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RESUMEN 

El veneno de los alacranes que se consideran peligrosos para el ser 
humano contiene un grupo heterogéneo de toxinas. Estas se han 
clasificado en dos grandes familias: una llamada de toxinas de cadena 
larga y otra la conforman toxinas de cadena corta específicas para canales 
de potasio (K4). Las toxinas de cadena larga se encuentran en una mayor 
concentración en el veneno y ejercen su efecto fisiológico sobre los 
canales de sodio (Na+) dependientes de voltaje. 

Las toxinas que tienen efecto sobre mamíferos se han clasificado a 
su vez en toxinas de tipo u y dependiendo del mecanismo molecular de 
acción sobre canales de Na+. En esta tesis se describe la purificación y 
caracterización bioquímica de una nueva toxina proveniente del veneno 
del alacrán Centruroides infamatus infamatus Koch y otra del alacrán 
Centruroides limpidus limpidus Karsch. El propósito de este estudio es 
ahondar en el conocimiento de la relación estructura-función de las 
toxinas sobre canales Jónicos de Na'. Se incluyen datos sobre el efecto del 
veneno de Centruroides limpidus limpidus in vivo sobre páncreas de ratón. 
Del veneno del Centruroides infamatus infamatus se aisló el componente 
II.11.1 denominado toxina 1 y del Centruroides limpidus limpidus se aisló 
el componente 11.9.3.4 denominado toxina 2. De ambas se obtuvo su 
secuencia de aminoácidos mostrando que contienen 66 residuos y entre 
ambas existe un 98% de homología en su estructura primaria. Se probaron 
ambas toxinas en experimentos de desplazamiento en membranas de 
cerebro de rata con toxinas marcadas con 1251. El control se hizo con la 
toxina 2 de C. noxius marcada con 1251, la cual se une al canal de Na+. En 
ambos casos las dos toxinas nuevas desplazaron la toxina 2 de C. noxius 
indicando que reconocen al mismo sitio en el canal de Na+. Asimismo, 
utilizando un sistema electrofisiológico con ovocitos de rana en los cuales 
se expresó el mensajero para el canal de Na+  de músculo esquelético de 

1 

1 



Resumen 	 ii 

rata (dona 02) se puso en evidencia el efecto de ambas toxinas en este 
tipo de canal Jónico. 

Concluimos que estos dos péptidos son toxinas de cadena larga que 
afectan a mamíferos y su efecto molecular es sobre canales Jónicos de Na' 
clasificándolas como toxinas de tipo II. El efecto sobre el páncreas mostró 
cualitativamente alteraciones histopatológicas con cambios mínimos en la 
secreción exocrina. 



SUMMARY 

The venom of scorpions considered to be poisonous to human beings 
contain a heterogeneous group of toxina. These have been clustered in two 
big families of peptides, one the so-called long chain toxina and the other 
the short chain toxina. The long chain toxina are found in a greater 
concentration and exert their physiological effect on the Na+  channels 
which are voltage dependent. In turn, the toxina specific to mammals 
have been classified in toxina clases a and depending on their effect on 
the Na+  channel. 

This dissertation describes the purification and the biochemical 
characterization of two toxina isolated from the venom of the scorpions 
Centruroides infamatus infamatus Koch and Centruroides limpidus 
límpidas Karsch. The purpose of the study is to contribute to the 
knowledge of the structure-function relationship of the toxina actives 
upon Na+  ionic channels. Resulta concerning the effect of the venom of 
Centruroides limpidus on mouse pancreas are included. From the venom 
of the Centruroides infamatus the component 11.11.1 denominated toxin 1 
was isolated. From the Centruroides límpidas venom the component 
11.9.3.4. denominated toxin 2 was isolated. For both, toxin 1 and 2, their 
amino acid sequences were obtained. They contain 66 amino acid residues 
and showed a 98% Identity on their priman, structure. Both toxina were 
tested in binding-displacernent experimenta using rat brain synaptosomal 
meinbranes and radiolabeled toxin 2 from C. noxius, another well 
characterized Na*  channel toxin. Twain Cii 1 and CII 2 displaced binding of 
1251-Cn toxin 2 with very similar affinities and kinetics. Using a frog 
oocyte expression system with the Na+ channel done Ii12 from rat skeletal 
muscle it was shown that both toxina affect ion permeability in this type 
of channel. 
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Summary 	 iv 

We conclude that the novel toxina described here are long-chain 
peptides, speciftc for mammalian Na+  channeis, and modified the function 
of these channels in a similar way as that described for toxina of the clase 
p "beta". The effect on the pancreas showed qualitatively hystopathologic 
alterations with minimal effects on the exocrine secretion. 



PREFACIO 

Esta tesis recopila los resultados experimentales obtenidos durante 
el curso de Doctorado como alumno de la UACPyP en el Instituto de 
Biotecnologia de la UNAM, comprendiendo cuatro publicaciones como 

primer autor. 

El trabajo realizado se presenta de la siguiente manera: 

1.- Articulo sometido como primer autor: 
"DEHESA-DÁVILA M., RAM1REZ A. N., ZAMUDIO Z. F., GURROLA G. H., 
LIEVANO A., DARZON A. Y POSSANI L. D. Structural and functional 

comparison of toxina from the venom of the scorpions Centrum!~ 

infamatus 
infamatua, Centruroidea limpidua limpidua and Centrum!~ nonius", 

sometido a la revista Comparative Biochemistry and Physiology. 

Este articulo contiene los resultados de una serie de experimentos 
comparativos, tanto de la parte estructural como funcional, de toxinas 
provenientes de tres especies diferentes de alacranes mexicanos. 

Las dos publicaciones siguientes contienen: una, los resultados 
obtenidos sobre el aislamiento de una toxina del veneno del alacrán 
Centrum!~ infamatua infamatus y su efecto sobre los canales de Na+  en 
células nerviosas. El otro artículo versa sobre el problema del alacranismo 
en México abordando aspectos epidemiológicos y centra su atención en el 
uso clínico del antisuero antialacrán, el cual muestra su utilidad y 
eficiencia. Este articulo lúe elaborado por invitación del Dr. Man Harvey, 
editor de la revista Toxicon al Dr. L. D. Possani (anexos 1 y 2). 
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2.- DEHESA-DÁVILA M., MARTIN B. M., NOBILE M., PRESTIPINO G. Y 
POSSANI L. D. (1994) Isolation of a toxin from Centruroides 

infamatus 
infamatus Koch scorpion venom that modifico Na' permeability on 

chicle 
dorsal root ganglion cella. Toxicon 32:1487-1493. 

3.- DEHESA-DÁVILA M. Y POSSANI L. D. (1994) Scorpionism and 
Serotherapy 

in Mexico. Toxicon 32; 1015-1018. 

Finalmente, se anexa otra publicación como primer autor en donde 
se desglosa la distribución de las especies venenosas de alacranes en 
nuestro pais, sus características epidemiológicas, cuadro clínico, primeros 
auxilios y tratamiento médico (anexo 3). 

4.- DEHESA-DÁVILA M., ALAGÓN C. A. Y POSSANI L. D. (1994) Chacal 
toxicology of scorpion stings. En: CRC Handbook of Human 

Toxicology 
Series, Editores Jurg Meter y Julian White (en prensa). 

Además se presentan algunos resultados no publicados sobre la 
secreción ~mina de páncreas y el desarrollo de una pancreatitis aguda 
en ratones, mostrada por la determinación de ►milasa sérico y estudios de 
histopatologia con microscopio de luz. Estos experimentos se llevaron a 
cabo durante una estancia en el laboratorio del Dr. Paul L. Fletcher Jr., 
Departamento de Microbiología e Inmunología de East Carolina University, 
Greenville, Carolina del Norte, USA. También, durante el desarrollo de esta 
tesis se publicó un capítulo de libro titulado: Protección contra el 
alacranismo en Vacunas, Ciencia y Salud, (editores Alejandro Escobar 
Gutiérrez, José Luis Valdespino Gómez y Jaime Sepúlveda Amor) editado 
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por la Secretaria de Salud, Subsecretaría de Coordinación y Desarrollo 
(1992) de los autores Lourival D. Posean', Emma S.A. Calderón, Timoteo 
Olamendi P., Manuel Dehesa-Dávila y Georgina B. Gurrola, del cual no se 
incluye copia. 
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1 	INTRODUCCION 

A) GENERALIDADES 

El alacranismo en México es un problema de salud pública que afecta 
a la población tanto del medio rural como del medio urbano con 200,000 
casos de envenenamiento y 310 muertes por año, lo cual constituye las 
cifras más elevadas de morbi-mortalidad (Dehesa-Dávila y Possani, 1994). 

Las especies tóxicas de alacranes de importancia médica tienen una 
amplia distribución en el mundo. Se localizan al Norte de Africa, Medio 
Oriente e India y pertenecen a los géneros Androctonus, Leiurus, Buthus, 
Buthotus y Heterometrus. En el continente americano, los géneros tóxicos 
son el Centruroides en el sur de los Estados Unidos y México y el Tityus 
localizado principalmente en Trinidad y Tobago, Venezuela y Brasil. Todos 
estos géneros pertenecen a la familia Buthidae (Hoffmann, 1932; Balozet, 
1971). 

En México, los estudios taxonómicos y biogeográficos más completos 
sobre los alacranes mexicanos fueron realizados por Hoffmann en la 
década de los años treintas (1932, 1935, 1939). Estos son arácnidos que 
pertenecen al orden Scorpionida, familia Buthidae, género Coutruroides, 
con la existencia de 32 especies y subespecies. 

En el anexo 2 y 3 se detalla la distribución geográfica de los 
alacranes más venenosos y de importancia médica así como el impacto 
epidemiológico del alacranismo. 
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8) 	RELACIÓN ESTRUCTURA FUNCIÓN DE NEUROTOXINAS 

El estudio del veneno de alacrán se inició en respuesta al problema 
médico y de salud pública que representaba el envenenamiento producido 
por la picadura de este animal. En nuestro país fue el Dr. Maximino Ruiz 
Castañeda quien, en el año de 1933 durante una estancia en la 
Universidad de Harvard, describió el método para inmunizar equinos y 
obtener un antisuero que neutralizara los efectos del veneno (Ruiz 
Castañeda, 1933). Con ello sentó las bases de lo que hoy conocemos como 
seroterapia y comúnmente es llamado suero ó antisuero antialacrán. En la 
actualidad, el aspecto más relevante de estos estudios es el uso de toxinas 
purificadas para la investigación de los mecanismos moleculares que 
ejercen sobre membranas excitables y el aislamiento y caracterización de 
diferentes canales jónicos (Catterall, 1979; Possani, 1982, Hille, 1992). 

El veneno de alacrán de la familia Buthidae está compuesto en su 
mayoría por polipéptidos neurotóxicos y pequeños péptidos, de función 
aún desconocida (Zlotkin, 1978; Possani, 1980). En general, el veneno es 
de apariencia lechosa, de color opalescente y con un pH de alrededor de 
7.0. Los polipéptidos básicos con peso molecular alrededor de 7,000 
daltones y con actividad neurotóxica están contenidos en la parte soluble 
y consisten en su mayor parte de una mezcla de proteínas y péptidos de 
pesos moleculares diferentes y en menor cantidad lípidos, nucleótidos, 
sales inorgánicas y aminoácidos libres (Possani, 1983). 

El grupo encabezado por el Dr. Possani ha tenido como programa de 
investigación el estudio del veneno de alacrán, para ello se han purificado 
y caracterizado toxinas tanto del género Centruroides como de Tityus, 
éstas son: 11 toxinas de C. noxius (Possani et al., 1981a:, Possani et 
1981b:, Dent, M.A.R., 1982:, Possani et al., 1982:, Zamudlo et al., 1992), 5 
de C. limpidus tecomanus (Possani et aL, 1980: Ramírez et al., 1988: 
Martin et al., 1988) una de C. elegana (Possani et al., 1978: Ramírez et al., 
1981), 6 de Tityus serrulatus (Possani et al., 1977, 1981c, 1982, 1985 y 
1991) 10 de Tityus bahiensis (Possani et al., 1992), 6 de C. límpidas 
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limpidus (Ramírez et al., 1988, Ramírez et al., 1994) y una de C. infamatus 
infamatus (Dehesa-Dávila et al, 1994). 

Las toxinas a mamíferos que afectan el canal de sodio (Na) ocupan 
un primer lugar puesto que son las más abundantes en el veneno del 
género Centruroides. El tamaño de la cadena polipeptídica es muy 
semejante, entre 65 y 66 residuos de aminoácidos y la homología en su 
estructura primaria varia entre un 62 y 98% (ver anexo 1). Además, 
existen ejemplos de semejanza en su plegamiento y estabilización de su 
estructura terciaria como es el caso de la toxina variante 3 de C. 
seulpturatus (Meves et al., 1986, Gurrola et al., 1994). Estas toxinas son 
llamadas de cadena larga. 

Otro grupo de toxinas lo componen un tipo de toxinas que actúan 
sobre el canal de potasio (K♦). Estas son toxinas de cadena polipeptídica 
más corta con 37 a 39 residuos de aminoácidos y se les ha denominado de 
cadena corta. Este grupo lo encabeza la Noxiustoxina del C. nozius 
(Possani et al., 1982). En el axón gigante de calamar su efecto disminuye 
la permeabilidad del canal de le en forma reversible e independiente del 
voltaje. Esto no afecta al canal de Na♦  (Carbone et al., 1982). Este tipo de 
toxinas no es exclusiva de esta especie sino que se han encontrado en 
otras especies del mismo género como es el caso de C. limpidus limpidus, 
C. elegans (Carbone et al., 1983). Recientemente, otras toxinas específicas 
para canales de le fueron aisladas y caracterizadas en el veneno de C. 
limpidus limpidus (Martin et AL, 1994). 

Una diferencia sustancial entre estos dos grupos es su estructura 
primaria. Para las toxinas que afectan el canal de Na♦, la cadena 
polipeptídica tiene alrededor de 65 a 66 residuos de aminoácidos y las de 
K♦  tiene entre 37 y 39 aminoácidos. Estas diferencias dan como resultado 
una función diferente, si bien la estructura tridimensional de ambas 
familias de toxinas presenta una región de u-hélice y tres regiones de 
lámina plegada a  muy semejantes. 
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Las toxinas específicas para canal de Na*  tienen un puente disulfuro 
de más y presentan cuatro segmentos de lámina plegada fi beta (Ménez et 
al., 1992). Otro grupo de toxinas son aquellas que afectan a larvas de 
moscas, grillos, cucarachas y otros insectos. Sin embargo, en este grupo 
hay toxinas que tienen una cadena larga y otras de cadena corta (Pelhate y 
Zlotkin, 1982). Como ejemplo tenemos la toxina contra insectos de A. 
australis con 70 aminoácidos (Darbon et al., 1982) y la toxina corta 1.1 del 
B. eupeua de 37 aminoácidos (Zhdanova et al,, 1978). 

C) 	CANALES IONICOS 

Los canales jónicos son proteínas de las membranas celulares 
compuestas por varias cadenas polipeptidicas, cuya función es controlar el 
paso de iones a través de las células. Así, determinan la polaridad 
(diferencia de potencial de la membrana) y gran parte de la actividad 
eléctrica de las células excitables como nervios, músculos y otros tejidos. 
Ellos producen y transducen señales eléctricas en las células vivas. 
Recientemente con el advenimiento de nuevas técnicas de bioquímica, 
farmacología y biofísica de membrana, se ha podido estudiar mejor los 
canales Jónicos y reconocer un interés creciente por ellos en otras células 
que no son del tejido nervioso. Los espermatozoides, leucocitos y 
glándulas endocrinas requieren de canales para funcionar. Una membrana 
celular excitable única puede tener de 5 a 10 tipos de canales y su genoma 
probablemente codifique para más de 50 (Hale, 1992). 

Los canales Jónicos son verdaderos poros macromoleculares en la 
membrana celular y son los elementos excitables fundamentales en las 
membranas de las células. En forma análoga, los canales Jónicos son como 
la señal eléctrica al nervio, músculo y sinapsis o como las enzimas al 
metabolismo. 

La excitación y la señal eléctrica en el sistema nervioso involucra el 
movimiento de iones a través de los canales Jónicos. Los iones de Na+, K1, 



Introducción 	 5 

Ca" y Cr son los responsables de estas acciones. Cada canal puede 
considerarse como una molécula excitable que responde en forma 
específica a cierto estímulo que puede ser un cambio de potencial de 
membrana, un neurotransmisor o una deformación mecánica (Halle, 1992). 

