 280 nm and fractions were collected manually.

2.4. Amino acid sequence determination
The amino acid sequence of the active peak obtained by HPLC was determined by direct

Edman degradation using a Procise f automated sequencer.

2.5. Sensory nerve action potentials following mechanoreceptor stimulation

This preparation was mounted essentially as described by Freitas et a/. (1992) using adult
specimens of the blue crab Callinectes danae collected in the SZo Sebastido Channel on the
northern coast of the state of S&o Paulo. The distal portion of the second or third pair of legs was
removed together with its corresponding nerve and transferred to a recording chamber mounted in
a Faraday cage to eliminate electrical interference. The extremity of the leg was exposed through
an orifice in the chamber and positioned to allow stimulation by filtered sea water dripped from a
height of 15 cm. The nerve bundle passed through a small chamber (volume, 100 ul) to which the
wvenom or drug was added and was then connected to a suction electrode. The nerve was bathed in
physiological solution (composition, in mM: NaCl 470.4, KCl 8.0, CaCl,.2H,0 18.0, MgCl,.6H,0
£S5, NaHCO; 6.0, glucose 5.6) at room temperature. Action potentials in response to

mechanoreceptor stimulation with dripping sea water were recorded with a Grass model P55 AC
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pre-amplifier via an analogical-digital interface coupled to a computer loaded with the software
Whole Cell Electrophysiology Program (WCP) version 1.2 (Digidata 1200, Axon Instruments,
Union City, CA, USA). The recordings were also displayed on a Tektronix 5103 oscilloscope.
After mounting, the preparations were allowed to stabilize for 15 min before the application of
venom or toxin in 10 ul of physiological solution. Control recordings were obtained before the
application of test substance and for up to 15 min thereafter. The concentrations of venom and

toxins used are indicated in the Results and figure legends.

2.6. Sucrose gap recordings

The preparation was obtained essentially as described above except that before mounting
the nerve was separated from the leg and then mounted in an 8-compartment acrylic chamber
according to Malpezzi et al. (1993). The acrylic chamber consisted of platinum-iridium stimulation
electrodes connected to compartments 1 (positive) and 2 (negative), respectively, while the silver
chloride recording electrodes were located in compartments 5 and 8. Compartments 1 and 5
contained physiological solution (composition as above), compartments 6 and 7 contained 1 M
suctose and compartment 8 contained 0.5 M KCl. The venom and toxins were diluted in
physiological solution and applied to the fifth compartment.

Electrodes placed before and after the sucrose gap recorded the ionic current passing
through the nerve fiber during evoked action potentials. Supramaximal stimuli (0.2 mV) were
delivered from a Grass- SD-9 stimulator. The potentials, which were amplified via a high
impedance DC preamplifier (model NF-1, Bioelectric Instruments) and displayed on a Tektronix
5103 oscilloscope, were recorded on computer disk via an analogical-digital interface using the

software Whole Cell Electrophysiology Program (WCP) version 1.2.
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2.7. Cockroach semi-isolated heart

The cockroach semi-isolated heart was used to examine the cardiotoxicity of A
chrysothorax venom and its purified toxin. The preparation was mounted essentially as described
elsewhere (Bauman and Gersch, 1982; Klowden et al., 1992; Predel et al., 1999, Vilaplana et al.,
1999). Cockroaches (Leucophea madere) were anesthetized with chloroform and immobilized
with the ventral surface upwards. With the aid of a stereoscopic microscope, the abdominal cuticle
was removed to reveal the internal organs. The digestive tract and other viscera were displaced to
expose the heart which was then bathed in 0.15 M NaCl at room temperature. After allowing 5
min for the heart rate to stabilize, P. chrysothorax venom (100 pg) or toxin (purified toxin — 6.4 x
10° M, PbTx-3 - 10 M or TTX - 10™ M) was applied to the heart in 10 pl of saline and the
changes in heart rate were then monitored over the following 30 min. Heart rate was recorded
continuously throughout the experiment using a video camera mounted on the evepiece of the
microscope. When required, TTX was applied to the heart 15 min before testing the venom,
purified toxin or PbTx-3 (quantities and concentrations given above). Thereafter, heart rate was

measured for a further 15 min.

2.8. Statistical analysis
The results were expressed as the mean + S.EM., as appropriate. Statistical comparisons
were done using Student’s unpaired t-test or ANOVA followed by the Tukey test. A value of

p<0.05 indicated statistical significance.
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3. Results
3.1. Evoked action potentials following mechanoreceptor stimulation

Figure 1A shows the control response of C. danae sensory nerve to mechanical
stimulation, in which the induced action potential discharge rapidly disappeared after stimulation,
Figure 1B (left panel) shows that PbTx (5x107 M) increased the frequency of action potentials
shortly after application, independent of mechanoreceptor stimulation. When the full effects of
PbTx-3 had occurred, the potentials normally seen in response to mechanical stimulation were no
longer detectable (Fig. 1B, right panel). P. chrysothorax venom (100 ug) also increased the
frequency of sensory nerve potentials shortly after application and independent of mechanical
stimulation (Fig. 1C). However, the speed of onset and intensity of the effect were slightly less
than observed with PbTx-3 (Fig. 1B, both panels). Washing the preparations did not reverse the
increased neural excitability seen with the venom (results not shown).

Figure 2 shows that the sodium channel blocker TTX abolished the action potentials in
response to mechanoreceptor stimulation. TTX also reversed the effects of PbTx-3 and the toxin

purified from P. chrysothorax, although this reversal required some time (~1 min) to-occur.

3.2. Sucrose gap recordings

In sucrose gap recordings, P. chrysothorax venom (100 pg) blocked sensory nerve action
potentials evoked by electrical stimulation (Fig. 3A). This blockade occurred 2-5 min after the
application of venom and was dose-dependent, with an EDs, of 25.1 + 0.3 pg (n=3) (Fig. 3B).
Brevetoxin-3 (PbTx-3, 5x107 M) and tetrodotoxin (TTX, 10° M) also blocked the action

potentials (Fig. 3A).
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3.3. Cockroach semi-isolated heart

The application of PbTx-3 (10 M) reduced the heart rate by more than 50% (Fig. 4A).
TTX (10™ M) alone also reduced the heart rate. However, the decrease in heart rate with TTX
was not as marked as seen with PbTx-3 and gradually returmned to normal or stabilized at a
frequency below the pre-toxin rate. Neither of these toxins produced complete cardiac arrest at the
concentrations tested. Pre-treating hearts with TTX abolished the decrease in heart rate normally
seen with PbTx-3. As shown in Fig. 4B, P. chrysothorax venom (100 ug) produced rapid (within
15 min) cardiac arrest in the cockroach semi-isolated heart; this reponse was dose-dependent and
irreversible by washing (data not shown). Pre-treating the hearts with TTX virtually abolished the

cardiotoxic action of P. chrysothorax venom.

3.4. Identification of a pompilidotoxin-like peptide in P. chrysothorax venom

To identify the venom component responsible the neurotoxic and cardiotoxic effects
described above, P. chrysothorax venom was fractionated by RP-HPLC on a Cjs column. Figure
5A shows the elution profile obtained for the venom. Although several peaks were observed, only
the principal one (indicated by the arrow) showed biological activity. This peak contained a single
peptide, the sequence of which as determined by direct automated sequencing is shown in Fig. 3B.
A search of protein sequence databases provided matches only with - and B-pompilidotoxins
isolated from the venoms of the solitary wasps Anoplius samariensis and Batozonellus
maculifrons, respectively (Konno ef al., 1998). This peptide, which we have tentatively named v-
pompilidotoxin (y-PMTX), MW= 1555.8, reproduced the neurotoxic (Figs. 1D, 2D and 3B) and
cardiotoxic (Fig. 4C) activities of the venom described above. As with the venom, the effects of

the toxin were abolished by pretreating the preparations with TTX.
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4. Discussion

Voltage-dependent sodium channels are involved in the generation of action potentials in
excitable tissues (Armstrong, 1992; Catterall, 1992, 2000; Fozzard and Hanck, 1996), and this
central role in electrophysiology makes them an important target for a variety of toxins from
animal venoms, particularly in insects (Zlotkin, 1999). Toxins which act by preventing or retarding
the inactivation of sodium channels have been identified in scorpion (Pelhate e Zlotkin, 1982;
Rogers er al,, 1996; Ben Kalifa er al., 1997; Sautiére ef al., 1998; Li ef al., 2000) and spider (Rash
and Hodgson, 2002) venoms, but also include marine toxins such as PbTx (Richards et al., 1990;
Schreibmayer and Jeglitsch, 1992; Jeglitsch ef al., 1998) and solitary wasp venom toxins such as
o— and B-pompilidotoxins (x-PMTX and B-PMTX) (Konno et al., 1997, 1998; Sahara et al ,
2000). Other toxins, such as TTX and saxitoxin (STX), act as true channel blockers (Catterall,
1993; Fozzard and Hanck, 1996).

The results described here indicate that the venom of the social wasp P. chrysothorax acts
on voltage-dependent sodium channels in crustacean sensory nerve fibers and in cockroach heart.
The neural effects of P. chrysothorax venom were similar to those seen with PbTx-3, a lipophilic
molecule produced by the marine dinoflagellate Ptychodiscus brevis (=Gymnodinium breve),
PbTx has a high affinity for site 5 of voltage-dependent sodium channels. This toxin depolarizes
excitable membranes and prolongs the opening of sodium channels, thereby increasing the influx of
sodium ions and causing “bursts” of activity (Richards ef al., 1990; Schreibmayer and Jeglitsch,
1992; Jeglitsch er al, 1998). Blockade of neurotransmission is eventually produced by
overexcitation of the tissue. In cardiac and smooth muscle, this depolarization can result in muscle
contraction (Richards er al., 1990). These responses are abolished by the sodium channel] blocker

TTX.
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The similarity between the effects of the venom and PbTx-3 suggested that the former
might contain a toxin active on voltage-dependent sodium channels and that its mechanism of
action might involve the prolongation of sodium channel inactivation. The presence of such a toxin
was confirmed by the finding that only one fraction obtained following RP-HPLC reproduced the
cardiotoxic and neurotoxic activities of the venom. Sequencing of the material in this peak yielded
v-PMTX, a peptide with strong homology to a— and B—pompilidotoxins (o~ and B-PMTXs), 13-
amino acid peptides isolated from the venoms of the solitary wasps Anoplius samariensis and
Batozonellus maculifrons, respectively (Konno ef al., 1998).

As shown in Fig. 5, the principal difference in the sequence of v-PMTX compared to the
other two toxins is the presence of three additional amino acids at the C-terminal. Six amino acid
residues (Sers, Leus, Leug, Glys, Ilejs and Args) are conserved in the three peptides. In addition,
there are conservative substitutions, i.e., no change in amino acid side chain polarity or charge, at
positions 1, 2, 6, 7 and 8. These conservative changes have retained the positive, negative and
positive residues at positions 2, 6 and 11, respectively. This finding agrees with the structure-
function study of Konno er al. (2000) who reported that conservation of the charged residues at
positions 1, 11 and 13 (positions 12, 3 and 1, respectively, in their nomenclature) was fundamental
for biological activity (repetitive action potentials in lobster leg preparations). The only difference
between the sequences of o-PMTX and B-PMTX is the presence of arginine instead of lysine at
position 2 in B-PMTX. This single change makes B-PMTX 5-7 times more potent in the lobster
leg preparation (Konno et al., 1998, 2000). Interestingly, y-PMTX also contains arginine at this
same position.

In their studies, Konno ef «/ (2000) and Sahara ef al. (2000) also showed that

substitutions at various other positions in the peptides, including aspartic acid at position 6,
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resulted in partial or total loss of activity. These findings indicate that while some residues may be
mmportant for binding to specific sites in sodium channels, all are required to provide the correct
three-dimensional conformation of the peptide. This conclusion is supported by the observation
that fragments of o-PMTX containing 4-9 amino acids were devoid of activity. The effect of
additional amino acid residues beyond position 13 (present in 7-PMTX) was not investigated.

Pompilidotoxins affect neurotransmission by acting on neurons to delay sodium channel
inactivation, generally without affecting the rate or peak of channel activation. This action involves
slowing or blocking the conformational changes required for inactivation and leads to
hyperexcitability of the tissue and consequent blockade of neurotransmission (Konno et al., 1997;
Sahara ef al., 2000). The ability of P. chrysothorax venom and v-PMTX to cause hyperexcitability
was seen in the crab sensory nerve preparation. Our observations that the actions of v-PMTX were
prevented by TTX agree with those of Sahara ez al. (2000) who reported that a-PMTX acted
preferentially on TTX-sensitive sodium channels and had no effect on TTX-resistant sodium
channels of rat trigeminal ganglion neurons. In addition to their action in invertebrate preparations,
a-PMTX and B-PMTX also affect sodium channel inactivation and neurotransmission in the
mammalian central nervous system (Harsch ef al., 1998; Sahara et al., 2000; Yokota et af., 2001;
Miyawaki et @, 2002).

As shown here, y-PMTX interacted with neural and cardiac sodium channels of
invertebrates. Because of the limited amount of purified material available, it was not possible to
compare the potencies of this toxin in the two preparations. Nevertheless, the fact that v-PMTX
affected sodium channels in both tissues differs from the findings of Kinoshita er a/. (2001) who
reported that B-PMTX slowed the inactivation of rat brain sodium channels but not those of rat

heart. This difference was attributed to the presence of an acidic residue (Glul616) in the
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extracellular loop of D4S3-S4 in brain sodium channels compared to the homologous residue
(GIn1615) in heart sodium channels since producing a Glul616Gin mutant in brain channels
abolished sensitivity to B-PMTX whereas doing the reverse in heart channels (GIn1615Glu)
vielded channels sensitive to the toxin. These findings, together with the small size of
pompilidotoxins (13-16 amino acids) compared to scorpion a-toxins (60-65 amino acids) and sea
anemone toxins (46-49 amino acids) which also slow sodium channel inactivation (Catterall,
1995), suggest that perhaps only a small region of the latter two groups of toxins interacts directly
with the receptor site (Kinoshita ef af., 2001). Whether similar selectivities and sensitivities to
PMTXs exist amongst invertebrate voltage-dependent sodium channels remains to be determined.
In conclusion, P. chrysothorax venom blocks neurotransmission and produces cardiac
arrest in arthropods by acting on cardiac and neuronal sodium channels perhaps slowing channel
inactivation and produce a state of membrane hyperexcitability. This effect is also mediated
principally by a novel member of the pompilidotoxin peptide family. This is the first demonstration
of such a toxin in social wasp venoms and indicates that pompilidotoxins may have a widespread
distribution in the venoms of social and solitary wasps. Detailed electrophysiological studies are
now required to compare y-PMTX with the other PMTXs and to assess the extent to which its

structural peculiarities influence its biological activities.

Acknowledgments

The authors thank José Ilton dos Santos for technical assistance, Dr. Edson Antunes
(Departamento de Farmacologia, UNICAMP) for providing tetrodotoxin and brevetoxin, Dr.
Oton Meira Marques (Escola Politécnica de Agronomia, UFBA, Salvador, Bahia, Brazil) for

identifying the wasps, and the staff’ of the Centro de Biologia Marinha (CEBIMAR), Sdo



¥V adP? VOHULL diid SOUIUILI Cnanneis

Sebastido, SP, for providing access to laboratory facilities and accommodation. E.C.S. was
supported by a studentship from Funda¢io de Amparo a Pesquisa do Estado de Sio Paulo
(FAPESP, grant no. 00/05976-6). S.H. is supported by a research fellowship from Conselho

Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq),

References

Abe T, Hariya Y, Kawai N, Niwa A (1989) Comparative study of amino acid composition in an
extract from hornet venom sacs: high content of neuroactive amino acids in Vespa. Toxicon 27,

683-688.

Abe T, Kawai A (1983) Cardioactive effects of hornet venom (Vespa mandarinia). Comp.

Biochem. Physiol. 76, 221-228.

Abe T, Kawai N, Niwa A (1982) Purification and properties of a presynapticaily acting

neurotoxin, mandaratoxin, from hornet (Vespa mandarinia). Biochemistry 21, 1693-1697.

Allalouf D, Ber a, Ishay J (1972) Hyaloronidase activity of extracts of venom sacs of a number of

vespinae (hymenoptera). Comp. Biochem. Physiol. 43 B, 119-123.

Armstrong CM (1992) Voltage-dependent ion channels and their gating. Physiol. Rev. 72, S5-

S13.

112



Wasp venom and sodium channels

Baumann E, Gersch M (1982) Purification and identification of neurohormone D, a heart
acelerating peptide from the corpora cardiaca of teh cockroach Periplaneta americana. Insect

Biochem. 12 (1), 7-14.

Ben Kalifa R, Stankiewicz M, Pelhate M, Serrano-Hernandez SE, Possani LD, Hinkel H, Mebs D
(1997) Action of babycurus-toxin 1 from the East African scorpion Babycurus centrurimorphis

on the isolated cockroach giant axon. Toxicon 35, 1069-1080.