En la naturaleza no sólo se encuentran neurotoxinas que bloquean 
selectivamente los canales jónicos sino que también modifican su cinética 
de apertura. De ellas tenemos ejemplos que incluyen toxinas peptidicas 
provenientes del veneno de alacranes, en los tentáculos de los 
celenterados de nematocistos, toxinas alcaloides secretadas por ranas 
tropicales y otras sustancias insecticidas liposolubles de algunas plantas 
(Lazdunski et al., 1986). Estas actúan sobre el canal de Na+  o el de K+  
incrementando su probabilidad de apertura o dejándolo abierto. Causan 
dolor y muerte promoviendo el disparo repetitivo o una despolarización 
constante del nervio o músculo e inducen arritmias cardiacas. Estas 
toxinas son interesantes puesto que finalmente son marcadores 
bioquímicos específicos y medios químicos para activar los canales de Na+. 
Un simple tratamiento químico o aún una modificación del contenido 
jónico en el medio se puede utilizar para modificar su función. Iones 
divalentes afectan la dependencia al voltaje. Hay tres clases o tipos 
mayores de modificaciones de apertura: (1) prevención de la inactivación 
(2) promoción de la activación en reposo y (3) cambio en la dependencia de 
voltaje de todos los procesos de apertura. Mediante experimentos de 
electrofisiología se verificó que las toxinas tienen diferentes efectos y esto 
ha permitido agruparlas en varias clases (Watt et al., 1984): 

a) Toxinas de alacrán del Viejo Mundo: Estas disminuyen la inactivación 
del canal de Na+  sin alterar su activación. Su efecto es dependiente de 
voltaje y es disminuido por la despolarización de la membrana. Las toxinas 
de este tipo son llamadas toxinas a. Ejemplos de estas toxinas se 
encuentran en el veneno de los alacranes: 
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- Leiurus quinquestriatus (Norte de África) 
- Buthus eupeus; Buthus tatuaba (Asia) 

- Androctonus Australia (Norte de África) 

b) Toxinas de alacrán del Nuevo Mundo: Ocasionan una despolarización 
transitoria del canal de Na+  induciendo un corto circuito en la 
dependencia de voltaje en el mecanismo de la activación. Este tipo de 
toxinas son denominadas toxinas [I. Ejemplos de estas toxinas se 
encuentran en los venenos de: 

- Centruroides sculpturatus; Centruroides suffusus 
- Tityus serrulatus 

c) La toxina gamma (y) modifica tanto la activación como la inactivación 
del canal de Na+  y tiene la constante de afinidad más baja reportada hasta 
ahora (Jonas et al., 1986). 

- Tuyos serrulatualTiTx y gamma). 

Entre las toxinas de alacranes que actúan sobre el sistema 
neuromuscular de vertebrados están las que modifican a canales de sodio 
sensible a voltaje. Estos canales son responsables de la fase rápida de 
despolarización del potencial de acción en nervio, músculo y células 
cardiacas. La apertura y cierre de éstos es controlado por activación e 
inactivación, dos procesos distintos dependiendo del potencial de 
membrana y del tiempo. 

Una variedad de neurotoxinas ha mostrado modificar en forma 
especifica el funcionamiento normal del canal de Ha+ permitiendo conocer 
su estructura y función las cuales pueden actuar en cuatro sitios 
receptores diferentes. La asignación de las toxinas a los sitios de acción en 
forma separada se ha basado por interacciones sinergisticas y 
competitivas como se analiza en estudios de pegado (Catterall et al., 1986) 
(Cuadro 1). 
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Se han definido cuatro sitios de pegado de las neurotoxinas por 
medio de estudios de electrofisiologia, flujos con iones radioactivos y 
estudios de ligando' (Couraud et al, 1982). 

En el sitio 1 las toxinas se pegan a un receptor común el cual se 
piensa está localizado cerca de la apertura extracelular del canal. El sitio 2 
probablemente esté ubicado en una región del canal que involucra una 
activación e inactivación dependiente del voltaje. El sitio 3 está localizado 
en la parte del canal que acopla la activación e inactivación. El sitio 4 fija 
a las llamadas toxinas p de los alacranes del género Centruroides las cuales 
modifican la activación en vez de la inactivación. 

CUADRO 1 

SITIOS RECEPTORES DE NEUROTOXINAS EN EL CANAL DE SODIO 

SITIO NEUROTOXINA 	 EFECTO FISIOLÓGICO 

1 	Tetrodotoxina 	 Inhibe el transporte Jónico 
Saxitoxina 
Geografutoxina 

2 	Veratridina 	 Activación persistente 
Batracotoxina 
Grayanotoxina 
Acontina 

3 	Toxinas a de alacranes del 
Norte de Africa 	 Inactivación lenta 
Toxina■ de anémona de mar 

4 	Toxinas p de alacranes 
Americanos 	 Realza la activación 

! 
	 I 
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D) 	EFECTO SOBRE PÁNCREAS 

Freire-Maia et al., (1994) ha reportado diversos efectos del veneno de 
Tityus serrulatus en rata tales como: arritmias cardiacas, hipertensión 
arterial, edema pulmonar, arritmias respiratorias y un aumento excesivo 
en las secreciones salivales, gástricas y pancreáticas. Estos efectos están 
mediados por la estimulación del sistema nervioso periférico. 

Bartholomew (1970) fue de los primeros en llamar la atención sobre 
el efecto del envenenamiento por Tityus trinitatis en páncreas. Este 
alacrán ocasiona como parte del cuadro clínico una hiperamilasemia, dolor 
abdominal y pancreatitis aguda, la cual puede evolucionar en forma rápida 
a una pancreatitis necro-hemorrágica . Se habían propuesto básicamente 
dos teorías para explicar el mecanismo de acción. Una contempla que el 
efecto del veneno es a través de una hiperestimulación por medio de la 
acetilcolina como neurotransmisor a nivel de las terminaciones nerviosas 
del tabique interlobular en el páncreas (Singh et al., 1978) y la otra postula 
que el veneno afecta el esfínter de Oddi contrayéndolo y así obstruir la 
salida de la secreción pancreática. Al aumentar la presión intraductal y 
haber reflujo de la secreción, esta es la que ocasiona la inflamación del 
páncreas traduciéndome en pancreatitis (Bartholomew et Id, 1977). 
Dependiendo de la agresión puede ser una forma edematosa o evolucionar 
a una forma necro hemorrágica. 

Possani et al., (1991) y Fletcher et mi., (1992) corroboraron que tanto 
el veneno total como las toxinas 111-8, 111-10 y IV-5 del Tityus serrulatus 
actúan como secretagogos en lóbulos pancreáticos. 

La toxina y de Tityus serrulatus es un bloqueador del canal de Na+  
dependiente de voltaje en el axón gigante de calamar (Donas et al., 1986) y 
en canales de Na+  de corazón (Yatani et al., 1988, Kirsh et al., 1989). Por 
otro lado los dos tipos de canales descritos en las células acinares de 
páncreas han sido el canal de Ca2+  el cual es activado en forma no 
selectiva por cationes monovalentes (permeable al K4') y el canal de Ca2+  

I 
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activado en forma selectiva por K+. Los canales de Ni' activados por 
voltaje han sido estudiados en las células secretoras de insulina (Rorsman 
et al., 1986) mas no han sido investigados o demostrados en las células 
acinares. Por ello, esta nueva evidencia abre la posibilidad de que estas 
toxinas actúen a nivel de la membrana celular, sin embargo que actúen o 
no en forma directa sobre estas células no desmerece que sean estudiadas 
para elucidar el mecanismo a través del cual pueden afectar los procesos 
de secreción exócrina á endócrina en páncreas (Fletcher et al., 1992). 



11 	PRESENTAC1ON DE LA TESIS 

El trabajo que presentamos está ubicado dentro del contexto de 
estudio sobre la relación estructura-función de las toxinas del veneno de 
alacranes mexicanos que afectan y son especificas para el canal de Na♦. 
Describimos en forma breve su marco teórico y sus antecedentes. Los 
resultados se muestran en forma de articulo cientifico los cuales ya han 
sido aceptados, salvo el primero que está sometido a revisión. 

Dados los antecedentes expuestos sobre el efecto fisiopatológico y 
considerando los trabajos efectuados por el grupo del Dr. Fletcher con el 
veneno y las toxinas del alacrán Tityus serrulatus y Tityus trialtatis 
(Fossani et al., 1991, Fletcher et al., 1992, Fletcher et al., 1994) en 
páncreas, nuestro proyecto de tesis se centró en la purificación y 
caracterización bioquímica y electrofisiológica de las toxinas mayoritarias 
de los alacranes Cerstruroldes lafamatus infausatus y Centruroides 
limpidus limpidus, las cuales son el objeto del presente trabajo. Sin 
embargo, presentamos algunos datos de secreción y microscopia de luz 
utilizando veneno de Centruroldes limpidus límpidas, puesto que hacían 
parte de los objetivos presentados al inicio del proyecto de tesis doctoral. 

10 



III 	STRUCTURAL AND FUNCTIONAL COMPARISON OF TOXINS FROM 
THE VENOM OF THE SCORPIONS Centruroides infamatue 
infamatue, Centruroides limpidus limpidus AND Centruroides 
nonius. 
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ABSTRACT 

1. Two novel toxins containing 66 amino acid residuos each were 
isolated from the venom of the scorpions Centruroides infamatus 
infamatus and Centruroides limpidus limpidus, respectively. Their 
full amino acid sequences were determined. 

2. Comparison of primary structures showed that they share 97% 
similarity among themselves and 83% to that of toxin 2 from 
Centruroides noxius. 

3. The three toxins studied compete with each other for the same 
binding sites on membranes prepared from rat brain synaptosomes, 
suggesting that they are ala 8-scorpion toxins. 

4. Toxin action was assayed into the MI-2 rat skeletal muscle Na` 
channel heterologously expressed into Xenopus oocytes. All three 
toxins block this Na;  channel in a similar fashion, without 
affecting inactivation, and showed 1050  values in the micromolar 
concentration rango. 

»y wird*: amino acid sequence, Centruroides infamatus, 
Centruroides limpidus, Centruroides noxius, Na*  channel, 
scorpion toxins, oocyte expression. 

2 
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Tmftelannnerriny  

In Mexico the only scorpions that represent a Life hazard to 
humana belong to the genus Centruroides, family Buthidae (review 
by Deheea-Dávila and Possani, 1994a). Among the most important 
species are centruroides limpidus limpidus Koch (C1I) from the 
atetes of Morelos and Guerrero, and Centruroides .infamatus 
infamatus Hoffmann (Cii) from the state of Guanajuato. These two 
species are responsible for severa human envenomation (Dehesa-
Dávila, 1989, Alagón et al., 1988, Ramírez et al., 1994). For 
example, C. infamatus causes at least 10,000 cases of 
envenomation per year in the city of Leon, Guanajuato, (Dehesa-
Dávila, 1989, Dehesa-Dávila and Possani, 1994a). However, the 
venom of Centruroides noxius Hoffmann (Cn) is the most toxic of 
all the Mexican scorpions (Dent el al., 1980), but medically lesa 
important, because C. noxius does not cohabit with humane. 
C.1.1impidus and C.i.infamatus very often are Inside of houses 
and gardens increasing the probability of human accidente 
(Dehesa-Dávila et al, 1994a, 1994b). 

The venom from C.noxius is the only well characterized (Dent et 
al., 1980, Carbone et al, 1982, 1987; Possani, 1984; Zamudio et 
al, 1992; Becerril et al, 1993, Valdivia et al., 1994). A 
preliminary characterization of toxic peptides from C.l.limpidus 
venom was made by Tato et al (1978), followed by Alagón et al 
(1988) which reportad the isolation and functional 
characterization of two toxina from this venom, one of which has 
been fully sequenced (Ramírez et al, 1994). Three novel toxina 
from C.l.limpidus were recently reportad (Martín et al., 1994; 
Lebreton et al., 1994). However, the venom of C.i.infamatus is 
much leso studied (Dehesa-Dávila, 1990, and Dehesa-Dávila et al., 
1994b). 

The present communication describes the isolation and full amino 
acid sequence of two novel toxina, each one corresponding to the 
mejor toxic component of C.l.limpidus and C.i.infamatus venoms, 
respectively. 

Both toxina displace with high affinity the Cn toxin-2 bound to 
rat brain synaptosomes, 

Na'
uggesting that the two of them belong to 

the 5-class family of 	channel-specific scorpion toxina 
(Valdivia et al., 1994). Additionally, both decrease the peak Nao  
currents carried out by the µI-2 rat akeletal muscle channel 
expressed in Xenopus laevis oocytes, without affecting the 
channel inactivation. 

3 
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AND 

Source of venom 

C.1. infamatus scorpions were collected by us in the city of Leon 
(Guanajuato state), while C.I. limpidus and C. noxius scorpions 
were collected, respectively, in the region of Iguala (Guerrero 
State) and Tepic (Nayarit State). The venoms were obtained by 
electrical stimulation of anaesthetized animals as previously 
described (Dent et al., 1980). Water solubilized venom was 
centrifugad at 16,000 g for 15 min in a Sorvall SS-34 rotor. The 
supernatant was freeze-dried and stored at -20°C until used. 

Material& 

Only analytical grade chemicals and reagents were used. Sephadex 
G-50 (fine) was from Pharmacia Fine Chemicals (Uppsala, Sweden); 
Carboxymethyl-cellulose (CMC-32) was from Whatman (Clifton, NJ, 
USA). Reagents for amino acid analysis and sequence were 
purchased from Millipore Co. (Bedford, MA) and Beckman Co. (Palo 
Alto, CA, USA), as described by Zamudio et al., 1992. Solvents 
for high performance liquid chromatography (HPLC) were from 
Pierce Chemical Co. (Rockford, IL). Gentamycin was from Sigma Co. 
(St. Louis, MO, USA). Water double distilled over quartz was used 
all through the purification and characterization steps. 

Lethelity test 

The mouse lethality of various protein fractions was observed 
atter intraperitoneal injection of different amounts of protein 
(usually from 10 to 40 pg) in 0.2 - 0.4 ml salive or buffer 
solutions, into adult mice (strain CD1). weighing from 20-25 g 
each. To define the toxicity of various chromatographic 
componente, three designations were used: "Lethal" means that the 
component at the dose injected was enough to kill the testad 
mouse; 0Toxicn means that the mouse showed any of the foliowing 
symptoms: excitability, salivation, temporary paralysis of rear 
limbs, dyspnea, but recovered within 20 hr after injection; and, 
"Non-toxic" means normal behaviour similar to injection of 0.94 
NaCl or buffer solutions. 

Purificetion procedures 

Toxin 2 from C. noxius was purified as described previously 
(Zamudio et al., 1992). The two novel toxins were purified as 
follows: the soluble venoms were applied independently to a 
Sephadex G-50 (fine) column (200 cm x 1 cm). The toxin containing 
tubas were pooled (fraction number II) and chromatographed 
individually on a CMC-32 column, equilibrated and run in 20 mM 
ammonium acetate buffer at pH 4.7. The major toxic fraction 
obtained (II.11 from Cii and 11.9 from C11) was subsequently 
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60 n'in at roo►n tpmperature. .The reactian idas MumAped. by addit ion 
of 5 ml, of cold binding medium. The membranes were immediately 
collected on glass fiber filters (Whatman GF/B) under vacuum and 
washed three times with cold binding medium. The filters were 
dried and counted in a gamma counter. All values are an average 
of at least triplicate experiments. 

MI-2 Mas  channel functional expression 

Oocyte positive frogs were obtained from Masco Biologicals, Inc. 
(Fort Atkinson, WI), and maintained at 20 - 25 °C. They were fed 
three times a week with frog bristles (Masco) during 2 hs. After 
feeding the frogs the aquarium was washed and all the water 
replaced. oocyte isolation and selection was according to 
established protocols (Sumikawa et al., 1989). The oocytes were 
kept on ND-96 medium (in mM: 96 NaCl, 2 KC1, 1.8 CaC12  and 1 C12Mg), 
supplemented with 50 pg gentamycin/ml at 19°C until use. 

The. rat skeletal muscle Na*  channel clone mI-2 (Trimmer et al, 
1989; kindly provided by Dr. Gala Mandel) was linearized with the 
restriction enzyme Not-I. The transcription was carried out at 37°C 
with the T7 RNA polymerase (Riboprobe kit; Promeg,, Madison, WI), 
in the presence of 500 MM of the capping analog mG(5°)ppp(5')G 
according to the supplier's suggested protocol. Stage V and VI 
oocytes (Dumont, 1972) were selected and injected with 50 nl of m1-
2 mRNA (10-50 ng), and were incubated for two to three days in ND-
96 medium at 19°C. Whole-cell currents were recorded under voltage-
clamp with a two microelectrode voltage-clamp (Clampator-1, Dagan 
Corp., Minneapolis, MN), at 20-22°C in ND-96. The microelectrodes, 
electrically connected to the headstages with Ag/AgCl wires, were 
filled with KC1 3M, and capacitative transients and leakage 
currents were subtracted both analogically and by the P/4 procedure 
(Bezanilla and Armstrong, 1977). 
Ionic currents were filtered at 5kHz (-3db point, 4 pote Bessel 
filter), digitized on-line at 20 kHz with a Digidata 1200 data 
acquisition system using the pClamp 6.0 (Axon Instruments Inc.; 
Foster City, CA) software, and analyied off-line. The recording 
chamber had a 250 41 volume, and control records were always 
obtained in ND-96. Toxins were diluted to 1 ml ND-96, and the 
oocyte chamber perfused with them. The currents were assayed 20 man 
later. IC50ts were calculated according to: 

IC50= [T] (1-F8) /Fe 

where [T] corresponds to the toxin concentration, and Fe  is the 
fraction of the peak current blocked at -10 mV test potential. We 
used Chis test potential to survey scorpion toxin effects because 
it is near the peak of the 1-V relationship. In all cases the 
holding potential (EH  ) was -70mV, and toxin concentration was 
either 0.5 or 1 MM. 
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pacified. by a PMARle QL AdditigRal stepPG, el ther, with ion 
exchange chromatography on CMC-32 resins at pH 6.0 or by high 
performance liquid chromatography (HPLC) in the system indicated 
below (see figure legends for details). 
Before use the columns were always equilibrated with the 
initializing buffers. Columns were run at room temperature (22-
25°C). Whenever necessary the fractions were dialysed against the 
appropiate buffers prior to rechromatography using a Spectrapor 3 
M dyalisis membrane (Spectrum Medical Industries, Los Angeles, 
CA) The purity of the fractions was followed by polyacrylamide 
gel electrophoresis (PAGE) containing urea as described by 
Reisfeld et al.(1962). Protein content of venoms and 
chromatographic fractions were estimated at 280 nm, assuming that 
one unit of absorbance is equal to a protein content of 1 mg/ml. 