Blagbrough IS, Mova E, Taylor § (1994) Polyamines and polyamine amides from wasps and

spiders. Biochem. Soc. Trans. 22, 888-893.

Catterall WA (1992) Cellular and molecular biology of voltage-gated sodium channels. Physiol.

Rev. 72, §15-548.

Catterall WA (1993) Structure and function of voltage-gated ions channels. Trends Neurosci. 16,

500-506.

Catterall WA (1995) Structure and function of voltage-gated ion channels. Annu. Rev. Biochem.

64, 493-531.

Catterall WA (2000) From ionic currents to molecular mechanisms: the structure and function of

voltage-gated sodium channels. Neuron 26, 13-25.

113



¥¥adp VURHZHE AU SOUILH] CRannets

Costa H, Palma MS (2000) Agelotoxin: a phospholipase A, from the venom of the neotropical

social wasp cassununga (dgelaia pallipes pallipes) (Hymenoptera — Vespidae). Toxicon 38, 1367-

1379.

Chuang CC, Huang WC, Yu HM, Wang KT, Wu SH (1996) Conformation of Fespa basalis

mastoporan-B in trifluoroethanol-containing aqueous solution. Biochim. Biophys. Acta 1292, 1-8.

Edery H, Ishay J, Gitter S, Joshua H (1978) Venoms of Vespidae. In: Handbook of FExperimental

Pharmacology. Vol. 48. Arthopod Venoms. (Bettini S, ed.). pp. 691-771. Spinger Verlag: Berlin.

Fozzard HA; Hanck DA (1996) Structure and function of voltage-dependent sodium channels:

comparison of brain I and cardiac isoforms. Physiol. Rev. 76, 887-926.

Freitas JC, Ogata M, Kodama M, Martinez SCG, Lima MF, Monteiro CK (1992) Possible
microbial source of guanidine neurotoxins found in the mussel Perna perna (Mollusca, Bivalvia,
Muytilidae). In: Recent Advances in Toxinological Research. Vol. 2. (Gopalakrishnakone P, Tan

CK, eds.). pp. 589-596, National University of Singapore Press: Singapore.

Harsch A, Konno K, Takayama H, Kawai N, Robinson H (1998) Effects of a-pompilidotoxin on

synchronized firing in networks of rat cortical neurons, Newrosci. Lett. 252, 49-52,

114



Wasp venom and sodium channels

Ho CL, Hwang LL, Lin YL, Chen CT, Yu HM, Wang KT (1994) Cardiovascular effects of

mastoparan B and its structural requirements. Eur. J. Pharmacol. 259, 259-264.

Ho CL, Ko JL (1988) Purification and characterization of a lethal protein with phospholipase A;

activity from the hornet (Vespa basalis) venom. Biochim. Biophys. Acta 963, 414-422.

Hori S, Kawai N, Niwa A, Ohtani S (1977) Separation of neurotoxins from hornet (Vespa
insularis) venom and their actions on crustacean neuromuscular transmission. J. Neurochem. 28,

1183-1188.

Jeglitsch G, Rein K, Baden DG, Adams DJ (1998) Brevetoxin-3 (PbTx-3) and derivates modulate

single tetrodotoxin-sensivtive sodium channels in rat sensory neurons. Pharmacol. 284, 516-523.

Kawai N, Abe T, Hori S, Niwa A (1979) Effects of a neurotoxin (HTX-E) in hornet venom on

synaptic transmission. Neurosci. Lett. 2 (suppl.), 13.

Kawai N, Abe T, Hori S, Niwa A (1980) Effects of neurotoxin in hornet venom on neuromuscular

transmission of lobster. Comp. Biochem. Physiol. 65C, 87-92.

Kits KS, Piek T (1986) Action of the polyamine B-philanthotoxin on neuromuscular transmission

in insects. Neuropharmacology 285, 1089-1093.



¥Wdsp VEROoMm and sogum channeis

Konno K, Hisada M, Itagaki Y, Naoki H, Nobufumi K, Miwa A, Yasuhara T, Takayama H (1998)
Isolation and structure of pompilidotoxins, novel peptide neurotoxins in solitary wasp venoms.

Biochem. Biophys. Res. Commun, 250, 612-616.

Konno K, Hisada M. Naoki H, Itagaki Y, Yasuhara T, Nakata Y, Miwa- A, Kawai N (2000)
Molecular determinants of binding of a wasp toxin (PMTXs) and its analogs in the Na~ channels

proteins. Neurosci. Lett. 285, 29-32.

Konno K, Miwa A, Takayama H, Hisada M, Itagaki Y, Naoki H, Yasuhara T, Kawai N (1997) a-
Pompilidotoxin {a-PMTX), a novel neurotoxin from the venom of a solitary wasp, facilitates

transmission in the crustacean neuromuscular synapse. Neurosci, Lett. 238, 99-102.

Klowden MJ. Vitale AJ, Trumble MJ., Wessan CR, Trumble WR. (1992) A bicassay for cobra

cardiotoxin activity using semi-isolated cockroach heart. Toxicon. 30, 295-301.

Li Y], Tan ZY, Ji YH (2000) The binding of BmK IT2, a depressant insect-selective scorpion

toxin, on mammal and insect sodium channels. Newrosci. Res. 38, 257-264.

Malpezzi ELA, Freitas JC, Muramoto X, Kamiya H (1993) Characterzation of peptides in sea

anemone venom collected by a novel procedure. Toxicon 31, 853-864,



Wasp venom and sodium channels

Miyawaki T, Tsubokawa H, Yokota H, Oguro K, Konno K, Masuzawa T, Kawai N (2002)
Differential effects of novel wasp toxin on rat hippocampal interneurons. Neurosci. Lett. 328, 25-

28,

Oliveira MR, Palma MS (1998) Polybiatoxins: a group of phospholipases A, from the venom of

the neotropical social wasp paulistinha (Polybia paulisia). Toxicon 36, 189-199.

Pelhate M, Zlotkin E (1982) Actions of insect toxin and other toxins derived from the venom of

the scorpion Androctonus ausiralis on isolated giant axons of the cockroach (Periplaneta

americana). J. Exp. Biol. 97, 67-77.

Piek T (1982) 8-Philanthotoxin, a semi-irreversible blocker of ion channels. Comp. Biochem.

Physiol. 72C, 311-315.

Piek T (1984) Pharmacology of Hymenoptera venoms. In: Handbook of Natural Toxins. Vol. 2.

Insect Poisons, Allergens and other Invertebrate Venoms. (Tu AT, ed.). pp. 135-185. Marcel

Dekker: New York.

Piek T (1991) Neurotoxic kinins from wasp and ant venoms. Toxicon 29, 139-149.

Predel R, Kellner R, Rapus J, Nachman R, Gade G (1999) Post-translational modifications of the

nsect sulfakinins. Fur. J. Biochem. 263, 552-560.

117



YY QR VOENWLE alid SOGHUILL CLIFIITIeLS

Rash LD, Hodgson WC (2002) Pharmacology and biochemistry of spider venoms. Toxcon 40,

225-254.

Richards IS, Kulkarni AP, Brooks SM, Pierce R (1990) Florida red-tide toxins (brevetoxins)

produce depolarization of airway smooth muscle. Toxicon 28, 1105-1111.

Rogers JC, Qu Y, Tanada TN, Scheuer T, Catterall WA (1996) Molecular determinants of high
affinity binding of o-scorpion toxin and sea anemone toxin in the $3-§4 extracellular loop in

domain IV of the sodium channel o subunit. J. Biol. Chent. 271, 15950-15962.

Sahara Y, Gtoh M, Konno K, Miwa A, Tsubokawa H, Robinson HPC, Kawai N (2000) A new
class of neurotoxin from wasp venom slows inactivation of sodium current. Eur J Newrosci. 12,

1961-1970.

Sautiére P, Cestéle S, Kopeya C, Martinage A, Drobecq H, Doljansky Y, Gordon D (1998) New
toxins acting on sodium channels from the scorpion Leiurus quinquesiriatus hebraeus suggest a

clue to mammalian vs insect seletivity. Toxicon. 36, 1141-1154.

Schreibmayer W, Jeglitsch G (1992) The sodium channel activator brevetoxin-3 uncovers a

multiplicity of different open states of cardiac sodium channel. Biochim. Biophys. Acta 1104, 233-

242,



Wasp venom and sodium channels

Vargas-Villarreal J, Martin-Polo J, Reynaud E, Alagon AC (1991) A new affinity adsorbent for

the purification of phospholipases A; and A, from animal venoms. Toxicon 29, 119-124.

Vilaplana L, Maestro JL, Piulachs M-D, Bellés X (1999) Modulation of cardiac rhythm by
allostatins in the cockroach Blattella germanica (L.) (Dictyoptera, Blattellidae). J. nsect Physiol.

45, 1057-1064.

Yasuhara T, Mantel P, Nakajima T, Piek T (1987) Two kinins isolated from an extract of the

venom reservoirs of the solitary wasp Megascolia flavifrons. Toxicon 28, 527-535.

Yokota H, Tsubokawa H, Miyawaki T, Konno K, Nakayama H, Masuzawa T, Kawai N (2001)
Modulation of synaptic transmission in hippocampal CAl neurons by a novel neurotoxin (f-

pompilidotoxin) derived from wasp venom. Newrosci. Res. 41, 365-371.

Yoshida H, Geller RG, Pisano JJ (1976) Vespulakinin: new carbohydrate-containing bradykinin

derivates. Biochemistry 15, 61-64.

Ziotkin E (1999) The insect voltage-gated sodium channel as target of insecticides. Annu. Rev.

Entomol. 44, 429-455.

119



wasp venom and sodium channels

FIGURE LEGENDS

Figure 1. Sensory nerve action potentials recorded during the stimulation of crab (C. danae) leg
mechanoreceptors. (A) Control response to stimulation, and responses in the presence of (B)
brevetoxin (PbTx-3, 5x107 M), (C) P. chrysothorax venom (100 pg) and (D) purified P.
chrysothorax toxin, v-PMTX (6.4 x 10 M). See text for experimental details. Arrow — addition of
venom or toxin. Asterisk - mechanical stimulation of nerve. The mean time lapse between the left
and right panels of each pair was ~0.8 min. The time and voltage scales in (A) are the same for the

other panels.

Figure 2. Effect of tetrodotoxin (TTX) on the sensory nerve action potentials recorded during
stimulation of crab (C. danae) leg mechanoreceptors. (A) Control response to stimulation, and
responses to TTX (10° M) alone (B). (C) and (D) show the effect of TTX on the responses to
brevetoxin (PbTx-3, 5x107 M) and P. chrysothorax toxin, v-PMTX (6.4 x 10° M), respectively.
See text for experimental details. Arrow — addition of venom or toxin Asterisk — mechanical
stimulation of nerve. Note that TTX (10®° M) was added in the interval between the left and right
recordings in each pair (mean time lapse between the left and right panels was ~0.8 min). The time

and voltage scales in (A) are the same for the other panels.

Figure 3. Sucrose gap recordings from electrically stimulated C. danae sensory nerve. Panel A
shows the inhibition of potentials by (1) P. chrysothorax venom (100 ug), (2) P. chrysothorax

toxin, y-PMTX (6.4 x 107 M), (3) TTX (107 M) and (4) PbTx-3 (5 x 107 M). Panel B shows the
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dose-dependence of the inhibition by F. chrysothorax venom. The points are the mean+S E M. of

three experiments. See text for experimental details.

Figure 4. Cardiotoxic action of P. chrysothorax venom in cockroach semi-isolated heart and its
inhibition by TTX (10™* M). (A) Brevetoxin (PbTx-3, 10™ M), (B) P. chrysothorax venom (100
ug), (C) P. chrysothorax purified toxin, v-PMTX (6.4 x 10" M). Note that pretreating the hearts
with TTX abolished the cardiotoxic action of all the venom-and two toxins. The points are the

mean+S.E M. of 4 experiments.

Figure 5. Elution profile of P. chrysothorax venom following RP-HPLC and amino acid sequence
of the toxin (y-PMTX) responsible for the cardiotoxic and neurotoxic activities of the venom. The
arrow in the elution profile indicates the peak corresponding to the sequenced toxin. In the table,
the sequences of a— and B~pompilidotoxins are shown for comparison. Note that a space has been
inserted at position 12 in the sequence for v-PMTX to obtain greater homology. Bold letters —
conserved residues. Underlined letters — conservative substitutions in the v-PMTX sequence (see

text for details).
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Abstract

The neuromuscular action of venoms from three species of social wasps (Polvbia
chrysothorax, Polybia rejecta and Pseudopolybia compressa) from northeastern Brazil were
examined in mouse phrenic nerve-diaphragm preparations. The venoms of 2. chrysothorax and P.
compressa (25, 50 and 100 pg/ml) produced concentration- and time-dependent irreversible (by
washing), neuromuscular inhibition of muscle twitch responses, with complete inhibition occurring
after 120 min at the highest venom concentration (100 ug/mi). P. rejecta had little effect in these
preparations. The venoms of P. chrysothorax and P. compressa also reduced the twitch responses
in chronically denervated mouse diaphragm and markedly inhibited the contractions caused by
acetylcholine (ACh). P. chrysothorax venom depolarized the muscle fiber membrane and enhanced
the frequency of miniature end-plate potentials that had amplitudes of 0.3-1 mV. Histological
analysis showed that the two most active venoms of P. chrysothorax and P. compressa caused
marked myonecrosis characterized by membrane rupture, myofibril disintegration and vacuolation.
These findings indicate that the venoms of the social wasps examined interfered with mammalian
neurotransmission and caused morphological alterations to the muscle. The electrophysiological
results obtained for P. chrysothorax suggest that this venom affects nicotinic receptors directly (as

seen by the reduced reponses to ACh) but may also have a presynaptic action.

Key words: neuromuscular junction, neurotransmission, phospholipase A, phrenic nerve-

diaphragm, Vespidae
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1. Introduction

Wasp venoms contain a variety of components with neurotoxic activity in invertebrate and
vertebrate preparations. These compounds include phospholipases A (Ho and Ko, 1988; Oliveira
and Palma, 1998; Costa and Palma, 2000), kinins, which cause presynaptic blockade of cholinergic
neurotransmission in insects (Piek, 1991), toxins such as o~ and PB-pompilidotoxins (o and B-
PMTXs) from the venoms of the solitary wasps Anoplius samariensis and Batozonellus
maculifrons, respectively, which delay the inactivation of voltage-gated sodium channels (Konno
et al., 1998, 2000; Sahara et al., 2000), and polyamines, such as philanthotoxin (Piek, 1982, Kits
and Piek, 1986), which act principally at glutamate receptors in insect neurons (Eldefrawi ef al,
1993). Compared to their effects on invertebrate preparations, the actions of wasp venoms on
neurotransmission in mammals is not well known. Hornetin, an 18 kDa toxin isolated from the
venom of Vespa flavitarsus, blocks neurotransmission in chick biventer cervicis and mouse phrenic
nerve-diaphragm preparations (Ho and Ko, 1986). Since little is known of the neuromuscular
actions of Brazilian hymenopteran venoms, we have examined the effects of venoms from three
social wasp species found in northeastern Brazil on neurotransmission in mouse phrenic nerve-
diaphragm preparations. The morphological damage produced by the venoms was also examined

by histological analysis.

2. Materials and Methods
2.1. Reagents
Acetylchotine (ACh) was from Sigma Chemical Co (St. Louis, MO, EUA) and chloral

hydrate was from Vtec Quimicas Finas (Rio de Janeiro, RJ, Brazil). The salts for Tyrode solutions
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were from J.T. Baker (Xalostoc, Mexico), Mallinckrodt (Paris, KY, USA) or Merck (Rio de

Janeiro, RJ, Brazil).

2.2, Animals
Adult male Swiss white mice (18-22 g} were supplied by the Central Animal House Service

at UNICAMP. The mice were housed at 24°C with access to food and water ad libitum.

2.3. Collection of venom

Colonies of the social wasps Polvbia chrysothorar, Polybia refecta and Pseudopolybia
compressa were collected in the coastal forest zone of the state of Pernambuco in northeastern
Brazil. The insects were killed with CO, and stored to -20°C until used. When required, the wasps
were thawed on ice and the venom sacs removed along with the sting. Following removal of the
sting, the venom was obtained by gently pressing (without squashing) the venom sacs in a beaker
to expel their liquid content after which the sacs were stirred gently in distilled water with a
magnetic—stirrer at 4° C to .ensure maximum recovery of venom. The venom sacs were |
subsequently removed by centrifugation (4200 rpm, 10 min) and the supernatant then recovered,
Iyophilized and stored to -20° C until required. The protein content of the material thus obtained
was determined by the method of Lowry as modified by Peterson (1977), using bovine serum

albumin as a standard. All amounts of venom mentioned below refer to this protein content.