Chemioal oharaoterisation of the toxina 

Amino acid analysis of samples were conducted in a Beckman 6300E 
analizer, after acid hydrolysis in 6 N HC1, for 24 hr at 110 °C 
in tubes sealed under vaccum. The amino acid sequence was 
performed in a ProSequencer apparatus from MilliGen/Biosearch, 
Division of Millipore. Pure toxins were sequenced initially as 
such for the N-terminal portion, but most sequence data were 
obtained with reduced and carboxymethylated samples (RC-toxin) 
prepared as described (Martin et al., 1988). samples containing 
70 to 150 µg peptide were processed at each time. Usually 1.0 
nmol of RC-toxin, or cleaved peptides (see below) were attached 
to an Immobilon-CD membrane (Millipore, place, U.S.A.) for 
sequence determination. 

Ensymatio digestion and peptide separation 

Enzymatic cleavage of RC-toxins was conducted by digestion with 
Staphylococus aureus V8 protease (Miles laboratories, Stoke 
Poges, Bucks, U.K.) and Trypsin (Boehringer Mannheim) as 
described previously (Possani et al., 1985). The resulting 
peptides were separated by HPLC, as indicated in the figure 
legends, and sequenced. 

Toxin binding to rat brain membranes 

Rat brain membranes (fraction P3) were obtained according to 
Caterall et a/., (1979). C. noxius toxin 2 was iodinated with "si  
by the lactoperoxidase method (Morrison and Bayse, 1970). " I-
labelled toxin was purified using a rapid filtration assay in a 
Sephadex G-10 column (7 x 0.5 cm). The reaction buffer for the 
binding assay consisted (in mM ): 140 choline cloride, 5 KC1, 1.5 
CaC1, 0.8 MgCl,1  20 Tris-HC1, pH 7.4 and 0.1% bovine serum 
albumin. The binding reaction was initiatednly addition of brain 
membranes to a reaction mixture containing  I-toxin with or 
without unlabeled toxin. The samples were mixed and incubated for 
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Test ,pulses to -10.1V were_applied At_0.1 HZ rale frQM 01.11144  of, - 
70mv. The inactivation rates were determined botn by measuring the 
time at which the peak current (1 ak) had decayed to 1/e, or by 
taking the largar time constant 	) obtained from fitting the 
inactivation with one or two exponentials terms, because it is 
known that the number of exponential terms vary from oocyte to 
oocyte (Trimmer et al., 1989; Zhuo et al., 1991; Chen et al., 
1992). 

RESULTE 

Lethel lose oomparison of soluble venoms 

Lethality tests conducted with these venoms indicated that the 
LD50  value for C. i. infamatus is 1.27 mg/Kg of mouse weight 
(Dehesa-Dávila and Possani, 1994a, 1994b). This value is about 
70% less than that (3.30 mg/Kg) reported by Alagón et al. (1988) 
for C. 1. limpidus, and about the double of that (0,69 mg/Kg) 
determined for the sub-species C. 1. tecomanus (Possani et al., 
1980). C. noxius venom has the lowest LD50  value in mice: only 
0.26 mg/Kg (Dent el al., 1980), while that of C. sculpturatus is 
1.12 mg/Kg (Stahnke, 1963), and that of C. santa maria is 0.39 
mg/Kg mouse (Zlotkin et al., 1971). The variations shown in the 
LD50  values of these different species of scorpions are 
comparable to those reported between different strains of mice 
used for lethality determination with venom from one specie C.1. 
limpidus (Alagón et al., 1988). 

Purification procedures 

Separation of soluble venom from the three species under study, 
gave essentially the same results as previously reported (for C. 
noxius, Possani et al., 1981, for C./ limpidus, Alagón et al., 
1988 and for C.i Infamatus, Dehesa-Dávila et al., 1994b), with 
slight variations, mainly due to the amount of material applied 
to the chromatographic columns. 
For comparative purposes, here are included the results obtained 
for Cii and C11, the two least studied species. The profile of 
Sephádex G-50 (fine) separation of 29.5 mg soluble venom from 
C.I. infamatus is shown in Fig.la. In Fig.lb are the 
corresponding resulta obtained with 28.1 mg of C. 1. limpidus 
venom. At least six components are evident in this figure for 
both venoms, with a clear difference on fractions II and III. 
These fractions in Cii venom are not well separated (see also 
Dehesa-Dávila et al., 1994b). If more Cli scorpion venom is 
applied to the column, the separation of fractions II and III is 
very poor (Alagón et al., 1988). However, for both venoms only 
fraction II was lethal to mice, in our experimental conditions, 
and this amounts to approximately 42% for Cll and about 44% for 
Cii venom (Table 1). Overall chromatographic recovery was 96% for 
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Cii and 97% for C11. Fig. 2 and 3 shows further separation of the 
toxic fractions II using a combination of CM-32 ion exchange 
chromatographic columns and HPLC. In Fig. 2a are the results of 
separating Cii fraction II and in Fig.2b the separation of 
fraction 11 from Cli. The final recoveries were 82% and 99%, 
respectively (Table 1). Despite the fact that these profiles are 
different, they show at least 13 distinct sub-fractions, from 
which the last five (most basic ones) are all toxic to mica, as 
indicated by T in the Figs. The most abundant among the mammalian 
toxins are fractions 11.11 for Cii and 11.9 for Cll. Fraction 
11.11 of Cii (Fig.2a) corresponds to 18.3% of protein recovered 
in this chromatographic step, and fraction 11.9 of C11 (Fig.2b) 
is 13.7% of the material recovered. Component 11.13 from C11 
(Fig. 2b) was obtained by washing the column with 1 M NaC1 and 
was shown to be toxic only to crustaceans (sweet water shrimps), 
confirming data previously reported by Alagon et al (1988). Toxic 
component 11.11 from Cii was further separated by HPLC giving 
three main protein peaks, the most important (number 2) eluting 
at 32.6 min (Fig. 3a). This latter peak was shown to be toxic to 
mice, gave a single protein band on PAGE, using the Reisfeld 
technique (Reisfeld et al., 1962; data not shown), and was 
sequenced and used for electrophysiological experimenta. 
Similarly, toxic component 11-9 from C11 was applied to a CMC-
cellulose column pH 6.0 (Fig. 3b) originating 6 sub-fractions, 
from which number 4 was toxic to mice and was further separated 
by HPLC (Fig.3c). The most important component was number 3, with 
a retention time 41.2 min. It was re-applied onto an analytical 
C18 reverse-phase column (Vydac) and the main component (inset 
Fig.3c) was toxic and used for additional characterization. 

Sequence deteraination 

An aliquot (1.0 nmol) of each of the purified toxina was loaded 
in a microsequencer (Prosequencer-Millipore) and directly 
sequenced. 
The toxin from Cii turned out to be the same as toxin 1, recently 
reported by our group (Dehesa-Davila et al., 1994, Toxicon), 
while the toxin from Cll was different from toxin C11-1 
previously described by Ramirez et al., 1994, and thus was called 
toxin C11 2. To complete the primary structure determination of 
both peptides, 10 nmoles of Cii 1 and 7 nmoles of Cll 2 were 
reduced and alkylated with iodoacetic acid, and digested with 
protease V8 from Staphylococus aureus and trypsin in arder to 
obtain fragmenta of the toxina. Typical HPLC separations of 
digested toxina are shown in Fig.4a for C11 2 and Fig.4b for Cii 
1. The overlapping segments that complete the primary structure 
are shown in Fig.5. The first 48 amino acid residues of toxin Cii 
1 were determined by direct Edman degradation. Two fragmenta (V8-
1 and V8-2) were separated after protease V8 cleavage and 
corresponded to residues at positions 29 to 53 and 54 to 66, 
respectively. The overlapping positions were obtained by 
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sequencing a tryptic peptide (T, in Fig.5) that corresponds to 
residues numbers 36 to 57. Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis and amino acid analysis of toxin Cii 1 (data 
not shown) indicated a mol. wt. in the order of 7600, compatible 
with the presence of 66 amino acid o  as determined by sequencing 
data. 
For toxin C11 2 the first 34 amino acids were identified by 
direct Edman degradation. Two segments were positioned after 
sequencing V8 cleaved peptides (V8-1 and V8-2 in Fig.5) of 
positions 29 to 53 and 54 to 65, with trace amounts of Asn at 
position 66. The overlapping peptide, was a tryptic peptide (T), 
which provided the amino acid sequences from position 36 to 61. 
The last amino acid residue (Asn) was confirmed by the amino acid 
analysis of the C-terminal peptide (V8-2), which gave the 
following composition: 2 Lys, 1 Asp, 1 Thr, 1 Glu, 2 Pro, 1 Ala, 
1 Leu, 2 Val, compatible with the sequence found. We have 
surmised that the last amino acid is Asn, because acid hydrolysis 
for amino acid analysis converts Asn into Asp. Carboxymethyl-
cysteine was not integrated by the analyzer, and Trp is usually 
degraded by the HC1 hydrolysis, however both residues were 
clearly shown in the sequence. For C11 2 also the mol. wt. found 
is in the order of 7600 (electrophoresis data not shown). 

Binding and diaplaceaent experimente 
In arder to study the specificity and the binding properties of 
these newly purified and characterized peptides, the well known 
toxin (toxin 2 from C. noxius) was used as a model. Sitges et al. 
(1987) using brain synaptosomes have shown that component II-
9.2.2 of C. noxius (now simply caIled toxin 2, after Zamudio et 
al., 1992), was specific for Na channels, and behaved as a 8-
scorpion toxin. Ramirez et al. (1994) radio-labeled this peptide 
and determined its binding properties to the membranes of the 
same rat brain preparation. 
In Fig.6 we show the results of binding and displacement 
experiments conducted with C. noxius "JI-toxin 2 and toxin Cii 1 
and C11 2. The three toxins displace in an almost overlapping 
manner the binding of each other to rat brain synaptosome 
membranes. 

Tolda aemaye on heterologously expreased MI-2 Na#  channel' 
The purified scorpion toxins were functionally assayed on the 

µ1-2 rat skeletal muscle Na channel clone (Trimmer et al., 1989), 
heterologously expressed in Xenopus oocytes. Fig. 7 shows typical 
Na` currents elicited by a -10 mV test pulse depolarization from 
p1-2 injected oocytes held at -70 mV EH . Control (open symbols) and 
toxin-treated (closed symbols) current records are superimposed. 
All three toxins, Cii toxin 1 (panel A), C11 toxin 2 (panel B) and 
Toxin 2 from C. noxius venom (panel C) reduced the peak amplitude 
of the Na*  currents in a reversible manner, with no efect on the 
channel inactivation, as measured by both the slow inactivation 
cate (t1 ), or by the time at wich Ipeak  had decayed to 1/e 
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(Tabla 2). Both Cii and Cll have similar IC50  values, in the 
micromolar concentration range, as shown in tabla 2. In this system 
toxin 2 is only sligthly more potent than the other two toxins, and 
these results support the conclusion that all three toxins belong 
to the 8-type of Na channel scorpion toxins. 

DISCUSSION 

C. infamatus infamatus and C. limpidus limpidus are 
morphologicaly related species, separated by a natural barrier 
(high mountains of Sierra Madre Occidental). Both species are 
responsible for an important number of human accidents in three 
states of Mexico: Guanajuato, Morelos and Guerrero (Dehesa-Davila 
and Possani, 1994a, 1994b). However, as mentioned in the 
introductory section much fess is known about the structure and 
function of the toxic peptides present in C. infamatus infamatus 
venom, contrary to the species C. noxius from Nayarit state, which 
were extensively studied (Dent et al., 1980, Carbone et al, 1982, 
1987; Possani, 1984; Zamudio et al, 1992; Becerril et al, 1993, 
Valdivia et al., 1994). Chromatographic separation of these three 
venoms by Sephadex G-50 (Fig.l) show similar patterns. They all 
have an important fraction (mol wt. range 4,000 to 12,000), 
numbered II in the figures that contains the toxic peptides to 
mice. Chromatographic application of fraction II on cation exchange 
resins retain the basic peptides, which are eluted with a salt 
gradient. The last five components (Fig.2) are all toxic to 
mammals, except component 13 of C11 which is toxic to crustaceans. 
Additional separation of the most important toxic sub-fractions: 
11-9 and II-11 respectively for Cll and Cii, and 11-9 for C. noxius 
(ref. Zamudio, 1992), by ion exchange column or by HPLC (Fig.2 and 
3), permits to obtain in homogeneous form the major toxic peptides 
of each one of these venoms. Automatic Edman degradation of native, 
RC-toxins and peptides obtained atter enzymatic cleavage (Fig.4) 
allowed us to determine the full primary sequences of the first two 
unknown toxins (Fig.5). The similarity between these two toxins is 
striking, only two amino acid are changed: Tyr and Phe at position 
17 and Thr and Asn at position 49, respectively for Cii 1 and Cll 
2. 
Comparative analysis of the sequences obtained with other known 
toxinas (Fig.8) shows that the Cii 1 corresponds to toxin 1 of the 
same venom, for which the N-terminal part of the molecule was 
already known (Dehesa-Davila and Possani, 1994b). In this manner 
this is the first toxin from C.i.infamatus species, and the only 
one thus far, to have the full primary structure determined. At 
this momento  for the species C.1.1impidus there are several 
different toxina known. Four are toxins specific for Na*  channeis 
(toxin Cll 2, this communication), toxin 1 (Ramírez et al., 1994), 
and toxin 11-6 and 11-9 (Alagon et al., 1988). Two other short-
chain toxins specific for KI  channel (Martin et al., 1994) and one 
specific for crustaceans (Lebreton et al., 1994) are also known. 
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Comparativa analysis of Fig.8 clearly shows a high degree of 
similarity (83% and over) among the mammalian toxins of 
C.i.infamatus, C.1.1impidus, C.1.tecomanus, C. noxius, and C. 
suffusus suffusus. The cricket toxins (variant vi to v3) of C. 
sculpturatus and toxin 1 from C. noxius are less identical (ranging 
from 56 to 59% identity). Recently, unpublished observations of our 
group with toxin 1 from C. noxius (previously called component II-
14, Possani et al., 1985) showed that this peptide is rather toxic 
to crustaceans, with little if any, toxicity to mammals. Thus, 
comparative analysis of primary structures of toxic peptides from 
related scorpion species indicates possible specificity of action. 
concerning the function of toxins Cii 1, Cll 2 and Cn 2, two 
approaches were used. The first was to assay by binding and 
displacement experiments the affinities of these toxins to rat 
brain synaptosome membranes (Fig.6). Since toxin Cn 2 is a well 
known 8-scorpion toxin (Ramírez et al., 1994, Gurrola et al., 1994, 
Valdivia et al., 1994) that modifies the peak permeability of Ha*  
channels, it was radiolabeled and used for binding experiments. The 
two novel toxins (Cii 1 and Cll 2) displaced competitively the 
binding of Cn 2 in an almost identical manner as native (unlabeled) 
Cn 2 (Fig.6). Thus, they must be compiting for the same sub-types 
of brain Na*  channels in a similar fashion as the 8-scorpion 
toxins. 
In order to substantiate this conclusion in a more conclusive 
manner we studied these three peptides, for the first time, in an 
in vitro assay using frog oocyte expression of a specific messanger 
that codee for the µ12 Na channel of skeletal muscle of rat. This 
second approach (Fig.7 and table 2) confirms indeed that these 
toxins are Na*  channel specific and are all able to block the 
skeletal muscle 41-2 Na*  channel in a similar fashion. 
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FIGURE LEGUDO 

Fig. 1: Gel filtration on Sephadex G-50 

A. Soluble venom from C.i.infamatus (29.5 mg by absorbance at 280 
nm, in 2 ml) was applied into a Sephadex G-50-fine column (0.9 x 
200 cm) equilibrated and run with 20 mM ammonium acetate buffer, 
pH 4.7. The flow rate was 25 ml/hr and fractions of 2.5 ml volume 
per tube were collected and pooled according to the absorbance at 
280 nm, as shown by the horizontal bars. Only fraction II was 
toxic to mammals. 

B. Soluble venom from C.1.limpidus (28.1 mg by absorbance at 280 
nm, in 2 ml) was applied and run into the same column and 
conditions as A. 

L means lethal fraction. 

Fig. 2: Ion •xchang• saparation of fraction II 

A. Fraction II from C.i.infamatus (43.8 mg pooled from 
independent applications as those of Fig.la) was applied to a 
CM-cellulose column (0.9 cm x 35 cm) equilibrated and run with 20 
mM ammonium acetate buffer, pH 4.7, at a flow rate of 30 ml/hr. A 
linear salt gradient from 0 M NaC1 (250 mi) to 0.5 M NaC1 (250 
ml) in the equilibration buffer resolved 13 components. 

B. Fraction II (92.4 mg) from C.1.1impidus (Fig.lb) was applied 
and eluted into the same column and conditions as A, separating 
12 fractions. Washing (W) the column with 1M NaC1 resolved 1 
additional component. 

L and G means, respectively, loading the sample and starting 
point of the gradient. T denotes toxic or lethal fraction. 
Recoveries and toxicity tests are shown in Table 1. 

Fig. 3: Final purificatior of toxin Cii 1 and Cll 2. 

A. Toxic fraction 11.11 (100 4g) from C.i.infamatus (Fig.2a) was 
fractionated by HPLC in a C18 analytical column (Vydac), using a 
linear gradient of solution A (0.12% TFA in water) to 60% 
solution B (0.1% TFA in acetonitrile) during 1 hr. Component 
number 2 was shown to be homogeneous as demostrated by the gel 
electrophoresis and amino acid sequence. 

B. Toxic fraction 11.9 (25.3 mg) from C.1.1impidus (Fig. 2) was 
applied to a CM-cellulose column (0.9 x 30 cm) equilibrated and 
run in 50 mM potassium phosphate buffer, pH 6.0 at flow rate of 
30 ml/hr. A linear gradient of salt from O M NaC1 (250 ml) to 0.4 
M NaC1 (250 ml) in the same buffer resolved 6 components. 
Fraction 4 was the only toxic (T) to mice. 
L and G are respectively, loading the sample and starting point 
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of the gradient. 