2.4. Phrenic nerve-diaphragm muscle preparation
The phrenic nerve and diaphragm were obtained from mice amd mounted essentially as

described by Bilbring for rats (1946). The mice were anesthetized with chloral hydrate (300
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me/kg, i.p.) and exsanguinated by sectioning the neck vessels. The preparation was removed and
mounted under a resting tension of 5 g in an organ bath containing 3.5 ml of warm (37 °C) Tyrode
solution (composition, in mM: NaCl 137, KCI 2.7, CaCl; 1.8, MgCl, 0.49, Nat,PO, 042,
NaHCO; 119 and glucose 11.1, pH 7.4) which was gassed continuously with 95%0,/5%CO,.
The preparation was stimulated indirectly through the phrenic nerve (Grass S48 stimulator) with
supramaximal pulses of 0.2 mos duration at a frequency of 0.1 Hz. The muscle twitches were
registered on a Gould RS 3400 recorder via an isometric transducer (Load Cell BG-10 GM). After
allowing 15 min for the preparation to stabilize, venom was added to the bath and the contractile

responses then recorded for up to 120 min.

2.5. Chronically denervated diaphragm

Mouse diaphragms were chronically denervated as described by Vital Brazil (1965) and
used 15 days later. Hemidiaphragm preparations obtained essentially as described in Section 2.4
were mounted under a resting tension of 5 g and connected to a Gould RS 3400 recorder via an
isometric transducer (Load Cell BG-10 GM). The preparations were stimulated directly with
supramaximal stimuli (80 V, 2 ms, 0.1 Hz) delivered by a Grass 548 stimulator. After
approximately 15 min for stabilization, contractile responses to acetylcholine (ACh, 50 and 100
M) were obtained before the addition of P. chrysothorax venom (100 pg/ml) and at the end of
the experiment. Twitch-tension responses were recorded for up to 120 min after the addition of

VENOom.
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2.6. Electrophysiological studies

Miniature end-plate potentials (MEPPs) and resting membrane potentials (RP) were
measured in mouse phrenic nerve-diaphragm preparations using conventional microelectrode
techriques. The dissected muscle was mounted in a lucite chamber contaming aerated (95%0,-
5%0;) Tyrode solution (pH 7.4, 23-27°C) with or without P. chrysothorax venom (100 ug/ml).
Intracellular microelectrodes filled with 3 M KCI (resistance 15-25 MQ) were coupled to a Bimos
operational amplifier (model CA 3140) with a typical input impedance of 1.5 TQ or to an
electrometer of high input impedance (World Precision, 750). Microelectrode placement was
considered adequate when the maximum amplitude of the MEPPs was reached in less than 1 ms.
The MEPPs-and muscle RP were recorded on a Tektronix oscilloscope and, in the case of MEPPs,
were magnified (AM 502 Tektronix amplifier, gain = 100), low-pass filtered (3 kHz) and digitized
(15 kHz sampling rate) using an analog-to-digital converter (Lynx, CAD12/36, resolution: 12 bits)
coupled to a microcomputer (Magitronic) loaded with software (AgDados 5, Lynx) that enabled
digital storage of the MEPPs as well as their subsequent retreival for measurement and analysis.
RP recordings were obtained at or distant from the end-plate region in the absence or presence of

P. chrysothorax venom (100 ug/ml)

2.7. Histological analysis

The ability of the venoms to damage diaphragm muscle was assessed histologically in
phrenic nerve-diaphragm preparations incubated with 2. chrysothorax and P. compressa venom in
Tyrode solution {(composition in Section 2.3) at 37 °C for up to 120 min. At the end of this period,
the muscles were fixed in Bouin solution for 24 h, dehydrated in an increasing ethanol series and
then embedded in paraffin (Histosec Pastilles Pac, Merck KGaA- Germany). Sections 3 um thick
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were cut with a Bio-Rad JB-4 histomicrotome and stained with hematoxylin-eosin. The extent of
muscle damage was determined by calculating the percentage of damaged fibers relative to the
total number of fibrescounted. Control preparations were incubated with Tyrode solution alone

and processed as described above.

2.8. Statistical analysis
The results were expressed as the mean + SEM as appropriate and were compared
statistically using Student’s unpaired r-test (electrophysiological studies) or ANOVA for repeated

measures (myographic studies). A value of p <0.05 indicated significance.

3. Results
3.1. Inhibition of neuromuscular transmission by wasp venoms

The venoms of P. chrysothorax and P. compressa (25, 50 and 100 pg/ml) produced
progressive inhibition of neuromuscular transmission in indirectly stimulated mouse phrenic nerve-
diaphragm preparations, with complete inhibition occurring after 120 min at the highest
concentration of P. chrysothorax venom (Fig. 1). This inhibition was not reverted by washing the
preparations. P. chrysothorax venom (100 ug/ml) produced 50% inhibition in 40+5 min (n=3),
while P. compressa venom (100 pg/mi) caused a similar level of inhibition in 5743 min (n=3). In
contrast, P. rejecta venom had little effect on the contractile responses of diaphragm muscle (253%
reduction in the contractile responses after a 120 min incubation with the highest concentration of

venom ~ 100 pg/ml; results not shownj.
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3.2. Lffect of wasp venoms on chronically denervated diaphragm muscle

The effects of P. chrysothorax and P. compressa venoms on chronically denervated
diaphragm muscle under direct electrical stimulation are shown in Figure 2. P. chrysothorax
venom (100 pg/ml) abolished the contractile responses to ACh (50 and 100 uM) after 120 min,
and also caused a decrease in the muscle twitch-tension responses (Fig. 2). P. compressa venom
(100 pg/ml) had a similar effect on the twitch-tension responses but did not compeletely abolish
the responses to ACh. The inhibitory effects of both venoms on the muscle twitches and responses

to ACh were not reversed by washing the preparations.

3.3. Effect of P. chrysothorax venom on the membrane resting potential

P. chrysothorax venom (100 ug/ml) depolarized muscle fibers and decreased the
membrane resting potential at and distant from the motor end-plate region after 120 min (-80 + 0.4
mV and -75-+ 0.35 mV before and —18 + 6.9 mV and -23 + 0.8 mV 120 min after venom,

respectively, p<0.05 compared to before venom; n=3 each) (Fig. 3.

3.4. Effect of P. chrysothorax venom on the frequency of mepps

The effect of P. chrysothorax venom (100 pg/ml) on the MEPPs frequency depended on
the amplitude class and time interval examined. Thus, the venom markedly increased the
frequency of 0.3-0.4 mV MEPPs from 90 min onwards while for 0.5-0.6 mV MEPPs, an initial
decrease in amplitude was observed followed by an increase from 60 min onwards. For 0.7-1 mV
MEPPs, there were increases after 10 min and 60 min, with decreases in the other intervals. The
venom had no marked effect on the frequency of MEPPs greater than ! mV. Giant MEPPs (2-3

mV) were observed throughout the experiments but were unaffected by the venom (n=3).
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3.3. Morphological changes in diaphragm muscle

Morphological analysis of diaphragm muscle showed extensive damage to muscle fibers
following incubation with the venoms of P. chrysothorax and P. compressa (36:1.2% and
64+0.8% of damaged fibers at 50 ug/ml and 100 pg/mi, respectively) (Fig. 5). The damage

consisted mainly of membrane rupture fiber disintegration and extensive vacuolation.

4, Discussion

The results of this study show that the venoms of P. chrysothorax and P. compressa
interfered with transmission at mammalian neuromuscular junctions in a concentration- and time-
dependent manner. These results were similar to those reported for the venom of another Brazilian
social wasp, Polybia paulista, which also caused concentration-dependent (10-200 pg/ml)
blockade in this same preparation (Oliveira and Palma, 1998). These findings also agree with those
of Edery er al. (1972) who reported that the venom of the oriental wasp, Vespa oriemtalis,
blocked mammalian neuromuscular transmission in cat anterior tibialis, gastrocnemius and soleus
muscles. Similarly, hornetin, a toxin from Vespa flavitarssus venom, blocks neurotransmission in
chick biventer cervicis and mouse phrenic nerve-diaphragm preparations, probably via a
presynaptic action (Ho and Ko, 1986). In addition, the neuromuscular effects of the wasp venoms
examined here occurred in a concentration range similar to that seen with snake venoms of the
genus Bothrops (Prianti et al. (2003) and refs therein).

The attentuated responses to acetycholine seen in chronically denervated diaphragms
following exposure to venoms suggests that part of the action of these venoms was mediated by
non-specific blockade or destruction of nicotinic receptors. However, this post-synaptic action

was much less potent than that seen with snake venoms containing true blockers of post-junctional
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micotinic receptors (Goularte ef al., 1995; Tsai er al., 19935). Similar findings have also been
reported for venom from several Bothrops snake species (Rodrigues-Simioni ef al., 1983 Cogo et
al., 1993; Harvey et al., 1994; Prianti ef al., 2003).

The electrophysiological results obtained with P. ehrysothorax venom indicate muscle fiber
membrane depolarization (changes in resting potential) and a presynaptic action involving nerve
depolarization and an augmented release of neurotransmitter (changes in MEPPs frequencies).
Tﬁese findings could partly explain the attenuated response to exogenous acetylcholine in
denervated preparations. The venoms of the spiders Phoneutria nigriventer (Fontana and Vital
Brazil, 1985) and dncylometes sp. (Grégio et al,, 1999) depolarize the muscle fibers in phrenic
nerve-diaphragm preparations and increase the frequency of MEPPs, a finding compatible with the
mvolvement of sodium channels in the inhibition of neurotransmission (see Vital Brazil and
Fontana, 1993). These observations suggest that P. chrysothorax venom may contain toxins that
can affect voltage-gated sodium channels and nicotinic acetylcholine receptors.

A direct action of the venoms on muscle fibers was also suggested by the moderate
blockade of the muscle contractile responses seen in denervated preparations and by the extensive
myonecrosis observed histologically. The myonecrosis produced by these wasp venoms was
similar to that seen with their content of various Bothrops venoms, for which such damage has
been associated with PLA; myotoxins present in the venoms (Gutiérrez and Lomonte, 19953). As
reported elsewhere (Cardoso-Silva ef al, submitted), the three wasp venoms contained PLA,
activity, with the order of potency being P. chrysothorax > P. compressa > P. rejecta.
Interestingly, the extent of myonecrosis caused by the three venoms in diaphragm muscle generally
agreed with the order of PLA,, suggesting perhaps that this enzyme was involved in the effects

observed.
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In conclusion, the venoms of the social wasps studied here generally caused progressive,
concentration-dependent inhibition of neurotransmission in mouse phrenic nerve-diaphragm
preparations. This effect apparently involved postsynaptic and, to a lesser extent, presynaptic
actions. The venoms also produced extensive myonecrosis which could indicate a direct toxic

action on muscle fibers. The clinical relevance of these findings remains to be established.
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FIGURE LEGENDS
Figure 1. Inhibition by social wasp venoms of neurotransmission in mouse phrenic nerve-
diaphragm preparations. The preparations were mounted and stimulated indirectly as described in
Section 2. The recordings are from a representative experiment for each venom and the graphs

show the mean responses (+ SEM) for 3-4 experiments. W — wash.

Figure 2. Effect of social wasp venoms on muscle twitch response in chronically denervated mouse
diaphragm. Note that the venoms moderately inhibited the responses to direct stimulation and also
greatly reduced or nearly abolished the contractures caused by acetylcholine. The preparations
were denervated and mounted as described in Section 2. The recordings are representative of three

experiments.

Figure 3. Changes in the membrane potential of mouse diaphragm muscle caused by P
chrysothorax venom (100 ug/ml) at and distant from the motor endplate. The preparations were

mounted as described in Section 2. The points are the mean + SEM of four experiments.

Figure 4. Alterations in the frequency of miniature end-plate potentials (MEPPs) in mouse isolated
diaphragm in response to P. chrysothorax venom (100 ug/ml). The preparations were mounted as

described in Section 2. The columns are the mean = SEM of 3-4 experiments.

Figure 5. Myonecrosis caused in mouse phrenic nerve-diaphragm preparations incubated with P,
chrysothorax and P. compressa venom (100 pug/ml) for 120 min. HE staining. Magnification —

150x.
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No artigo 3 deste trabalho foi utilizada preparagées eletrofisiologicas de estimulagio
de nervo sensorial de crustaceos. Esta prepara¢io consiste em avaliar os efeitos
neurotoxicos de substincias biologicamente ativas. Resumidamente,. a preparacgio foi feita
com crustaceos decapodes braquitiros da espécie Callinectes danae (siri azul), adultos. O
segundo ou terceiro pares de apéndices locomotores foram separados provocando
autotomia por compressdo do articulo proximal (base-isquio). Os articulos foram
removidos por sec¢io das membranas articulares (artrodiais) e liberag@o das articulas de
cada um, possibilitando sua remog¢@o como uma luva de um dedo. O dactilo com nervo
apenso foi transportado para uma cdmara de registro, montada em uma Gaiola de Faraday
para eliminar as interferéncias externas. A extremidade do dactilo permaneceu exposta afim
de ser estimulado por gotas de agua do mar filtrada que caia de uma altura de cerca de 15
cm a uma freqiiéncia constante. O feixe nervoso passou por uma pequena cimara de 100 ul
para aplicagio do veneno testado e foi conectado a2 um eletrodo de sucgdo (Fig. 1). O nervo
foi mantido em solugfo fisiolégica para Callinectes danae. Os venenos foram diluidos em
solugio fisiologica e aplicados no compartimento na quantidade de 100 pg, que representa
a dose de 100% de resposta.

Nas preparagdes de “sucrose gap”, o nervo sensorial foi removido de acordo com o
procedimento anterior, porém, seccionando-se o nervo, separando do dactilo e isolando
eletricamente através de lavagens sucessivas com solugdo de sucrose 1M em cimaras de
acrilico (Fig. 2). Nesta preparagio foram utilizadas as quantidades de 10, 30 e 100 pg, para

a curva dose-resposta.



Os registro foram coletados através do programa de aquisi¢io de dados Whole
Cells Electrophysiology Program (WCP) versio 1.2 (Digidata 1200, Axon Instruments,
Union City, CA, USA).

As figuras 3, 4 e 5 representam a purificagio e testes bioldgicos realizados com a
pegonha da vespa P. compressa, seguindo os protocolos descritos no artigo 3 (Pag. 99). Nas
figuras 6 e 7, sdo mostradas as agBes das peconhas das vespas sociais Polybia rejecta e as
espécies solitarias Pypper sp. 1 e Pypper sp. 2. Nas preparagdes de nervo frénico-diafragma
de camundongos conforme descrito no artigo 4 (Pag. 131). De um modo geral estas vespas

apresentaram pouca ou nenhuma atividade sobre as preparagdes utilizadas neste trabalho.
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FIGURA 1. Diagrama de montagem eletrofisioldgica da preparagio de nervo sensorial
isolado de C. danae. CA= cimara de aplicagio, PD= dactilo, NS= nervo sensorial, SF=
soluggo fisiologica, EI= eletrodo indiferente, ES= eletrodo de sucgdo, AMF= 4gua do mar
filtrada, EM= estimulo mecénico, PA= pré-amplificador AC, MO= osciloscopio, MA=

monitor de audio, Al= integrador, PR= poligrafo, GF= gaiola de Faraday.
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FIGURA 2. Esquema de montagem eletrofisiologica da preparacdo de nervo sensorial
isolado de C. danae na técnica de "sucrose-gap”. CN= cdmara do nervo, EE= eletrodo de
estimulo, ER= eletrodo de registro, PA-DC= pré-amplificador DC, V= voltimetro, OSC=
osciloscopio, FT= fonte, COM= computador, IN= interface A/D, GF= gaiola de Faraday. A

seta indica a cAmara de 100 pl onde sdo aplicadas as amostras a serem testadas.
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FIGURA 3. Perfil da cromatografia de fase reversa HPLC em coluna de Sephasil C18 da
pegoonha de P. compressa. A coluna foi equilibrada com TFA 0,1% e as proteinas eluidas
com gradiente 0-65% de acetonitrila 66%, com fluxo de 1 mi/min. Perfil de eluigdo fot

monitorado a 280 nm, A seta indica a fragdo ativa
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FIGURA 4. Nervo sensorial isolado em estimulo dos mecanorreceptores do dactilo. Efeitos
da pegonha (B)e fragdo (C) isolada da vespa P. compressa (100 pg). (A) registro controle
dos potenciais deflagrados. Os simbolos (*) e seta representam os pontos de estimulacio e
de aplicacio da pegonha ou fragdo, respectivamente. Os registros sio representativos de 3 a

4 experimentos cada
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FIGURA 5. Nervo sensorial isolado em sucrose gap, com estimulos elétricos. Bloqueio do
potencial de agio evocado na presenga da peconha (100 ug) de F. compressa (A). (B)

Bloqueio capsado pela TTX (10_6 M). (C) Inibicdo do potencial de agdo por

despolarizagdo da fibra nervosa provocada pela PbTx-3 (5;‘\(10_7 M). C = potenciais
controles. O grafico em baixo representa a cuva dose-resposta (10, 30 e 100 ug) para a

peconha P. compressa. Os registros sao representativos de 3 a 4 experimentos cada
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FIGURA 6. Agéo de veneno de vespas sociais (P. rejecta) e solitarias (Pypper sp 1 e sp 2)
sobre a neurotransmissdo em preparagdes nervo frénico-diafragma de camundongos. Os
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FIGURA 7. Agio de veneno de vespas sociais (P. rejecta) e solitarias (Pypper sp 1 e sp 2)

sobre a meurotransmissio em preparagdes nervo frénico-diafragma de camundongos. Os

pontos representam a média+EPM de 3 preparages
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DISCUSSAO GERAL

As peconhas de vespas contém uma variedade de componentes de baixo peso molecular,
incluindo aminocacidos, aminas biogénicas e peptideos {ver Introdugio), e resultados da
presente série de estudos indicam que tais componentes s3o responséveis pelos efeitos observados
em nosso trabalho.