C. Toxic fraction 11.9.4 (100 mg) from C.1.1impidus was separated 
by HPLC in a C4 column (Vydac) with a linear gradient identical 
to that of A. Component 3 was toxic and was further separated 
into an analytical C18 reverse-phase column by HPLC (inset), in 
the same conditiona as C. Component 2 was homogenous as 
demostrated by gel electrophoresis and amino acid sequence. 

lig. 4: HPLC separation of oleaved peptides 

a. HPLC separation of RC-toxin Cli 2 (50 mg) after hydrolysis 
with protease V8 from Staphylococcus sureus. The four peptides 
'abollad 1-4 corresponded to sequences 3 to 15 (GYLVNHSTGCKYE), 
54-65 (QAVVWPLPKKTC), 16-28 (CFKLGDNDYCLRE), and 29-53 
(CKQQYGKGAGGYCYAFGCWCNHLYE), respectively (sea Fig.5). 

b. HPLC separation of tryptic digestion of RC-toxin Cii 1 in the 
same conditions a■ a. Peptide with the atar (eluting 
approximately et 44 man) corresponda to the the overlapping 
sequence of positions 36 to 57 (GAGGYCYAFGCWCTHLYEQAVV) of Fig.5. 

lig. 1: Primary struoture of toxin Cii 1 and Cll 2 

Cii 1. The overlapping ,mino acid sequences of toxin 1 from 
C.i.infamattus is shown on the upper panel. 
Residuos at positions 1 to 48 were determined by direct Edman 
degradation of RC-toxin (labeled -D->). Peptides labeled with 
(.v8-1.>) and (.v8-2.>) were obtained by enzymatic cleavage of 
RC-toxin with protease 178. The first corresponda to positions 29 
to 53 and the second to 54 to 66. The overlapping peptide (.-T.-
>) was obtained after trypsin cleavage and apane from residuos 36 
to 57. 

C11 2. The amino acid sequence of toxin 2 from C.1.limpidus is 
shown on the lower panel of the figure. 
Residues at positions 1 to 34 were directly determined from RC-
toxin (labeled -D->), while peptides v8-1 and v8-2 corresponda to 
the sequences from 29 to 53 and 54 to 65, respectively, as in Cii 
1. The overlapping peptide (.-T.->) was a tryptic digestion of 
TC-toxin and provided the sequence from positions 36 to 61. The 
last residuo: Asn was confirmad by amino acid analysis of the C-
terminal peptide (labeled a). 

lig. é: Displacement of 15I-Cn2 binding to rat brain 
synaptosome membranas 

Displacement experimente were conducted using rat brain 
synaptuome membranas (80 0g/500 01 per assay) incubated with 10 
nM of 	 2 from C. noxius (Cn2), at room temperature for 
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60 min, in the presence of increasing concentrations of native 
Cn2 (filiad circles) or toxin 2 from Cli (open circles) or toxin 
1 from Cii (triangles), filtered and counted, as described in 
Materials and Methods. The 100% binding was obtained without 
competing toxin. Values are mean of triplicates. 

Fig. 7: Effect of scorpion toxina on the rat m1-2 ekeletal 
■usole channel. 

µ1-2 cRNA injected ~opus oocytes whole-cell Na' currents were 
elicited by depolarizations to -10 mV from a holding potential of 
-70 mV. Control (open symbols) and toxin-treated (closed symbols) 
current records are superimposed. The'toxin concentrations used 
were: 1µM for Cii toxin 1 (A, closed circles) and Cll toxin 2 (8, 
closed 'guares) and 0.3 mM for Cn toxin2 (C, closed diamonds). 

Fig. e: Compulsen of primary struotur• of toxina from ~icen 
amorpione 

The on• letter code for amino acids was used to compare the 
primary etructure of toxina: Cii 1 and C11 2, are from this work; 
Cll 1 (C. limpidus limpidus 1) from Ramlrez et al., (1994); Clt 1 
(C. limpidus tecomanus 1) from Martin et al., (1988); Cn 1 (C. 
noxius 1) from Possani et al., (1985); Cn 2 and 3 (C. noxius 2 
and 3) from Zamudio et al., (1992); Cn 4 (C. noxius 4) from 
Vázquez et al., (1993); Ces II (C. suffusus suffusus II) from 
Rochat et al., (1979); CsE I, Vi to V3 (C. sculpturatus Ewing I, 
V1 to V3) from Rabin et al., (1975); C11 c1 (C. límpidus limpidus 
crustacean toxin 1) from Lebreton et al., 1994. Percentages of 
identity are Usted on the right of the figure. The first number 
en top of the sequences corresponde to the amino acid position in 
the sequence. A couple of gap' (-) were introduced in the 
sequence in order to align the cysteines (in bold). The last 
sequence, labeled common indicate the positions of identical 
amino acide in all 13 etructures compared (27 out of 67 
positione) and aleo are in bold, separated by x (non identical 
residues). 

le 



1 

1 

1 

1 

1 

8tlutunl ... l'uMtloaal CoafUI.eou of ToJdna 30 
1 

1 

2.4 a r 2.0 

1.6 --
E 
e 1.2 L 
o· 
0,) 

C\J 0.8 
<t 

0.4 

80 120 
Volume (mi) 

b 

E 
e 0.6 
o 
co 
C\J 0.4 
<{ 

0.2 

o~~~~~~~~-so 120 
Volume (mi) 

FIG. 1 

19 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



0.9 
0.8 

I 0.6 

E 
0.4 

o 
OD 
N 0,2 TT 	T T 

7a 9 10 ju 12 	13 

a -z1 .o 

- if 
- 0.4 

- 0.2 

- 0.0 

G.  

E 0.6 
e 

b 

O 0.6 
cri 

0• .4 T 	T T T T 
11 12 13 

i----0-11-1 
N 

a 

0.2 

100 	200 300 400 + 500 

Volume (mi) 

0.4 

o 
0.2 z 

- 0.0 

Be/uf:tu/al and Nusotioaal Compulso» of Todas 	 31 

44 
L G 

100 	200 	300 	400 W500 

Volume (mi) 

FIG. 2 

20 



iltairchusi and Ihmactioaal C0111~11011 of Tosins 	 32 

0.50 

E c 

Q0.25 

0.00 

a 

20 	 40 
	

60 

Time (min) 
1.2 b 

1 0.6 

E —0.4 
0.4 	 2  	

.a- 
co 	 1-4 	4-3-ft)- 	 0.2 cj 

« 	o 
.zz 	 —o.0 

100 200 300 
L 
	

G Volume (m1) 

0.2 — 
3 

E 

c 
M 0.1 
N 
tzt 

0.50 

a 

M 025 
N 
*zt 

-14%\  1 1  0  5 	40 
Time (min) 

760 

2 

1 

	1 

30 co 
o 

. ... . 

4  

1 

• s, •••• is/ 1* e" .... /.. , 

í 1  

C1,0 ... ••••• tu 	j . .... , • .....J_ _,....., ___ 

1 4. "- -... _- 	........... • -.1 	• ', ..---- 
.....:k.) 

mei. ". Io 

;tra ( min) 



a 4 
0.10 

20 30 40 

Time ( min 
50 60 

b 

60 

40 

20 

Structural Asad Pum:dogal Consparisoza oí 
TOMAS 

0.00 	 O 

10 20 30 «) E.0 GO 
Time (min )  

Fic.4 

22 

1 



fitruotural atad runctiawl Comparisou of Todas 	 34 

1 	10 	20 	30 	40 	50 	60 	66 
Cii 1 KEGYINNIISTGCKYECYKLGDNDYCLRECKWYGKGAGGYCYAFGCWCTHLYEQAVVWPLPKKTCN 

	 v8-1 	 >11 	v8-2..> 

1 	10 	20 	30 	40 	50 	60 	66 
Cii 2 KEGYLVNHSTGCKVECFKLGDNDYCLRECKQQYGKGAGGYCYAFGCWCNIILYEQAVVWMPKKTCN 

	 v8-1 	 > 	• v8-2 . • >a 

Fig. 5 

23 



fz:n 
c 75 

:t3 c 
:f3 
u 

ii 50 
a o 

O 

o¥  I :) 
° 25 

Stractural and r ~timad Conapuison of Toxina 	
35 

30 9 3 7 6 
-Log Toxin [M] 

FIG.6 

24 

1 
l 



I 

U 

i 

E 
o 
g-1 

I 

E 

pci 

\afro 

< 

Fig. 7 

25 

yriz 

vri s.  1 

Structuni and reactiolial Coaimparboa of Toxina 	
36 



■tniotwal osad hiaational Compartoon of Toxina 	 37 

1 	10 	 20 	 30 	 40 	 50 	60 66 % 
cii 1 KEGYLVNHSTGCKYECYKLGDNDYCLRECKQQYGKGAGGYCY A FGCWCTHLYEQAVVWPLPKKTCN 100 
C11 2 KEGYLVNHSTGCKYECFKLGDNDYCLRECKQQYGKGAGGYCYAFGCWCNHLYEQAVVWPLPKKTCN 97 
C11 1 KEGY1VNLSTGCKYECYKLGDNDYCLRECKQQYGKGAGGYCYAFGCWCTHLYEQAVVWPLPKKTCT 95 
Clt 1 KEGYLVNHSTGCKYECFKLGDNDYCLRECRQQYGKGAGGYCYAFGCWCTHLYEQAVVWPLPNKTCS 94 
Cn 4 KEGYLVNSYTGCKYECFKLGDNDYCLRECKQQYGKGAGGYCYAFGCWCTHLYEQAVVWPLKNKTCN 92 
Css II KEGYLVSKSTGCKYECLKLGDNDYCLRECKQQYGKSSGGYCYAFACWCTHLYEQAVVWPLPNKTCN 89 
Cn 3 KEGYLVELGTGCKYECFKLGDNDYCLRECKARYGKGAGGYCYAFGCWCTQLYEQAVVWPLKNKTCR 85 
Cn 2 KEGYLVDKNTGCKYECLKLGDNDYCLRECKQQGYKGAGGYCYAFACWCTHLYEQA1VWPLPNKRCS 83 
CsE V2 KEGYLVNKSTGCKWGCLKLGENEGCDKECKAKNQGGSYGYCYAFACWCEGLPESTPTYPLPNK-CSS 59 
CsE I KDGYLVEK- TGCKKTCYKLG ENDFCNR ECKWKHIGG S YG YCYG FGCYCEGLPDSTQTWPLPNK -CT 59 
Cs E V3 KEGY LVKKSDGCKYGCLKLG EN EGCDTECKAKNQGGS YGYC YAFACWCEGLPESTPTYPLPNKSC- 58 
Cn 	1 KDGYLVDA-KGCKKNCYKLGKNDYCNRECRMKHRGGSYGYCYG FGCYCEGLSDSTPTWPLTNKTC- 58 
C11 cl KEGYLVNKSTGCKYGCFWLGKNENCDKECKAKNQGGSYGYCYSFACWCEGLPESTPTYPLPNKSCS 56 
CsE V1 KEGYLVKKSDGCKYDCFWLGKNEHCNTECKAKNQGGS YGYCYAFACWCEGLPESTPTYPLPNK-CS 56 
Common XxOYLVxxxxOCXxxCxxL0xXxxCxxiCxxxxxxxxxGYCYxFxCxCxxLxxxxxxxPLxxXxCxx 

Fig. 8 
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Tabla 1. Recovery and toxicity of chromatographic componente 

A. Sephadex G-50 co1umn (Fig.la and b) 

Protein 
component 

Amount in mg (A2 	nm) 
Cii 	 C11 

Lethality 

Vsnom 29.5 28.1 Lethal 
F 1.5 1.1 Nontoxic 
F II 12.3 12.3 Lethal 
F III 7.0 7.3 Nontoxic 
F IV 1.7 2.4 Nontoxic 
F V 3.5 2.9 Nontoxic 
F VI 2.2 1.2 Nontoxic 
Protein 
recovered 96% 97% 

1. CMC-32 

Protein 
component 

F II 

column (Fig.2a and b) 
• 

Mount in mg (A2 	nm) 
Cii 	 C11 

43.8 	 92.4 

Lethality" 

F II.1 0.6 8.2 Not testad 
F 11.2 1.2 16.4 Not testad 
F 11.3 4.4 2.8 Not testad 
F 11.4 3.1 7.1 Not testad 
F 11.5 13.0 3.1 Non toxic 
F 11.6 1.9 22.9 Non toxic 
F 11.7 3.0 5.0 Non toxic 
F 11.8 0.7 3,7 Non toxic 
F 11.9 0.8 12.5 Toxic 
F II.10 0.2 3.5 Toxic 
F II.11 6.6 3.4 Toxic 
F 11.12 0.1 1.2 Toxic 
F 11.13 0.4 1.7 Toxic 
Protein 
recovered 82% 99% 

jusuming one Absorbance unit at 280 nm equals to 1 mg/ml protein 
Lethality defined in the section of Materials and Methods 
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Tabla 2. Tia• constante of inactivation and IC50 values in control 
and toxin treated oocytes* 

0.37.1peak 	(msec) t1  ( msec) 1050 	( µM) 

Control 14.5 ± 	2.5 (10) 12.5 ± 	1.3 (10) 
Cii toxin 1 12.9 ± 4.2 ( 	6) 13.0 ± 	1,8 ( 	6) 1.7 ± 	0.4 (5) 
C11 toxin 2 16.2 ± 2.2 ( 	5) 12.8 ± 4.0 ( 	5) 1.2 ± 	0.8 (5) 
Cn toxin 2 16.7 ± 1.1 ( 	3) 13.9 ± 	1.7 ( 	3) 0.5 ± 	0.2 (3) 

• 
Values are mean ± s.d. and number of experiments are enclosed by 
parenthesis 
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IV 	SECRECIÓN EXÓ►CRINA Y MICROSCOPiA 

Los ensayos de secreción se llevaron a cabo en ratones de 20 g de 
peso corporal in vivo. Fueron retados con veneno total de C. limpidus 
límpidas a dosis de 20 lig aplicados por via intraperitoneal. El método que 
ae utilizó para cuantificar la enzima amilana en suero fue el de Bernfeld 
(1955) que consiste brevemente en expresar la actividad de amibas, en 
términos de liberación de malta** en 3 minutos. Antes del reto se les 
extrajo 100 fal de sangre como control. Los animales una vez que fueron 
retados se les extrajo sangre cada hora hasta completar 4 hm Después 
fueron sacrificados por dislocación cervical y el páncreas removido para 
estudio de microscopia. El páncreas fue fijado con medio de Karnovsky. 

En los resultados de secreción no hubo respuesta siendo las 
cuantificaciones iguales a los controles por ello no se muestran estos 
resultados. De los estudios de microscopio de luz se muestran dos figuras. 
En la Fig A está el control donde se observan acinos pancreáticos con 
arquitectura conservada, se destaca abundante cantidad de gránulos de 
zimógeno intracitoplasmáticos teñidos con azul de toluidina, dispuestos 
en acúniulos en forma difusa sin alteraciones ductales y capilares . En la 
Fig. B se observa la misma arquitectura conservada de los •cinos 
pancreáticos con alteraciones en la coloración del citoplasma y marcada 
disminución de los gránulos de zimógeno dispuestos en forma de 
predominio ductal. En la periferia se observan focos de esteatosis 
necrótica. 

De estos experimentos se concluye que si bien en la microscopia de 
luz se observan algunos cambios cualitativos en los de secreción no los 
hay. Los venenos de los alacranes del género Centruroides parecen no 
afectar de forma importante al páncreas. Sin embargo, el trabajo llevado a 
cabo por el Dr. Fletcher et al., (1992) y el Dr. Possani et al., (1991) donde 
se muestra que el veneno de Tityus se.rrulatus y toxinas purificadas del 
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mismo si tienen un efecto sobre la secreción exócrina del páncreas con 
alteraciones histopatológicas compatibles con una pancreatitis aguda 
estimulan el continuar con estos experimentos para elucidar la relación 
existente entre toxinas purificadas y los mecanismos de secreción. 

Fig. A 

(Control) Microscopia de luz que muestra un conjunto de acinos 
pancreáticos con arquitectura celular conservada. Los gránulos de 
zimógeno (GZ) están dispuestos en actimulos difusos en el citoplasma. Los 
ductos (D) no presentan alteración alguna al igual que los capilares (C). El 
núcleo (Nu) se encuentra de forma y situación normal. 20 x 100 aumentos. 
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Fig. 

Acinos pancreáticos con arquitectura celular conservada, alteraciones en 
la coloración del citoplasma con marcada disminución de gránulos de 
zimógeno (GZ) orientados hacia la luz de los duetos (D) 6 en sus porciones 
periductales. Los núcleos no presentan alteraciones. Se observa necrosis 
(N) grasa en la periferia del conjunto acinar. 10 x 100 aumentos. 