Q artigo 1 {pag. 49) demonstra, através do uso de antagonistas seletivos para acetilcolina
(atropina), histamina (pirilamina), 5-HT (metisergida) e bradicinina (Hoe-140), que as trés
pegonhas das vespas socials contém aminas bicgénicas como constituintes e que estio desprovidas
de cininas. No caso da P. chrysothorax e P. rejecta, os principais mediadores das respostas
contrateis em ileo isolado de cobaia foram a histamina e serotonina enquanto que na pegonha de
P. compressa, este mediador parece ser a acetilcolina, Estes resultados concordam com a presenca
destas substdncias em outros venenos de vespa. Assim, por exemplo, acetilcolina ocorre em
grandes quantidades nas pegonhas das vespas sociais Vespa crabro (HABERMANN, 1972) e
Vespa oriemtalis (EDERY et al, 1972). Histamina foi identificada na peconha das vespas
Megascolia flavifrons (PIEK et al., 1983) e Vespa crabro e Vespa vulgaris (EDERY e al.,
1978), enquanto que a serotonina foi detectada nas peconhas de V. orientalis, V. vulgaris e P.
rejecta (EDERY et al., 1972, 1978). Ji a pegonha da vespa solitaria Philanthus trianguium é
desprovida tanto de histamina como de serotonina (PIEK et a/., 1983).

As cininas s3o amplamente distribuidas em pegonhas de vespa, especialmente nas sociais
(YOSHIDA ef al, 1976, HORI ef al, 1977, NAKAJIMA, 1984. YASUHARA et af., 1987;

PIEK, 1984, 1991), de modo que a auséncia destes peptideos nas espécies estudadas aqui €

mteressante. Em estudo anterior (BUZIN, 1999), observamos a presenca de cininas na pegonha da
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vespa social Polistes lanio lanio. Ao contrario das sociais, as vespas solitarias geralmente estdo
destituidas de cininas (KONNQ ez al., 2002).

Partindo destes dados, as a¢des das peconhas sobre preparagOes de invertebrados foram
investigadas. Orglos e tecidos isolados de artropodes tém sido amplamente usados em
investigagOes farmacologicas e fisiologicas para estudar a agio de substéncias enddgenas e
identificar toxinas isoladas de diversos venenos amimais. Estes bioensaios tém favorecido a
descoberta de numerosos compostos inseticidas e regulatérios (BROWN e STARRAT, 1975;
MILLER, 1979; USHERWOOD e MACHILI, 1979; BAUMANN e GRECH, 1982; PASS et alf.,
1988; CUTHBERT e EVANS, 1989; PREDEL ef o/, 1994; LANGE ef al., 1995; AMAT et al.,
1997;: EAST er al., 1997; ECKER ezal., 1999; WEGENER e NASSEL, 2000; ROSE et al., 2000;
SLIWOWSKA et al., 2001). Também tém sido empregadas na avaliacio da toxicidade de venenos
e toxinas de serpentes, escorpides, aranhas e himenopteros (HORI ef al., 1977, ENTWISTLE et
al, 1982, PELHATES e ZOLTKIN, 1982; GAWADE, 1983; KITS e PIEKS, 1986, 1991;
KI.LOWDEN ef al., 1992; BEN KALIFA ef al., 1997, KONNO et al., 1998; SAUTIERE ef al.,
1998; STANKIEWICZ et al., 2000; FIGUEREDO ef al., 2001; HILL e BLAGBURN, 2001).

No artigo 2 {pag. 67), estd demonstrado que no sdo as aminas biogénicas que exercem o0s
efeitos toxicos nas preparagdes de coragdio semi-isolado de barata (Lewcophea madere) e sim
toxinas que afetam principalmente os canais de sOdio voltagem-dependentes. Qutro fato
interessante refere-se & presenca de fosfolipase nestas pegonhas € que a depressdo na freqgiiéncia
cardiaca das baratas observada, nio ¢ mediada por estas fosfolipases, apesar da alta atividade
enzimatica, como apontam os resultados. Estas enzimas (FLA,, FLA; e FLB) estio presentes em
peconhas de vespas (KING er al., 1984; SCHMIDT er al, 1986; HO e KO, 1988; TKASAK]l e

FUKUMOTO, 1989; VARGAS-VILLARREAL ef al., 1991, OLIVEIRA e PALMA, 1998,
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COSTA e PALMA, 2000) e tém sido descritas como as responsavels por produzirem contragdo
em musculo lise, hemolise (OLIVEIRA e PAIMA, 1998), degranulacio de mastocitos
(HABERMANN, 1972) e acfo neurotoxica (EDERY er al,, 1972). Além de, juntas com a
hialuronidase e antigeno 5. desencadearem as reacdes alérgicas apos a picada (HOFMANN, 1985,
LITTLER et al., 1985; KING et al, 1996).

Juntando as conclusdes obtidas neste artigo 2 aos perfis cromatograficos das pegonhas
mais ativas {ver artigo 3 e Resultados Adicionais), sugere-se que hajam toxinas ativas em canais
de sddio e que representem os elementos de maior constitui¢do nas pegonhas.

Na tentativa de responder a estas questdes, recorreu-se a técnicas eletrofisiologicas. No
artigo 3 (pag. 97) deste trabalho, preparacdes de nervo sensorial do crustaceo s azul
(Callinectes danae) (FREITAS et al., 1992; MALPEZZI et al., 1993) foram utilizadas (para
descrigdio da aparelhagem, ver Resultados Adicionais). Os resultados obtidos mostram claramente
que as peconhas das vespas P. chrysothorax e P. compressa, assim como as respectivas fragbes
ativas testadas, apresentaram como respostas um disparo de potenciais de aco independentes do
estimulo mecéanico. Semelhante efeito foi observado com a preparagio na presenga da PbTx-3,
que despolariza as membranas excitdveis deixando o canal aberto, aumentando o influxo dos ions
sddio e provocando salvas de potenciais de agiio (RICHARDS ef al., 1990, SCHREIBMAYER ¢
JEGLITSCH, 1992; JEGLITSCH et al., 1998). Estas respostas sugerem uma hipersensibilizago
da fibra nervosa causada por agentes que modulam a ativacio ou retardo do mecanismo de portéo
dos canais de sédio voltagem-dependentes (ARMSTRONG, 1992; CATTERAILL, 1992). Como
suporte a estes dados, a seqiiéncia de aminodcidos obtida da fracio ativa da peconha da P.
chrysothorax assemelha-se em estrutura molecular e carga isoelétrica, além dos efeitos

fisiologicos, com as o~ e P-PMTX, isoladas das pecgonhas das vespas solitarias Anoplius
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samariensis e Batozonellus maculifrons, respectivamente, e que tém aclo pré-sinaptica,
desativando a corrente de sodio de axdnios de artropodes retardando o mecanismo de portdo dos
canais de sodio (KONNO eral, 1997, 1998, 2000; SAHARA e7 al., 2000).

Varios estudos ja demonstraram que pegonhas de vespas contdém neurotoxinas que sdo
ativas prmcipalmente em preparacdes neuromusculares de insetos (PIEK 1982; KITS e PIEK,
1986, KONNO et al, 1997, 1998). Além disso, alguns estudos também revelam a acgéo
neurotoxica destas peconhas em preparagSes de mamiferos {EDERY, 1972; BARSCH et al ,
1998; KONNO er al., 1998; OLIVEIRA e PALMA, 1998; SAHARA ef al., 2000; YOKOTA e?
al., 2001, MIYAWAKI ef al., 2002). Por exemplo, a hornetina, da peconha da Vespa flavitarssus,
tem aglo pré-sinaptica em preparagtes biventer cervicis de pintinho e em nervo frénico-diafragma
de camundengo (HO e KO, 1986). Mais recentemente, NABIL et al. (2002) relataram que
pegonhas das vespas solitarias Bembix oculata, Dielis collaris e Scolia erythrocephala exercem
aghes toxicas em diferentes tipos de muisculos de mamiferos.