11 A r"\ I" ORIGEN 
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V 	DISCUSION Y CONCLUSIONES 

Tanto el C. infamatus infamatus como el C. limpidus limpidus son 
las dos especies de alacranes responsables de un importante número de 
envenenamientos en los estados de Guanajuato, Guerrero y Michoacán (ver 
anexo 2 y 3). La separación cromatográfica del veneno de C. infamatus y 
de C. limpidua muestra patrones similares desde su fraccionamiento en 
resina de Sephadex 0-50 fino con una fracción importante (denominada 
fracción II en la cromatografía con Sephadex) la cual contiene los 
polipéptidos tóxicos a mamíferos (ratón). La fracción 11 al ser 
recromatografiada en resina de intercambio Jónico (CMC-32) retiene los 
péptidos básicos los cuales son eluidos con el gradiente salino. Los últimos 
cinco componentes son tóxicos a mamíferos, excepto el componente 
número 13 del C. limpidus el cual es tóxico a crustáceos. Purificaciones 
subsecuentes de los principales componentes (11.9 de C. limpidus y 11.11 
de C. infamatua) por recromatografías en resina de intercambio tónico 
por cromatografía líquida de alta presión (CLAP) nos permitió obtener en 
forma homogénea un péptido de cada uno de estos venenos (ver fig. 2, 111). 
La estructura primaria completa de estos dos péptidos fue obtenida por 
medio de la degradación automática de Edman primero, posteriormente se 
llevó a cabo una reducción y carboximetilación de la toxina nativa y 
finalmente se realizó una digestión enzimática (ver fig. 3 y 4, III). La 
similitud de secuencia entre estos dos péptidos, denominados toxina 1 de 
C. infamatus y toxina 2 de C. !Impidas es extraordinaria, unicamente hay 
dos aminoácidos diferentes, uno es una tirosina por fenilalanina en la 
posición 17 y una treonina por asparagina en la posición 49 (ver figura 8, 
III) para Cii 1 y CU 2, respectivamente. 

En conclusión, presentamos el aislamiento y purificación de dos 
nuevas toxinas del veneno de alacranes mexicanos. Su secuencia de 
aminoácidos tiene una alta homología entre ambas siendo del 98%. De la 
misma manera estas dos toxinas tienen una homología con otras toxinas 
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aisladas del mismo género que va del 62 hasta el 98%, como seria lo 
esperado (ver fig. 8, III). 

Jover et al., (1980), describieron dos sitios diferentes para las 
toxinas de alacrán en sinaptosomas de cerebro de ratón. Las toxinas a 

representadas por alacranes del viejo mundo las cuales hacen lenta la 
inactivación de los canales de Na+  y las toxinas p representadas por la 
toxina II de C. suffusus suffusus (alacranes de Norte América o del Nuevo 
Mundo) las cuales afectan la activación del canal de Na+. Sin embargo en el 
veneno del alacrán C. sculpturatus hay toxinas que tienen el efecto de las 
toxinas p (anotado por Martin et al, 1988) y otras toxinas que afectan la 
activación del canal de Na+. De misma forma en el veneno del alacrán 
Tityus serrulatus, del Nuevo Mundo, hay toxinas del tipo a y p (Yatani et 
al., 1988, Kirsch et al., 1989). 

Para abordar el estudio de la función planteamos dos enfoques, el 
primero fue ensayar la afinidad de las dos toxinas utilizando experimentos 
de pegado y desplazamiento a membranas de sinaptosomas de cerebro de 
rata (ver fig. 6, III). Se seleccionó a la toxina 2 de C. noxius por ser una 
bien conocida toxina p la cual se marcó con 1251. Las dos toxinas 
desplazaron en forma competitiva el pegado de la toxina 2 de C. noxius en 
una forma casi idéntica (ver fig. 6, III), por lo tanto ambas compiten por el 
mismo subtipo de canal de Na+ en la misma forma que las toxinas fi. Con el 
fin de apoyar este resultado utilizamos un sistema de expresión en 
ovocitos de rana para un mensajero especifico que codifica para el canal 
de Na+ de músculo esquelético de rana (ver fig. 7, III). Este experimento 
confirmó que estas dos toxinas modifican unicamente el pico de 
activación de este canal. Además, sabemos que la toxina 1 de Cii afecta el 
canal de Na+  de las células nerviosas de las raíces dorsales de embrión de 
pollo disminuyendo el pico de activación siendo este efecto reversible 
después de lavado (ver anexo 1). Por lo tanto, ambas toxinas son 
clasificadas como toxinas de tipo p o de las llamadas del nuevo mundo. 
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Por demás interesante es la comparación de la toxina 1 de Cii con la 
toxina 1 de C. limpidus tecomanus puesto que fueron ensayadas en la 
misma preparación con concentraciones iguales. Ambas tienen un efecto 
relativamente pequeño que no pasa de un 25% mas su mecanismo de 
acción si es diferente. La toxina 1 de C. limpidus tecomanus hace lenta la 
inactivación de la corriente del canal de Na' en tanto la toxina 1 de Cii 
disminuye la activación del canal. Esto, en conjunto hace que tengamos 
dos toxinas con una estructura primaria muy parecida pero con función 
diferente que nos permitirá a futuro estudiar la función del canal de Na♦  
en relación a la estructura de las toxinas. 

El efecto de la toxina 1 de C. limpidus tecomanus es hacer lenta la 
inactivación del canal de Na' en células de las raíces dorsales ganglionares 
de pollo en forma similar a las toxinas de las alacranes del viejo mundo, 
mas en células de corazón cambian el pico de permeabilidad sin modificar 
el curso del tiempo en la corriente durante el pulso. Ello indica que la 
toxina puede actuar como a o p dependiendo del tejido en que se aplica. La 
toxina 11-10 de C. nonius disminuye el tamaño de la corriente en el axón 
gigante de calamar (Carbone et al., 1982) en tanto en células de las raíces 
ganglionares dorsales de pollo afecta principalmente el curso del tiempo 
de inactivación. Por ello en vez de cambios mínimo■ en la estructura 
primaria de las toxinas se debe de ver la enorme importancia de la 
especificidad del tejido para diferentes toxinas. Toxinas con estructura 
primaria similar tienen diferentes efectos en tejidos excitables de 
diferentes especies lo que finalmente nos lleva a la clasificación de toxinas 
para mamíferos, insectos y crustáceos de acuerdo al bioensayo usado 
durante su purificación. 

Otro ejemplo es la toxina 11-9 de C. limpidus limpidus (Alagón et al., 
1988)1a cual es una toxina a crustáceos (en esta tesis es la toxina 11-13 de 
C. Límpidas ¡impides) y las toxinas 1 y 2 del mismo alacrán que son 
toxinas a mamíferos. De esta última, la cual es objeto de la presente tesis 
observamos su efecto como una típica toxina p. 
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En resumen, podemos mencionar que el veneno de alacrán contiene 
una familia heterogénea de péptidos con estructura primaria variable y por 
ende conlleva diferentes mecanismos de acción con receptores diferentes. 
Por lo anterior, el descubrimiento de nuevas toxinas con diferentes 
estructuras y mecanismos de acción son un campo de estudio muy 
estimulante. 



VI 	PERSPECTIVAS FUTURAS 

Las perspectivas futuras las podemos contemplar de la siguiente 
forma: 

1. Identificar las toxinas que afectan a los canales de le de estos dos 
venenos tanto de Ces:fru:video infamatus infarnatus como de 

~rumí"s 
limpidus litividus. 

2. Obtener por donación los genes que codifican para toxinas que 
afectan tanto al canal de Na' como al de K#  y tener la posibilidad de 

ampliar 
los estudios de relación estructura función coa mutaciones 

puntuales. 

3. Continuar los experimentos de secreción con toxinas purificadas ea 
células achimes aisladas. 
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M. DEHESA-DÁVILA, 13. M, MARTIN, M. NOBILE, G. PRESTIPINO and L. D. 
POSSANI. Isolation of a toxin from Centruroides infuntatus injamatus Koch 
scorpion venom that modifies Na permeability on chick dorsal root ganglion 
cells. Toxieon 32, 1487-1493, 1994.—A novel toxin was isolated and character-
ized from the venom of the Mexican scorpion Centruroides infamatus infamatus. 
It has an apparent mol. wt of 7600, compatible with the presence of 66 amino 
acid residues per molecule. The N-terminal amino acid sequence was deter-
minad (up to residue 48) and showed approximately 95% sitnilarity with toxins 
from other Mexican scorpions of the genus Centruroides. Experiments con-
ducted with chick dorsal root ganglion cells showed that toxin 1 is a Na 
channel effector, causing a decrease in the peak Na' permeability, similar to 
decreases observed for typical fl-scorpion toxins, 

INTRODUCTION 

SCORPIONISM is an important health problem in the city of Lean, state of Guanajuato 
(Mexico). The only dangerous scorpion reported in this aren is Centruroides infamatus 
infamatus (Cii) from the Buthidae family. It is a slender yellow scorpion: 6-8 cm in length. 
It cohabits with humans, causing a high incidence of scorpion stings, as previously reported 
(DEHESA-DÁVILA, 1989; DEHESA-DÁVILA and POSSANI, 1994), and lo the test of our 
knowledge only an abstract (DEHESA-DÁVILA and POSSANI, 1990) is available in the 
iiterature, conccrning the biochemistry of its venom. During the years 1990-1993 there 
were 35,777 cases of scorpion stings registered (personal communication, Dr CHAvEz 
Hpto). Horse antiserum (Alacramyn'mt) has successfully been applied lo 18,212 

Author to whom correspondence should be addressed. 
f Alacrarnyn is a trade mark from Laboratorios Bioclon, Calz. Tialpan 4687. México D.F. 14050. México. 
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people, reducing the mortality rale to zero in 'the Mexican Red Cross Hospital of 
Leon. 

In this communication we report the isolation and the N-terminal amino asid sequence 
-or a ioxin from this scorpion specics (Cii),anciits,effect on Na' channels of chick dorsal 
root ganglios (DRG) cells. 

Fto. 1. CHRONIATOGRAPH1C SEPARAT101: 
(a) Cii soluble venorn (21.5 mg by absorbance as 280 nm) in mi solution was applied to a 
Sephadex G.50-mediurn column (200 x 0.9 cm) equilibrated and run with 20 mhl ammonium 
achate buffer, pH 4.7. The how rase was 25 ml/hr and fractions of 	mi were collected and pooled 
according to iheir absorbance at 250 nrn, as indicated by the horizontal bars. Only fractíon II 
was toxic lo rnammals, T, Toxic Columns were run at room temperature (22'C). (b) Fraction 11 
from independent applications en the Sephadex 0-50 (37.5 mg total) was applied :o a CMC-32 
(0.9cm x 10 cm) equilibrated and sur. with 20 mM ammonium acetato buffer. pH 	at a flow rata 
of 30 mlfhr. A linear salt gradient in 500 ml total volt:me. from O M to 0.$ M NaC1 (250 ml e.ach) 
was used to elute the colurnn. L. Leading the sampler G. starting pe:int of :he prueben': W. washing 
with 1 M NaCl. fe) Fraction 11.11 18 6 rng) 1.t.tes applied to the same column 2s, in tb) equilibrated 
and eluted in 50 mM • phosphate buffer. pH 6.0. using a lotear gradirni from Oto 0.4 M NaCI 
in the same buffer. (4) H?LC red:ration of fraction 11.11.1 in a CtS relerst phase coiumn (Vyeltic. 
Hysperia. CA. U.S.A.). using a Becl,man 421A chromaiographic system with a linea: gricitent from 

O to 60% of acetortitriit. in the presence of 0.1% trifiunroacetic acid 
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MATERIALS AND METHODS • . 

The scorpions viere collected by us in the Natal of the city of Leon, Guanajuato. The venom was obtained 
by electrice, siimulation of anaesthetized anhela ai préviouslideseribtri (pira' ei al., 1980). Water-solubilized 
venom was centrifuged al 16,000 x a  for 13 min in a Sorvall SS.» rotor. The supernatant was freeze-dried and 
stored at —2« unid ~d. 

The mute lethality of VitiOUI protein fractions was observed after i.p. injection ofdifferent amounts of protein 
4usujlh from 10 to 30 pg) in 0.2-0.4 ml satine ar buffer solutions. int° adule 20-23 g mies Wein CD1). Lethalit 
test were conduced with a minimum of animal, according lo protocols approved by the Animal Carie Committee 
of our insoluta. To define the toxicity of miaus chromatographic componente. three designations were used 
(Posa' %t ti al., 1974. 'Lechal' mesas that the componen al theldosejojected was enough to kilt the tested mouse 
within 4 hr of inoction. 'Tosie' means that tire mouse shows any of the following symptoms: eacitabiltty, 
salivation. temporary peralysis of toar limbo, dyspnea, but recovered within 20 hr atter injection, 'Non•toxic' 
means norma! Whaviour similar to that atter the injection of 0.9% NaCI or buffer solutions. The Loge  value of 
the toxic fraction 11. from Sobado' G.30. *as determined graphically (Poluto e, al,. 1977) using Av, different 
protein concentrations of fide [nailon. The Lus  va; estimated to be 1.27maike for CDI *trajo of alano mice. 
The protein contento of venom and chromatographic subfrections of venom viere calculated based on absorban« 
di 280 nm. asiuming 1 unit of absorbance, in a 1 cm pathway ouvetie, equal to 1 mgintl proteja, 

RESULTS 

The soluble venom (21.8 mg) was applied to a Sephadex G-50-medium column 
(200 cm x 0.9 cm). The toxin•containing tubes were pooled (fraction number II) and 
furiher separated on a carboxy.methyl.cellulose resín (CMC-32, from Whatman, 
Springfield. U.K.), equilibrated and run in the presence of 20 mM ammonium acetate 
buffer, pH 4.7. The major toxin fraction obtained (11.11) was subsequently purified by two 
additional steps: first on CMC-32 column equilibrated with 50 mM K*.phosphate buffer, 
pH 6.0: and second, with high-performance liquid chromatography (HPLC) through a C18 
reverse phase column. Additional details on the purification procedures are indicated in 
the legend of Fig. 1. When necessary the fractions were dialysed against the appropriate 
buffers, using a Spectrapor 3 M dialysis membrane (Spcctrum Medical Industries. LA, CA. 
U.S.A.). The purity of the fractions was assessed by polyacry)amide gel electrophoresis 
(PAGE) using the system described by REISFELD el al. (1962). 

Figure 1(a) shows a chromatographic profile of the venom separation through Sephadex 
G•50.medium chromatography. This gel filiration provided three fractions in a very 
reproducible manner (this step was repeated at least five times). Fraction II corresponds 
to 73% of the soluble venom, and was lethal to mice. Fractions 1 and 111 were not toxic 
at the dose assayed (50 pg/mouse). Overall recovery from Fig. 1(a) was 98% (Table 1). 
Fraction 11 from Sephadex G.50 applíed to a CMC-32 column separated 15 subfractions 
(Fig. 1(b)) and the final recovery was 99%. Component 11.15 was obtained by washing the 
column with 1 M NaCI and was shown to be toxic only to crustaceans. Fraction 11.11 
represents 16% of the material recovered. and was re-applied lo a CMC.32 column, as 
indicated in Fig. 1(c). The principal toxic component (11-11.1) was subsequently purified 
by HPLC. as shown in Fig. 1(d). Component number 1 (label T) was lechal to mice and 
run as a single band (data not shown) on PAGE (REIFELD rt al.. 1962). The apparent 
mol. wt estimated from sodium dodecyl sulfate- PAGE (LaEststu, 1970) was in the range 
of 7600: Unce, compatible with the presence of approximately 66 amino acid residues per 
molecule of peptide. A sample of this toxin (150 ií g) was reduced and carboxymethylated 
(RC•toxin), as previously described (MARI»: el al., 1988). RC-toxin (LO nmol) was 
attached to a Sequelon•AA mentbrane and sequenced using a MilliGen.Biosearch 
Prosequencer. 
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TABLE 1. RECOVERY AND LETHALITY OF CHROMATOOltAPNIC FIACTION5 

Column Fraction 
Protein content 

(ma)• 
Recovery 

(1) 
Lethality 
(uso) 

Sephidea G-50 Soluble venom 21.8 100 Lechal 
(Fig. la) Fucilan I 1.1 5 Non•toxic 

Fraction 11 16.0 73 (1.27 mg/kg) 
Fraction 111 4.3 20 Non-toxic 

Total 21.4 98 

CMC-32 Fraction II 37.5 100 Loba! 
(Fig. lb) Fraction III 0.6 5 Not testad 

Fraction 11.2 1,9 5 Not testad 
Fraction 13.3 2.8 7 Not testad 
Fraction 11.4 3.1 8 Not usted 
Fraction 11,5 10.6 28 Non-toxic 
Fraction 11.6 1.7 5 Non•toxic 
Fraction 11,7 3.1 8 Non•toxic 
Fraction 11.8 0,6 2 Non- mide 
Fraction 11.9 1.0 3 Toxic 
Fraction 11.10 0.6 2 Toxic 
Fraction 11.11 6.0 16 Lechal 
Fraction 11.12 1,3 3 Toxic 
Fraction 11.13 1.1 3 Toxic 
Fraction 11.14 0.4 1 Toxic 
Fraction 11,15 0.4 1 Toxic 

Sida tubos 1.8 5 Not testad 
Total 37 99 

*The values reportad are percentages, basad on absorbance units at 280 rn. Lethality testad ware 
performed in CD1 albino mico, with a dose of about S0µ1 protein per mouse. 

The amino acid sequence round was: Lys-Glu-Gly-Tyr-Lcu-Val-Asn-His-Ser-Thr-Gly-
Cys-Lys-Tyr-Glu-Cys-Tyr-Lys-Leu-Gly-Asp-Asn-Asp-Tyr-Cys- Leu-Arg-Giu-Cys-Lys-
Gin-Gln-Tyr-Gly-Lys-Gly-Ala-Lys-Gly-Tyr-Lys-Tyr-Ala-Phe-Gly-Cys-Trp-Cys 

We propose calling Chis peptide: toxin 1 from Centruroides infamatus infamatus 
(abbreviated Cii-I). The N-terminal amino acid sequence obtained (through residue 48) 
was compared with known toxins from scorpions of the genus Centruroides, showing a 
striking degree of similarities. Cornparing the sequenced portion of Cii-1 (about two-thirds 
of the full length peptide) with that of C. límpido tecomanus toxin 1 (MARTit. et al., 1988) 
showed 96% identity, C. 1. limpidus (11AtdiREz et al., 1994) toxin 1 had 94% identity, while 
C. noxius toxin 4 (VÁZQUEZ et al., 1993) and C. suffusus suffusus toxin 11 (RocHAT et al., 
1979) had 94% and 87% identity, respectively. The least similar was variant 2, from 
C. sculpturatus (BAsiN et al., 1975), which showed only 67% identity with Cii-l. Thus, all 
these peptides from the genus Centruroides are definitively related. 