Diante disso, investigamos se as pegonhas apresentavam efeitos significativos em
prepara¢es de mamiferos (artigo 4; pég_ 127), sendo utilizadas para isso preparacdes de juncio
neuromuscular de camundongos. No nervo frénico-diafragma de camundongos, as peconhas de
P. chrysothorax e P. compressa apresentaram maiores efeitos sobre a neurotransmissio quando
comparadas as outras pegonhas estudadas neste trabatho (P. rejecta, Pypper spl e Pypper sp2, ver
Resultados Adicionais), causando bloqueios de 80% & 90% das respostas contrateis. As pegonhas
nao apresentaram agGes nas preparagdes de biventer cervicis de aves (resultados ndo mostrados).
Nas andlises eletrofisiologicas realizadas com a pegonha de P. chrysothorax, houve uma
significativa despolarizagio induzida tanto na regifo da placa terminal quanto em regides distantes

da placa. Estas observagdes, somadas ao bloqueio- da resposta contratil indireta em preparagdes
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nervo frénico-diafragma de camundongo e ao blogueio da resposta da ACh exdgena em
preparacGes de diafragma cronicamente desnervade, sugerem a principio um efeito pos-sinaptico
da peconha nos receptores- nicotinicos, considerando ainda os danos nas fibras musculares,
possivelmente causados pela agdo miotoxica das fosfolipases (GUTIERREZ e LOMONTE, 1995;
OWNBY eral, 1997, OLIVEIRA e PALMA, 1998).

As acdes despolarizantes de varias toxinas nas regides juncionais € ndo juncionais da
membrana muscular, bem como a disiribuicdo dos canais de sodio envolvidos nestes eventos que
extendem-se tanto nas regides sinapticas quanto ao longo da fibra muscular, com maior densidade
proximo & placa motora, foram discutidas por VITAL BRAZIL ¢ FONTANA (1993). Uma agio
pré-sinaptica pode levar a despolarizagio da membrana do axdnio (FONTANA e VITAL-
BRAZIL, 1985, GREGIO ef al., 1999), enquanto que uma agdo pos-sinaptica pode afetar os
canais de sodio da membrana da fibra muscular, os receptores nicotimicos da regido da placa, ¢
causar dos danos no musculo (EDERY eral., 1972; VITAL BRAZIL e FONTANA, 1993). Estes
mecanismos de agdo sugerem a presenca na pegonha de P. chrysothorax de uma toxina ativa sobre

canais de sédio da juncdo neuromuscular.
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CONCLUSOES

1- Das peconhas investigadas neste estudo, apenas as espécies sociais Polvbia

chrysothorax, Pseudopolybia compressa e Polybia rejecta apresentaram agdes expressivas e

significantes nas preparagdes de artropodes e mamiferos empregados.

2- Os resultados obtidos neste estudo sugerem que as toxinas presentes nas peconhas das

vespas P. chrysothorax e P. compressa atuam sobre os canais de Na ' voltagem dependentes da

fibra nervosa e muscular de msetos.

3-a seqtiéncia obtida (ARSLLEGLGIRRGSA) para uma toxina da pegonha da P.

chrysothorax indicotr que o peptideo pertence a familia de peptideos conhecidos como pompili
dotoxinas (PMTX), a qual contém duas isoformas, o-PMTX e B-PMTX, purificados das

pegonhas de vespas solitarias.

4- A demonstracio de que as agles cardio- € neurotdxicas da pegonha de P. chrysothorax:

eram devidas em grande parte & presenca de uma isoforma de PMTX sugere que pegonhas de
espécies de vespas sociais podem servir de fontes para moléculas com potencial utilidade como

mseticidas.
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SUMMARY

Wasp venoms produce a variety of biological effects, including pain, edema,
hypotension, hepatotoxicity and allergic reactions. With the exception of bee (Apis
mellifera) venom and of a few wasp species, little is known of the toxinology of Brazilian
hymenopterans. In this work, we examined the pharmacological activities of venom from
three species of social wasps (Polybia chrysothorax, Pseudopolybia compressa and Polvbia
rejecta, family Vespidae) and two species of solitary wasps of the genus Pypper (family
Scoliidae) found in northeastern Brazil. Specifically, we evaluated the activity on smooth
muscle (guinea pig isolated ileum), the cardiotoxicity in cockroach semi-isolated heart, and
the action on neurotransmission in crustacean (Callinectes danae, blue crab) sensorial nerve
and in mouse phrenic nerve-diaphragm preparations.

The venoms of the three social species (0.001-100 pg/ml, depending on the venom)
contracted guinea pig isolated ileum, with ECsq of 0.25 + 0.05 ug/ml, 8.75 + 1.25 pg/mi
and 7.65 + 1.85 pg/ml (mean+SEM, n=4) for P. chrysothorax, P. rejecta and P. compressa,
respectively. The venoms of the two species of Pypper were inactive in this tissue. Pre-
incubating the tissues with atropine (antagonist of muscarinic receptors, 10 uM),
methysergide (antagonist of serotonin 5-HT; receptors, 10 uM), and pyrilamine (antagomst
of histamine H; receptors, 10 uM) inhibited the contractile activity of the three social
venoms, whereas Hoe-140 (antagonist of bradykinin B, receptors, | uM) had no effect on
the responses. These results indicate that the social wasp venoms contained amines
{acetylcholine, histamine and serotonin) but not kinins.

The three venoms (1-100 ug) showed cardiotoxicity in cockroach semi-isolated
heart, with the most potent being P. chrysothorax and P. compressa, the venoms of the
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genus Pypper were inactive in this preparation. Investigation of the mechanisms
responsible for this effect based on the use of antagonists/inhibitors indicated that there
was no contribution by venom amines and that the most probable cause was an action
involving ion channels, especially sodium channels and, to a lesser degree, potassium
channels. The venoms showed the following order of potency for their phospholipase A
activity: P. chrysothorax/P. compresas> P. rejecta >> Pypper spp. However, this activity
contributed little to the observed effects since indomethacin only delayed the cardiotoxicity
but did not abolish it.

The vepoms of P. chrysothorax and P. compressa (100 ug each) increased the
spontaneous electrical activity of crustacean sensorial nerve in a manner similar to that
observed with brevetoxin (5x107 M), a marine toxin that affects the gating mechanism of
voltage-dependent sodium channels. These venoms also inhibited sensory nerve action
potentials in sucrose gap experiments. This effect was abolished by tetrodotoxin (107 M),
a blocker of voltage-dependent sodium channels. The venoms of P. rejecta and of the genus
Pypper were mactive in this preparation.

The venom of the three social species (25-100 pg/ml), but not the solitary species,
inhibited peurotransmission in mouse phrenic nerve-diaphragm preparations (the time for
50% blockade of the contractile responses was 40 + 5 min and 57 + 3 min for P.
chrysothorax and P. compressa, respectively, at 100 pug/ml; n=3 each). This inhibition was.
irreversible by washing the preparations. The social wasp venoms also depolarized the
muscle fiber membrane and the terminal endplate of neuromuscular junctions. These
observations suggested a possible postsynaptic action for the venoms, with some

presynaptic involvement. The three social venoms also produced morphological alterations
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in muscle that were compatible with myonecrosis. The level of this damage correlated
with the venom PLA; activity.

The fractionation of P. chrysothorax and P. compressa venoms by RP-HPLC on a
Cis column resulted in several peaks. The main peak of P. chrysothorax venom was
sequenced. The sequence obtained (ARSLLEGLGIRRGSA) indicated that the peptide
belonged to the family of peptides known as pompilidotoxinas (PMTX), which contains
two isoforms, oi-PMTX and B-PMTX, purified of the venoms of the soltary wasps Anoplius
samariensis and Baiozonellus maculifrons, rtespectively. This toxin reproduced the
cardiotoxicity in cockroach heart and the blockade of neurotransmisson i crustacean
nerves seen with P. chrysothorax venom. The results of this study indicate that the venoms
investigated had several biological activities. The demonstration that the cardio- and
neurotoxicity of P. chrysothorax venom were largely attributable to the presence of a novel
isoform of PMTXs suggests that venom social wasp of species may serve as a source of

molecules with potential usefulness as insecticides.
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