In order to verify the function of Cii-I we have assayed the pure toxin on chick dorsal 
root ganglion cells. The effect of toxin Cii- I (at 0.5µM concentration) on these cells 
demonstrates that it affects Na' permeability [Fig. 2(b)J. The experiments were performed 
with primary cultured neurons from dorsal root ganglion of 10-day-old chick embryo. 
Sensory neurons were grown as described (BARDE et al., 1980) and current recordings 
(HAM1LL et al., 1981) were obtained in the whole cell configuration system, at room 
temperature (20-22°C). The experimental set-up previously described by us (Noma et al., 
1990) was used. Membrane currents were evoked by voltage steps of 10 mV, 40 msec 
long, from -40 to 50 mV, and the holding potential (VH) was kept at -60 mV. Data 
acquisition and voltage pulses generation were performed on line with a PDP 11-23 
minicomputer. Membrane currents were filtered at 3 kHz, digitized with a sampling 
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Fio. 2. EUCTROPHYSIOLOGICAL RECOADINGS os DRG uta 
(a) A family of currents, dan lo step depolarization from —60 mV to +50 mV, evoked in a 
voltage-clampted oil. External and interna? solutions were chosen in arder to eliminate K' and 
Ca' currents. The composition of the externa! solution was (meq): 120 NaCI, 3 KC1, 2 Caa., 
2 MjC1,, 20 g114014. 10 HEPES. 1 CdCI. The pipette Ming solutíon contained (meq): 120 Csdl, 
20 tetwethyl.ammonium ehonde. 10 EGTA, 2 MgCl:, 10 HEPES. Solutions were adjusted to 
pH 7.3, with NaOH (externa, solution) or CsOH (internai solution) and adjusted also to 
300 mosmilts by adding mannitol. (b) Action of 0.5 ph4 toxin Cii.1 on Na' current; al the 
membrane potencial Indicas in (a). The peak Na` current decreased by about 25%. (c) Na` 
current' atter washing the cell with toairbtrce solution. Recovery was almost completed atter 2 min 

washing. 

frequency of 10 kHz and stored for further analysis. In all experiments series resistance 
compensation for the pipette resistance was used to obtain maximal response time 
constants. Leakage and capacitive current components were reduced by appropriately 
subtracting scaied currents. Figure 2(a) shows a family of currents, due to step 
depolarization from —40 mV to +50 mV, evoked in a voltage clamped cell. A fast 
transient inward current was present at all potentials; however, an opposite residual 
outward current appeared occasionally al membrane potentials more positive iban 0 mV, 
very likely due to Cs 4  ions passing through K* channels (ionic conditions in the legend 
for Fig. 2). The fas% current disappeared following the addition of 3 p M tetrodotoxin 
Info the bath or by replacing the externa! Na* with choline (data not shown). This indica tes 
that inward currents were due to Na' ions, Figure 2(b) shows the effect of Cii-1 externally 
applied to the same cell. A decrease in the Na* current of approximately 25% was 
observed. Qualitatively similar results were recorded in about 15 more neurons assayed. 
Figure 2(c) shows the results of washing the píate with buffer without toxin. Almost 

FUI 3. CURHEST-VOLTAGE IIELATiONSHIP SHOWING THE REVERSIIILE &FUI 01 Cti.l. 
Empty square represent control conditions, futl circks índicate the atoan oí toxin Cit.!, and full 
squares, the recover> te the ínitial conditions This graphic was uhtained from the family currents 

descrvbcd in Fig 2. 

"
ALCA DE ORIGEN • 

6 



1 

Anexo 1 7 

	 .Y,W..1••••.14...~.•••••••••• •••• 

1492 	 M. DEHE.SA•DÁV1LA er al. 

complete rccovery was obtained after 2 min. A summarized current-voltage curve of this 
experiment is shown in Fig. 3. 

DISCUSSION 

We report the purification of a new toxin (Cii-1) from the venom of the scorpion 
Centruroides ily'aniatus infamaras, which is the first to be described from this venorn. 
The N-terminal amino acid sequence ís highly similar to toxins extracted from other 
Mexican scorpions, as expected. This toxin is a Na+ channel effector, causing a decrease 
in the peak Na‘ permeability, similar to that observed for typical j3-scorpion toxins from 
the New World (YATANI et al., 1988). This effect is reversible, under washing (Fig, 2c). 
Thus, toxin Cii-I is another fl-scorpion toxin that increases the vas' repertoire of known 
peptides evolved by scorpions, and should serve as another variara for structure-function 
relationship studies of toxin-channel interactions. 

One of the mos( interesting questions arose when we compared the effect of Cii-1 
with that of C. 1. tecomanus .toxin 1 in the same DRG cells (MARTIN et al., 1988). 
Appiied to DRG cells, at the same concentration, both toxins have a relatively small 
effect (not highcr 'han 25% change), but the mechanism of uction appcars to be 
different. While C. 1. tecomanus toxin 1 seems slow inactivation of Na' channels in DRG 
cells, similar to the Old World scorpion toxins (sec MARTN et al.. 1988), C. t. infamatus 
toxin 1 (this communication) seems lo decrease the peak permeability of Na -  currents. 
Thus, 'hese trlo toxins might be important tools for studying Na' channel function versus 
toxin structure, especially when the full amino acid sequence of Cii-1 becomes available, 
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M. DEHESA-DÁVILA and L. D. POSSANI. Scorpionism and serotherapy in Mexico. 
Toxicon 32, 1015-1018, 1994.-1n Mexico, scorpionism is an endemic public 
health problem. The exact number of human accidents is unknown, but partial 
statistics suggesls numbers clase to 200.000 per year. The documented number 
of fatality cases is in the ordcr uf 310 people per year. Wc currently use horse 
antiserurn in patients who show a clear piclure of intoxication. Our personal 
experience in Crea ting 38,068 people, from which over 20,000 received serother-
apy, shows that the antiserum is very effective, in that none of the patients died. 

IN MEXICO, about 134 different scorpion species (including subspecies) have been round. 
but only eight of them are dangerous to humans. and are responsible for the majority of 
stings. They belong to the genus Centruroides, family Buthidae. Hoffmann described at 
least 30 different species and subspecies in this genus (HOFFMANN. 1936; HOFFMANN and 
NIETO. 1939). The dangerous species are: Cen:ruroidc's eiegans, C. iqfamatus infanunus. 
C. limpidus limpidus, C. 1. tecomanus, C. 110XiliS, C. pallidicep.s. C. sculpluralus and C. 
strffusus suffusus. These arachnids are round on the Pacific Coast, where 11 Mexican states 
were shown to be endemic places for scorpions. and consequently responsible for a 
hazardous public health problem. 

Unfortunaiely, the epidemiological data are incompleta and the exact number of 
accidents is unknown. Original estimates of the number of cases were published by 
MAZZOTI and BRAVO-BECHERELLE (1963) and reported by MoNRov-VELAzco (1961), 
Numbers as high as 100,000 cases of accidents per year were reported during the 1960s 
and 1970s. LOPEZ-ACUÑA and ALAGON have compiled data (presented in the technical 
session of the Sociedad Mexicana de Salud Publica) for 1976 suggesting numbers close 
to 200.000 per year. In 1989, DEnr:sA•DÁvii.A reponed the incidente of 38.068 cases of 
people stung in Leon, regisiered only at the Red Cross Hospital, during the period 
1981-1986. 

In this discussion (see Table 1) we include unpublished data from statistics collected by 
us in the city of Leon, Guanajuato. where one of us (MDD) worked, giving clinical 
attention to patients during the period of 1984 lo 1986. Also included are partial data from 
two other cities: Cuernavaca in Morelos State, and Tepic in the State of Nayarit, compiled 

'Author to whom correspondence should be addressed 
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TAIII.E 1. PARDAL StATISTICAL DATA OF scniu'ION STINGS IN MEXICO 

Year Leon• Cuernavaca Tepic 
Total national 

mortalitYt 

98! 6649 n.c.: R.C. 390 
982 8044 n.c. n.c. 401 
983 7342 1759 1759 345 
984 7928 1564 1068 312 
985 7289 2641 1063 29! 
986 7989 3042 1206 278 
987 7155 3775 1510 272 
988 7130 3661 1109 290 
989 9279 a.c. 1814 233 
990 9373 n.c, n,c. 285 
991 9587 n.c. n.c. n.c. 
992 8671 n.c. n.c. n.c. 

Total 96,436 16,442 9529 3097 
Global 122,407 

• Only Red Cross Hospital and one clinic of IMSS (Mexican 
Institute of Socia! Security) in Leort. Guanajuato. 

t Mortality otlicially registered by the Ministry of Health for the 
entice country. 

n.c,, Not compiled. 

by us for comparative purposes. We have documented 122,407 accidents during 12 years 
of observation in Lean, 6 in Cuernavaca and 7 in Tepic. The city of Icon alone had 
approximately 8000 stings per ycar during Chis time. Yet these data were recorded only 
from the Red Cross Hospital and one of the Social Security Hospitals. Also, the data 
collected in Cuernavaca and Tepic refer only to the Hospitals of the Health Ministry 
(Secretaria de Salud). These cities have other hospitals. The actual documental cases in 
Table 1 indicate a mean value of about 11,500 accidents per ycar, in !hose threc cales atolle. 
There are other factors to be considered, such as cases where people (healthy adults) do 
not always go to the hospital when stung by scorpions. These data taken together indicate 
that the number of accidents by seorpions in Mexico is high. The number of fatal accidents 
in the entire country is also considerably high, about 310 people per ycar (Table 1). 
However, the official statistics are surely underestimated by a factor of 2 or 3. lo many 
cases, the certificate of death (causa mortis) states that the palien' dial because of a 
cardiocirculatory shock, pulmonary oedema or cardias arrest, but does not associate the 
scorpion sting (o diese events. 

The envenomation and prognosis will depend on a number of factors, some of them 
attributable to the scorpion and some to the victim. For the scorpion diese are: (1) speeies, 
(2) condition of the telson (stinger) at the moment of the accident, and (3) the number of 
stings and quantity of venom injected. For the víctim: (1) age, weight and health of the 
victim, (2) concomitant diseases (diabetes. hypertension, heart disease, etc.), and (3) 
effectiveness of the treattnent. From the onset of the first signs and symptoms of 
envenomation to the developmcnt of a severe pieture might take a very short time; in most 
cases ibis progression can take only 5 (o 30 min. Serious systemic complications such as 
heart failure, pulmonary oedema, circulatory shock, convulsions and coma worsen the 
prognosis. Respiratory failure is usually the cause of death, but other severe complications 
like cardiocirculatory shock may lead to death (DEBEsA-DÁvtiA, 1989; DEL POZO and 
GoNzAusz, 1945). 

The mos' important points, for the purpose of this discussion, however, are the clinical 
events and the serotherapeutic treatment applied to the patients. The physicians (or trained 

F.A 	t., a.w, 	1:: 	1:, 1\1 
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paramedicals) can easily distinguish two distinct symptoms (local and general) following 

a scorpion sting. 

Local symptoms 
Immediately atter the sting there is burning pain, which is followed by pruritos and 

hyperaesthesia. Mild inflammation sometimes occurs. 

General syniptotiss 
The foilowing list of symptoms is not always observed and they do not have an apparent 

sequence: hyperexcitability, restlessness, hyperthermia, tachypnoea, dyspnoea, tachycardia 
or bradycardia, profuse sweating, nausea, vomiting, gastric hyperdistention, diarrhoca, 
lachrymation, nystagmus, mydriasis, photophobia, excessivc salivation, nasal secretion, 
dysphagia with a sensation of hair in the throat, dysphonia, cough, bronchorrhoea, 
pulmonary °edema, arterial hypertension or hypotension, heart failure, circulatory shock, 
convulsions, ataxia, faseiculations and coma. 

Most of this symptomatology is dile lo the stimulation of the autonomic nervous system 
which includes parasympathetic (cholinergic) and sympathetic (adrenergie) pathways. 
Both are stimulatcd by scorpion venom. In the course of the envenomation one effect can 
be predominant, but mixed elTects are also ohserved. This is the reason for linding variable 
sytnptomatology as discussed by FREIRE MAZA el al. (1976), and FRElRl MALA and CAMPOS 

(1989). Another factor to be taken luto consideration, as dernonstrated by ISMAIL (1988), 
is the rapid distribution of the venom and the time for its elimination from the body. The 
intravenous route dissemination of the venom componcnt rangos from 4 to 7 min and the 
overall elimination half-lives are from 4.2 to 13.4 hr. 

ln our opinion, the key objcctivc of the physician at ibis stage is to be able to neutralice 
the circulating venom with antiserum, as soon as possíble, when the patient needs this 
trcatment. llowever, this is not a trivial decision. Usually, in the cases treated by us, when 
the patient manifests only the local symptoms we do not apply the serum. 1f the patient 
presents two or more of the general symptoms described aboye u e do appiy the serian, 
immediately, ln several years of clinical practico in Leon (DilusA-DÁvit.A, 1989), by 
following ibis procedure and using the sera mentioned below (Alacramyn" ), norte of our 
patients died.. From 38,068 patients .that cante lo the Red Cross Hospital. antiserum was 
administered to 20,293. Skin tests, or other procedures, were not performed to determine 
possible Itypersensítivities. None of the patients developed iminediate allergic reaction. 
Cases of late development of serum sickness, although possible, were not documented, 
mainly because the patients do not retara to the hospital. Patients arriving late at the 
hospital with complicated symptoms are also treated immediately with serum, and then 
placed lato special cure units for adequate monitoring and other drug-therapy treatments. 
according to the clinical symptomatology manifestad. 

In Mexico. Centruroides polyvalent antivenom is procluced in horses by injecting with 
a mixture of macerates Oí VC1101110lIS gland from the most important species (C. nOXii4S, 

C. 1. limpidus, C. 1. tecomanus, and C. sut)usus suffitsus). 11 is cnzymatically digested and 
lyophilized. The antivenom cross-reacts with other Centruroides, and protects against all 
venomous species of the country. There are two producers of antiseruin against Cen-
truroides species: 

(1) Gerencia General de Biologicos y Reactivos, Health Ministry, M. Escobedo 20, C.P. 
11400 Mexico 	Mexico. Suero Antialacran—ampoule with lyophilized immunoglob- 

Oile aitIputiie neutralizes 150 to, ;„ in atice tested intraperitoneally... 
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(2) Laboratorios BIOCLON S.A. (before MYN, Zapata, and Grupo l'harma). Calzada 
de Tialpan 4687, C.P. 14050 Mexico D.F., Mexico. Suero Antialacran (Alacramyn).—
ampoule with lyophilized immunogiobulins. One ampoule neutralizes 150 Lose  in mice 
tested intraperitoneally. 

The quantity of antivenorn to be used is determined by the clinical symptoms and their 
evolution in time. The lyophilized immunoglobulins contained in the ampoule are 
dissolved in 5 ml of water for injection, lo earlier stages of envenomation, one or two vials 
are enough lo neutralize the circulating venom, hence controlling the clinical symptoms. 
However, when the patient comes to the hospital in tater stages of envenomation it might 
be necessary to use up to four vials of sertim, This is valid for both children and adults. 
It is always advisable to administer an antihistamine (i.e. chlorpheniramine) together with 
antiserum. Foster neutralizing effects are obtained if the intravenous route of injection is 
used, Intramuscular injection of the antiserum is also effective but its absorption is slower. 
The use of the antiserum is not recommended in the absence of systemic symptoms of 
envenomation. 

The conclusion of this work is that there is no doubt that the application of immune 
serum is the most important therapeutic measure to neutralize the circulating venom. We 
are not negiecting the appropriate treatment of the clinical symptoms with other available 
drugs and supportive therapies, when required. Another important fact ís the use of potent 
(high-titre) and polyvalent antisera for serotherapy. The !atter factor might explain some 
disappointing results obtained by other people in other parís of the world, where these 
factors were not taken finto consideration, or even worse, where a serum with these 
characteristics is unfortunately not available (GUERON el al., 1993; iSMAIL, 1993). 

Acknowledgemersts —The authors thank Dr ALFREDO CIIAVEZ HARO, Sub-Director of the Mexican Red Cross 
(Lean, Guanajuato), for helpful information and support to MDD, 
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CLIN1CAL TOXICOLOGY OF ANIMAL VENOMS AND POISONS 
A Newsletter to all Authors 

April 10, 1995 

Dear Colleagues, 

there we are finally I The book to which you contributed considerably with your excellent 

chapter(s) on particular aspects of clinical toxicology of animal venoms and poisons is now in 

its final stage of preparation. The índex is presently under preparation and should be finished 

within ten days time. 

You should receive the „final" draft copies, as soon as we reccive them from CRC Press (the 

tuanuscripts have becn provided in „camera ready forman within the next 4 to 6 weeks. We 

are convinced that the book svill be on the market probably early fall 1995. 

We are wondering whether CRC Press is able to kcep its prornise to publish the book for less 

than US$ 100.00 l This would really make the book a „best seller" in Toxinology. 

On beltalf of Dr. Julian White and tnyself 1 wish to (bank you at this stage for your very 

valuable contribution. At the same time, let us apologize for our long silence. However, the 

editorial work was also for us some sort of a „late night" and „weekend" event besides our 

regular work. 

With all best wishes, 

Yours sincercly 

Dr. Julian White, 	 Dr. Jürg Alela 
Adelaide 	 Base' 
Australia 	 Switzerland 
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IX. Refetences. 

1. INTRODUCTION 

This citapter encompasses the clinical toxicology of scorpion stings, using as a model the 
scorpions from the genus Centruroides of Moda). Statistical estimates indicate that in 
Mexico about a quarter of a million sting accidents occur in humans every ycar. Also, due 
to the diversity of climates, about 136 different species and sub-species of scorpions are 
cndemic in Mexico.1  Fortunateiy only cight spccies and sub-spccics are clínically 
important for man.1.2  

Scorpions are arachnids well distributed goographically, in tropical and sub-tropical arcas 
of the world, and possess a venom apparatus composed of a pair of glands and a sting. The 
species important for human health contain in thcir vcnonts smalt molecular wcight 
pcptidcs capabie of causing impairment of ccll function by interfering with ion channel 
permeability of the membranas of excitable cclls. 

This chaptcr we will present and discuss some of the general aspects of the venom, 
symptorns and sigas of envenomation, prophylaxis and clinical management, basad on the 
author's own experience; especially in the treatment of persons stung by scorpions. More 
than ten thousand cases wcrc treated by our group in different clinical facilities. Some 
refcrcnccs are also included concerning scorpions in cúter parís of the World. 

R. EPIDEMIOLOGY OF SCORPION STINGS IN NIEXICO 

A. THE SCORPIONS: DISTRIBUTION AND CHARACTERISTICS: 

Worldwide, there are more than 1,000 scorpion species distributed in six families: 
Buthidae, Scorpionidae, Diplocentridae, Chactidae, Vejovidac and Bothriuridae.3  
Although alt scorpions are venomous, fess than 50 species (belonging to the Buthidae 
family), can bc considcred dangcrous to humans,3  

In Mexico, the only spccics of scorpions of medical importance are from the genus 
Centruroldes, which Wangs to the Buthidae family, There are at least 30 different spccics 
and subspccics from this genera dcscribed by Hoffmann. l,2 

The scorpions are arthropods that belong to the ciass Arachnida and lo the order 
Scorpionida. Thcy have two main body divisions: the prosoma or cephalothorax and the 
opisthosoma or abdomen. The abdomen is further subdivided finto an anterior mcsosoma 
(preabdomcn) and a posterior metasorna (postabdomen or *tad"). Both of these rcgions are 
segmented. The tail-like metasoma terminatcs in a bulbous segntcnt called the telson. This 
stnicture possesses a sharp, curved stingcr or amicus. A scorpion is cquippcd with a pair of 
pedipalps that look likeclaws; the smalt chelicerae betwecn the bases of the pedipalps; four 
pairs of legs, all on the prosoma; and a pair of pcctincs, which are ventrally locatcd, have 
comb-like structurc and are sensorial organs.3  For additional information on the 
morphology of scorpion, picase refer to Chapter of this series, 
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Centruroides scorpions bclong to a New World gcnus with ils center of distribution in 
Mcxico (Fig.1). nese scorpions are also found in the southcrn states of the United States, 
Central America, the West lndics and in severa] countries of South America. Specilically, 
the specics of medical importance occur in Western New Mcxico, Arizona, arcas along the 
basin of the Colorado rivcr in California, and in Mcxico, in the Pacific States from the 
North of Sonora clown lo the West-sidc of Oaxaca and in some rcgions of some Central 
Stales such as Durango, Aguascalientes, Zacatecas, Guanajuato and Morelos.4  In Fig.2 
illustrates representatives spccies of Mcxican scorpions. 

Scicntific mine: Centruroides 
Spccics (Statcs in Mexico, or U.S.A.) 

Centruroides beriholdi (Jalisco) 
•Gentruroides elegans (Nayarit, Jalisco, Michoacán, Colima, Guerrero) 
Centruroides exilicauda (Sonora, Baja California Norte, California in USA) 
Centruroides flavapiclus (Veracruz) 
Centruroides fulvipes (Guerrero) 
•Centruroides infamatus infamatus (Zacatecas, Aguascalientes, Guanajuato, 
Michoacan) 
•Ceniruroides limpidus limpidus (Colima, Guerrero, Morelos) 
•Centruroides limpidus tecomanus (Colima) 
Centruroides margaritatus (Oaxaca) 
Centruroides nigrescens (Oaxaca) 
Centruroides nigrovariatus (Oaxaca) 
•Ceniruroides nonius (Nayarit) 
•Centruroides pallidiceps (Sonora, Sinaloa, Arizona in USA) 
•Ccntruroides sculpturalus (Sonora; Arizona and Ncw Mcxico in USA) 
•Centruroides suffusus suffusus (Durango) 

Thc most dangcrous specics are highlighted with an asterisk (•). Sec also the map of 
gcographical distribution in Fig.l. In Mexico the dangcrous specics are distributed along 
the Pacific coast, comprising 16 States of the country, while in the U.S.A the dangcrous 
spccies occur mainly in Arizona and New Mcxico. Thc morphological charactcristics of 
Centuroides sp., including the most danderous specics, are Usted in Chaptcr 17, 

B. SCORPION STINGS IN hl EXICO 
Scorpionism is a public hcalth problcm in many statcs of Maxim Unfortunately, the 
epiderniological data are incornplete and the exact nurnber of accidcnts is unknown. 
Original estimates on the number of cases wcrc published by Mazzotti and Bravo-
Becherelle6  and reponed by Monroy-Velazco.7  Nutnbers as high as 100,000 cases of 
accidents per ycar were reponed for the years 60's and 70's, Lopez-Acuita & Alagon have 
compiled data (presentad in the tcchnical session of the Sociedad Mexicana de Salud 
Publica) in 1976 suggesting numbers clase to 200,000 per ycar, with 700 to 800 fat.alitics. 
Dchcsa-Davila8  and Possani ct al.9  confirrn estintatcs higher than 250,000 stings per ycar 
in Mexico. Tabla 1 summarises unpublishcd data from statistics cxfilected by the authors in 
the city of Lcon, Guanajuato. Also included are partial data from the statcs of Nayarit and 
Morelos. There have buil about 69,000 accidents in 9 years of observation. Thc city of 
Leon alone had approximately 7,540 stings per ycar (dala recorded only from the Red 
Cross Hospital and one of the Social Security Clinics of the city), during Chis period. Yei, 
the city of Lean is not the most important in Mexico in terms of scorpionism.8  Thc 
mortality rato is 0.01%. 
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VENOM COMPOSITION AND PlIARMACOLOGY 

A. STRUCTURE AND MODE OF ACTION OF SCORPION TOXINS 
In humans and experimental animals toxic polypcptidcs of scorpion venom are responsible 
for the symptoms of intoxication. There are two groups of similar peptides in the venoms of 
Centruroides: one is composed of long-chaira peptides that affect sodium channels, and the 
sccond consists of short-chaira peptides which block potassium channels of excitable 
mernbranes (mainly nervous and muscular tissues). Thc binding of these toxins to fue 
cation channcls (Na+  and K+) causes most of the toxicological symptoms of the venom. 
Thc binding is reversible„ but different toxins have diffcrcnt affinities.10.15  Recently, 
another class of peptides was described in the venom of the scorpion Buthotus hottentota, 
which affects the Ryanodinc•scnsitivc Ca2+-channel16, and similar peptides ware found in 
the venom of the genus ltadrurus from Mcxico.17  The literature of the Last Five ycars 
reflects the importance of the structure and function relationship of toxins from scorpions 
collected in many differcnt parís of the world.18-23  Fig. 3 is an example of the primary 
structure of toxins isolated from scorpions of the genus Centruroides, In this figure both 
classes of scorpion toxins are represented: long-chain (Na♦-channel blockers) and short• 
chain (K+-channel blockers). 

D. IIUMAN DATA 
lt is only possiblc to obtain a rough estimare conccrning the amounts of venom that result 
in envenomation in humans. This approximation is basad on the amount of venom 
extracted by electrical stimulation from the telson of anaesthctized scorpions. The average 
amount of venom that can be obtained from a single animal varias from 100 pg in small 
species (Le. Centruroides noxius) to 600 pg in the largo spccics (Le. Centruroides elegans). 
Thesc experimental values set the range of variation on the amount of venom toxic to 
humans. II is unlikely that a scorpion in a normal situation will inject more venom than is 
extracted under extreme stress (electrical stimulation). Scorpions usually injcct venom 
subcutaneously, from where it is distributed all over the body by the circulatory system. 
The human lethal dose is probably fess iban 100 to 600 pg of venom. This is the maximum 
amount of venosa that a single scorpion has in the glands (telson) at any one time. 
Ismail" demonstrated that the venom is distributed very rapidly luto the tissues by the 
intravenous mute ranging bctwecn 4 - 7 minutos and oyeran elimination half-lives of 4.2 to 
13.4 hr. 

C. ANIMAL DATA 
LD50 values determinad in experimental animals vary according to the specics and strain 
of animal usad. For example the LD50 cstimated for Centruroides limpidus limpidus 
venom in seven differcnt strains of mice averaged (intraperitoneal injection) at 2 mg/kg 
mouse with the extremes of variation being 0,61 mg/kg for the SSA strain and 3.31 mg/kg 
for the BALB/k strai n.25  The LD50 of Centruroides infamatus infamaras venom injected 
intraperitonealty finto mice was 1.27 mg,/kg, but was only 0.166 mg/kg in Wistar strain rats 
using the same route. Centruroides noxius sectas to be the most toxic venom, with an 
LD50 of 0.26 mg/Kg mouse intraperitoneally,26  Centruroides limpidus tecomanus has an 
LD50 of 0.65 mg/kg, while that of Centruroides scuipturatus is 1.12 mg/kg in mice 
injected intraperitoneally.27  

1. IN VITRO DATA 



CRC CIinicat Toxioology Of Munal Vsmoms; Chapa. DI-4; 	Todoolopy of &etílica Stings; Dchaaa•Dtvila 

Mgc 5 

Most of the data on the mcchanism of action of the toxins from the scorpion vcnoms werc 
obtaincd by in vitro experiments using excitable tissucs such as squid axons, several types 
of heart cclls, dorsal root ganglion cclls, synaptosomes from brain tissucs, and others. 
Whole-cell clamp and patch-clamp techniques, or single channeis incorporated roto 
artificial bilaycr membranas wcrc used lo identify the channels affccted by toxins puriticd 
from the venom of Centruroldes sompions.12,28-3 1 

2. ELIMINATION IW ROUTE OF EXPOS URE 
Elimination of venom occurs mainly through urinary excrction, although bile sccrction 
may play an important role.32  People stung by Centruroides scorpions may have clinical 
symptoms for as long as one weck, cspccially near or al the sito of the sting (unpublishcd 
observa( ions). 

IV. SYMPTOMS AND SIGNS 

A. GENERAL COMMENTS 
Centruroides scorpions have a tcndency lo hide aboye the ground, tlierefore they are 
frequently found widcr loose bark on tras, crevices in dcad trccs, logs and ‘valls or at thc 
base in dry !caves of palcos and cora plants. Thcy may also thrive in lumber piles, bricks, 
stoncs and other dcbris or in son cracks. Poorly built houses offcr scorpions many nichcs to 
live. Indeed, they are ollera associatcd with human habitations because they cntcr homcs 
and hide during daylight hours in places offering darkness and close contact (shoes, foldcd 
blankets, hcaped clothing, hanging picturcs, etc). Scorpions are almost exclusively 
nocturnal. Centruroides scorpions are not aggressive; accidcnts occur when they are 
inadvertently lauchad in their hiding places or when they are wandcring in search of food. 
In Mexico, there is an incréasc in the morbidity and mortality rato that in some places 
coincides with the rainy season and in others with the beginning of spring. The most 
dangcrous Centruroides spccics dislike damp places prcfcrring dry indoor locations.33  

All specics bclonging to the Centruroides genus or other genera, dangcrous or harmlcss are 
called "scorpions" in English spcaking countrics, and "escorpiones" or "alacranes" in 
Spanish spcaking countrics. 

RISK FACTO RS 
Envcnomation and prognosis wili dcpcnd un a number of factors, some of Chem attributablc 
to the arthropod and some to the victim. For the arthropod these are: (i) spccics (ii) 
condition of the telson at the momcnt of the sting (iii) number of stings and quantity of 
venom injected. For the victim; (i) age, weight and health of the victim (ii) concomitant 
disease (i.e. diabetes, hypertension, heart diceaw, etc.) and (iii) effectiveness of the 
treatment. From the onset of the first signs and symptoms of envenomation lo the 
development of severa envenoming may Lake a vcry short time; in most cases Chis 
progression can Lake only 5 to 30 minutos. Prognosis: scrious systemic complications such 
as heart failure, puintonary ocdema, convulsions and coma worsen the prognosis. 
Ftespiratory failum is usually the cause of dcath, bul other severo complications, likc 
cardiocirculatory shock may load to death.8'34  

B. ONSET, EVOLUTION AND CLINICAL PICTURE 
Local evidencc of the sting in the skin of the victim is oflea minimal or abscnt. Patients 
report intense pain or a burning sensation with intense pruritus and hyperesthcsia. Some 
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redness and inllammation with local ocdema can be observa! at the sting sito. 'The pain 
occurs ingantancously afta the sting and can last for sevcral clays; paresthesia can be 
prescnt for scveral wccks and is usually the last symptom to disappcar. 

a) Local symptoms and signs. 
Immediately atter the sting there is burning pain, which is followcd by pruritus and 
hyperacsthesia. Mild inflammation sometimes occurs. 

b) General syrnptoms and sign. 
General symploms are not always observed and do not have an apparent sequence. Thcy 
include some or all of the foliowing: hyperexcitability, restlessness, hyperthennia, 
tachypnoca, dyspnoca, tachycardia or bradycardia, profuso swcating, nausea, vomiting, 
gastric hyperdistention, diarrhoca, lachryntation, nystagmus, mydriasis, photophobia, 
excessive salivation, nasal sccrction, dysphagia with a sensation of hair in the throat, 
dysphonia, cough, bronchorrhea, pulmonary oedema, arterial hypertension or hypotensive 
heart failure, circulatory shock, convulsions, ataxia, fasciculations and coma. 

In cvaluating envenomation il is important lo consider that it is more serious in children 
and people of advanced age or with debilitating diseases.35•38  

C. SPEC1FIC TOXIN EFFECTS AND COMPLICATIONS 
Lachrymation, mydriasis, photophobia, nystaginus, nasal secrction, a characteristic 
sensation of hair in the throat with dysphonia, cough and dysphagia are some of the most 
consistent symptonts observed following enmantaban. 

1. CARDIOVASCULAR 
There is amplc experimental and clinical cvidcncc that venoms from diífcrcnt scorpion 
species release catecholamines from the sympathetic nervous system and stimutate the 
cardiac adrenergic cndings. 39-45  
Usually, there is an initial period of hypertension that can be followed by hypotension. 
Likewise, tachycardia predominates although bradycardia may also be observed. These 
contradictory effects may depcnd on the system preferentially affcctcd by the toxins, either 
cholincrgic or adrencrgic. 46,47  

The evolution of these phenomena plus the direct action on the conducting system of the 
heart can load to cardiac arrhythmia and heart failure and sccondarily may cause 
pulmonary oedema. 

Gonzalez-Romero48  treated 722 patients stung by Centruroides suffusus: 38% had 
electrocardiographic abnorrnalities, from which 12.8% corresponded to bundle branch 
block, 10.2% first-degree atrioventricular block and 15% alterations in the ventricular 
repolarization (in the majority of cases reversible), and the remairting 62% of patients liad 
othcr abnormalilics. 

The profuso Loss of Iluids (swcating, vomiting, diarrhoea) may also contribute lo 
circulatory collapsc. Confinaras electrocardlogram (ECG) morloring will permit the carly 
diagnosis and treatment of cardiac arrhythmia and comeneement of ventilatory support 
through oxygen therapy or positive pressure respiration. 

2. RESPIRATOR Y 
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Tachypnoca is &len presea Dyspnoca is a common finding in severo cases. Rcspiratory 
failure, the usual cause of dcath, reflects paralysis of the respiratory muscles, particularly 
the diapliragm, duc to a rellex stimulation of vagal afferent fibcrs. Broncltial 
hypersccrction and pulmonary ocdema may also bc contribuling factors.34,47.49'54  
Catecholamines in very larga doses my cause bricf periods of apnea. Titus, it scems that 
the pathogenesis of rcspiraiory failure is multifactoria1.5° Reseiratory arrcst has becn 
occasionally observa following Centruroides sculpturatus sting.J8  Mos( of the availablc 
pathological data are based on experimental envenomation. Thcsc studies emphasizcd the 
presence of different dcgrees of pulmonary °edema with diffuse parenchymal 
hemorrhages.5° 

3. NEUROLOCIC 
Central ncrvous system: 
There is currently no experimental evidence that scorpion ncurotoxins can cross the 
blood-brain barrier. However, some effects may indicate a direct action on the central 
ncrvous system, such as the hyper-excitability and the restlessness, very caen obscrved 
oven in mild cases." The high Icvcls of catecholamines released by the vcnom may also 
providc some cxplanation for these symptoms. Coma can be present in scvcrc 
envenomation, mostly in children. 

Peripheral nervous system 
The peripheral ncrvous system is the main targct of scorpion ncurotoxins. Most of the time, 
their clinical effects rellect the action of neurotransmitters, like acetylcholine and 
catecholamines that are released by die action of the toxins.51 -52  

Autonomic ncrvous system: 
The autonomic nervous system includes parasympathetic and sympathctic pathways. Both 
are stimulated by scorpion venom. The mon common parasympathetie manifestations are: 
salivation, lachryrnation, gastric hyperdistention, diarrhoca, bradycardia and hypotension. 
The main sympathetic cffects are mydriasis, tachypnea, tachycardia and hypertension. In 
the coursc of the envenomation onc effect can be predominant, but mixed effccts are also 
obscrvcd. This is the reason for finding variable symptomatology as discusscd by Freire- 
maia.46 

Skcictal and smooth muscle 
Spasms, muscle contraction and twitchcs are duc to stimulation of skcletal muscle by the 
venom,53 Thcsc effects reflect the action of the toxins at a presynaptic leve1.54  The mosi 
notorious effects on smooth muscle are abdominal pain and diarrhoca. The contraction and 
or relaxation of smooth muscle of the intestina induced by the venom are duc lo the release 
of chemical mediators, such as acetylcholine and catecholamines; but othcr mediators such 
as substance P could also be released.46  

4. GASTROINTESTINAL 
Excessive salivation, nausea and vomiting are characteristic features of scorpion 
cnvenomation. Also, an incrcasc in motility of the intestino with diarrhoea is common. 
Gastric hyperdistention is frequently observad. Thcse effccts are basically explained by the 
peripheral action of the toxins on cholinergic nerve ftbers (vagus nerve) which would act 
through mu.scarinic and 112 receptors.55-55  Experimental data show a dramatic mercase in 
volume, acid and pepsin output of gastric juice and a significant dccrcasc in its pH. From a 
clinical point of vicw it is neccssary to be very cautious with paticnls that suffer pcptic 
uicers. Acule pancreatitis was reponed in humans stung by the scorpion Titpts trinitatis 
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and by Lelurus quInquestriatus.59 2  U was suggcstcd that this could bc explained in pan 
by thc release of acetylcholine from pancrcatic ncrvc endings.63  Flctchcr el al.64  proposcd 
a mechanism that involves ion channels (Na+, Cal** and K...") in the case of Tityus 
serndatus venom. 

5. MISCELLANEOUS 
Skin contact: No cffect on intact skin. 
Hcpatic: The liberated chemical mediators such as catecholamines may provoke increase of 
livcr glycogcnolysis, with a consequeni Ityperglycctnic cffect in blood.J2,65  
Urinary traer: In scverc envertomation urinary incontincncc may be observcd or urinary 
retention.35  
Kidng: TiOnis semdatus decrcascd renal plasma flow, urinc and sodium excretion in 
dogs.°6  These effects could bc due to the release of catecholantines from renal ncrve 
cndings. 
Endocrinc and rcproductive system: No known cffccts. 
Hematologic: Longnecker reponed that thc venom of Cscuipturatus caused a sustained 
platelet aggrcgation in dogs.67  Onc possiblc explanation is that the release of 
catecholamincs induce platelet aggrcgation and this contribules to a defibrination 
syndrome. However, the venom of C. limpidus limpidus does not sccm to affect platelct 
aggrcgation in burilan blood (authors unpublished observations). 
Immunologic: In very rare cases of repetitivo exposure, allergic reactions have been 
reponed (authors unpublishcd observations) .68  
Mctabolic: A hyperglyceinic ctTcct has beca documentcd in Centruroides envcnomation. 
The release of catecholamines is cxpcctcd to incrcasc bcpatic glycogcnolysis (as mentioned 
aboye) and at the same time inhibit insutin release.69,7° 
Acid base disturbances: Blood acidosis associated with hypercapnia occurs in patients with 
scvcrc respiratory failure, or shock.5° 
Huid and electrolyta disturbanccs: Dchydration duc to vomiting, profuso swcating and 
diarrhea must be carefully monitored. 
Pregnancy: A case of a pregnant woman itirst trimester) who aborted was reponed 
following a sting of Lelurus quinquestriatus. 11  There is no information on Centruroides 
spccies in this respect, nor is there any information. on possible rodal damage. Howcver, 
the toxins can potentiate the action of agonists such as acetytcholine, serotonin and 
bradykinin enhancing the autorhythmic activity of the uterus.51  

V. PROPHYLAXIS 

A. CIRCUMSTANCES OF STINGS AND IIEALTH EDUCATION 
In arcas endemic for dangerous scorpions it is suggested that shocs and clothes be shaken 
out before dressing. Since scorpions are nocturna! animals, before going to sicep it is 
recotnmended to look between covcrs, around the herí, walls and ccilings. There are some 
architectural featurcs of housing that are recommendcd in order to avoid the cntrancc of 
scorpions finto houscs. The scorpions can not climb smooth and well-polishcd surfaces. 
Mazzotti6  recommends the use of screens on windows and a row of glazed tilos around the 
outside watts of the house (including stairs) in arder to protect against scorpion invasion. 
The children's bcd can be protected by a gauge.cloth envctope. 

Accidcnts occur with both dangerous and non.dangcrous scorpions, either in rural or in 
urban arcas. Many accidents Lake place in houses, buildings or schools. Some species of 
Centruroides invade human dwellings, wherc thcy can get Info shocs, clothing or insidc 
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furniturc. Thcy crawl on watts and ccilings, from where thcy can fati and ging people. 
Frequently peopte are stung whiie picking up domcstic objccts containing the hiddcn 
sr-orpions.33  

In cndcmic arcas, particularly in the darle, it is recommended not lo ((Inch unscen objects, 
but use artificial light. 

Additionally, it should be notcd that most venomous spccics of Centruroides are resistant 
lo conunonly used honre-insecticides.72  

B. PERSPECTIVES ON PRODUCTION OF A VACCINE 
In the pass, some attempts have been mide to prepare a possible immunogen for 
vaccination of experimental animals.73  A toxic fraction of the venom from Centrur9ides 
noxius was detoxilied with glutaraldehyde and was shown lo produce ncutralizing 
antibodies in rabbits. Purificd antibodies prolected mico against the Iethal caet of the toxic 
fraction (number 11 from Sephadex G-50 gel filtration).73  Detoxification of scorpion toxins 
by acetylation was also reponed for pare toxins of Androctonus australis and Buihus 
occitanus tunetanus by !Mari et a1,74  These authors cortclude that the use of fraction II 
from Sephadex G-50 is the most suitable substrato for obtaining a potent acetylated 
anatoxin that is capablc of producing ncutralizing antibodies against scvcral vcnoms of 
African scorpions. A more recent review on this subject is also available.75  Hencine et 
W.76  showcd that iodination of fraction T2 from the venom of Tityirs serrulatus abolishes 
lis tedial capacity, without changing its immunological propendes. 

More recently, several synthetic pcptidcs were prepared with amino acid sequences 
correspanding lo the primary structurc of wholc toxins and/0r segments of the primary 
struc1ure of toxins of the scorpion Contruroides norius for ilT1111111117411i0II purposes. 17  Some 
peptides are immunogenic and produce neutralizing antibodies against the native tosin, 
when injected in passivc immunization protocols. Unfortunatcly, other peptides cause 
hypersensitivity of preimmunized animais, when challenged directly with native toxin, 
These experimento are in progreso. and it is difficult lo t'ores«, at this moment, the 
possibility of a vaccine against scorpion venom.78  

Sevcral questions should be addresscd before a real vaccinc can be obtaincd and appticd in 
humans. The first question, only partially answcrcd by the publications mentioned 
alme,78  is the sciection of an adequate anligen, i.e. homogencous, non-toxic, which can 
be obtained in sufficient amounts with an acoeptable grade of qu'Uy for human use. The 
second question is the routc of administration and the adjuvant neded, if any. The next 
important queden is lo determine the levels of neutralizing-circulating antibodies and the 
duration of such leveis afler immunization. A scorpion sting is an acule cvcnt. The 
envenomed organism necds a prompt and efficicnt response. Further problcms could bc 
presented by the necd to prepare diffcrcnt antigcns, according to different geographical 
arcas of the world, en differcnt species of scorpions living in the same arca. Finally, an 
outbred strain, like humans, are bound lo prcsent a Wide varicty of diffcrent responses to 
the same antigens. 

Newer approaches, using cloned toxin-genes 79'82  and recombinant DNA techniques 
might primera an alternativo stratcgy for studying the problem of vaccine preparation 
against scorpion stings. While these questions are awaiting answers the prospective 
development of a vaccine is no more Iban a dream, and scrotherapy continuos to be the 
only choice for treatment of scorpionism. 
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VI. FIRST A1D TREATMENT 

PR[NCIPLES AND RECOMMENDAT1ONS 
Soarpion accidents constitute a significant problcm, mainly in children undcr live ycars 
old, and cldcrly and cmaciatcd or malnourished adults. If not adequately [reata!, orlen 
lechal consequericcs, can rema 
Unfortunately, there is no simple way for a medical doctor and the public to distinguish 
betwcen a dangerous and a harnilcss specics. Severa' different spccics can live in the same 
location. 
The following stops can bc usecl in cases of scorpion sting: 
• Immobilize the paticnt and the affected pan; 
• Avoid incisions; 
• A constriction bandage could be placed clase to the site of sting, but the application of 

tourniquets should be avoided; 
• The use of local suction is recommendcd by some, but remain controversial. It is a 

tcchnique widcly accepted in Mcxico, whcrc it appears effective, bascd on anecdotal 
cvidence. Suction is applicd at the site of the sting (oral suction is vcry cffcctive if 
immediately applicd, and providing there is no damagc to the oral mucosa; the venom 
must be spar out immediately); 

• Apply cold packs or immcrse the stung arca in ice water for the first two hours 
(intcrmittently) to help slow absorption; 

• Oblain medical attention or transpon to hospital; 
• If the offending scorpion has bar' killed, take it with the victirn lo hospital for 

identification. 

The victim must be kcpt calm and warrn, and given reassurance. Immobilize the affccted 
pan in a functionai position. Watch for any untoward reaction, and transpon the victim to 
the nearest medica! facility as quickly as possible. On admission, local antisepsis must be 
performcd: give analgesics if pain is severo. Kccp the paticnt under obscrvation for at least 
4 hours. Tetanus prophylaxis is rccommcndcd although not mandatory. 

Avoid incisions. The local extraction of venom by suction with the mouth through the 
orifico malle by the stingcr is den rccommended, but its ellicacy is not provcd. As !Ude as 
one microgram of puncd loxin is potent enough lo cause local anaesthesia in humans 
with impairment of movements (unpublished personal experience). A few tcnths of 
micrograms of purified material are probably What to humans. 

VII. CLINICAL MANAGEMENT 

A. DIAGNOSIS 
A patient dcscribing a well documcntcd history of scorpion sting presents no problcm in 
diagnosis. Howcver, the possibility that the victim could have bcing stung by a non 
dangcrous scorpion should be taken finto consideration. Thus clinical obscrvations are of 
utmost importance in confirming envenoming. With children undcr the age of four years 
old it is common to hcar them crying loudly, and it is also vcry common to miss the 
offcnding scorpion. In Chis case if there is sneczing and nasal pruritus one can suspcct a 
scorpion sting and consequent envcnomation, 
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B. TREATMENT 
I, ANTIVENOM PRODUCTION 
A recent rcvicw by Thcakston and WarrcU83, compiled addrcsses and narres of most 
Institutions around the world that produce scorpion antivenoms, which has buen updated 
for Chis chaptcr (see alzo 	Chapter 17). The following countries are reponed lo be 
currcntly producing antivcnom against worpions: Algeria, Brazil, England, Germany, 
India, han, Mexico, Morocco, South Africa, Tunisia, Turkcy, U.S.A and Venezuela.83  

In Mexico, Centruroides polyvalent antivcnom is produced in horses by injecting with a 
mimure of venom from the most important species (C. noxius, C. 1, limpidus, C. 1. 
tecomanus, and C. suffusus suffusus). It is cnzyrnatically digcstcd and lyophilized. Thc 
antivcnom cross-reacts with other Cenrruroldes spp. venoms, and protects against all 
venomous spccies in Mexico. There are two produccrs of antivcnom against Centruroldes 
species: 

1.- Gerencia General de Biologicos y Reactívos. Hcalth Ministry. M, Escobedo 20, C.P. 
11400 Mexico D.F., Mexico. Suero Antialacran • ampoule with lyophilizcd 
immunoglobulins. One ampoule ncutralizes 150 LD50  in mice tested intraperitoneally. 

2.- Laboratorios B1OCLON (before MYN, Zapata, and Grupo Phanna). Calzada de 
Tlalpan 4687, C.P. 14050. Mcxico D.F., Mcxico. Suero Antialacran (Alacramyn)' - 
ampoulc with lyophilizcd immunoglobulins. One ampoule neutralizas 150 LDso in mice 
testcd intraperitoncally. *Registered Trademark of Bioclon, Mexico, 

A third producer of antivcnom is locatcd in the USA. The antivcnom from Arizona is 
preparad in goats following immunization with vcnom of C. sculpturatus.84  The 
lyophilized product is distributed free throughout the state of Arizona. The mailing address 
is: Antivenom Production Laboratory, Arizona State University, Tempe, Arizona 85281, 
USA, 

Other producers ofantivenonfor scorpion stings in Latín America, are: 
Instituto Ezequiel Dias, Befo Horizonte • Minas Gerals, Brazil 

Centro de Biotecnologia, Facultad de Farmacia Universidad Central, Caracas, Venezuela 
The Centro de Biotecnologia in Venezuela prepares an antivcnom against Tityus 
discrepan (personal communication Dr. icanette Scannone). 

2. ANTIVENOM TIIERAPY 
In Mexico specific treatment consists of the administration of Centruroides polyvalent 
antiserum. Its application Will depend on the presence of two or more general symptoms 
Usted previou.sly (scction IV.B). 
Thc quantity of antivcnom to be uscd is determined by the clinical symptoms and their 
evolution over time. Thc lyophilized immunoglobulins contained in the ampoulcs are 
dissolved in 5 ml of water for injoction. There is always uncertainty in the progression of 
the envenomation and it is almost impossible to predict the evolution of the 
symptomatology. Thus, in earlier stages of envenomation, orle or two vials are cnough to 
control the symptoms. Howcver, when the patient comes to the hospital in tater stages of 
envenomation it might be noce.ssary to use up to four vials of antivcnom. This is valid for 
both children and adults. In Mexico it is considerad advisable to administer an 
antihistamine (Le, chlorpheniraminc) togcther with antivcnom. Faster ncutralizing effects 
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are obtained if the intravcnous paute of injection is uscd. Intramuscular injection of the 
antivcnom is also effective. The use of the antivcnom is not recommendcd in the abscncc of 
sys(emic symptoms of envenomation. 

Currently there are no uniform entena for treatment of scorpion sting envenomation. 
Sevcral rcports are available in the literature.7-9,37,41.44,57,58.85,86 

in Mexico, from a total of 38,068 cases of envenomation by Centruroides scorpions, the 
application of antivcnom (mixed with an antihistantine) was reponed in 20,293 cases8. 
Skin tests, or other procedures, were not performed to determine possiblc 
hypersensitivities. Nano of the patients dcvelopcd immediate allergic reactions, No dcaths 
wcrc recordcd. Cases of late development of serum sickness, although possible, wcrc not 
documented, main!),  bccausc the patients did not rcturn to the hospital. The conclusion of 
Chis work is that there is no doubt that the administration of antivcnom is the most 
important therapeutic mcasurc in neutralizing the circulating venom. 

In Brazil, the group of Freire-Main et al.44  has reponed trcatment of 3,860 patients stung 
by non serrulatus with a vcry high rato of success due lo the prompt use of antivenom. 
The mortality rale was 0.28%. Ali dcaths were in children, principally bccausc of late 
admission to the hospital (3 or more Lours atter the accident). The serotherapy consisted of 
intravcnous injection of 20 - 40 Mi of antivcnom from Butantan Instituto, Sao Paulo, 
BraziI.57.58  

In Tunisia, specific antivenom is considered the main therapcutic measurc for severe cases 
of envenomation by the scorpions Androctonus australes and Androcionus aeneas,83  

In Israel, Gucron and Ovsyshcher41  reponed that antivcnom thcrapy is of great value in 
cases of severo envenomation by Leiurus quinquestriatus or by Buthotus judaicas when it is 
used in carly stagcs of envenomation. Similarly, Hcrshkovich el at86, used antivcnom in 
96% of 53 cases in which it was indicated. The offending scorpion was identified as 
Lelurus quinquestrialus. Allergic reactions occurred in 4 cases, two of which developed 
symptoms of anaphylaxis. Fortunately, nono of (hese cases were fatal. 

3. ROLE OF LABORATORY INVESTIGATIONS 
Detection of venom in biological fluids of the patient is very difficult, and is not a common 
practice. Radiolabeled antibodics or immunocnzymatic assays are being preparo:, by some 
laboratorios for such puzposes, and might find futuro application in toxicological analysis. 
In the 	stcps of evaluating envenomation, standard blood tests are of vcry little value, 
however in complicated cases arterial blood gas, scrum gluoose, red blood cclls and 
amylase leveis can be helpfitl for clinical treaunent, if known. 

4. EXAMPLES OF CLENICAL TREATMENT 
The clinical cases reporta! Itere were talan from the rccords of the Red Cross in Leon, 
Guanajuato, Mexico. 

Case 
Mate, 4 months of ag. The baby was in bis bed and suddenly bogan to cry. The mothcr 
pickcd him up and discovered a scorpion bchind his hcad. Ten minutes tater he was crying 
very loudly and liad cxcessive salivation, dyspnca, hyperexcitability, nystagmus, bronchial 
secretiorts, tachycardia, respiratory failurc, abdominal distension, metcorism, ataxic 
movements and profuse sweating. He was assessed medically 30 minutes atter the sting. 

1 
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The pulse tate was 170, respiration 34, whitc cclls 7.5x l09/1  with 5% cosinophils, glucosa 
142 (normal 60 - 100 mg/dl) (his last feral was 4 hours bcforc). Trcated with intravenous 
fluids and antivenom (only one vial) plus chlorphenimmine intravcnously, symptoms 
disappcarcd alter 3 hours. 

Case 2 
Female, 48 years. Paticnt stung twioe °a her hand. Within fivc minutas sha reit intensa 
pain, local hyperesthcsia, stanuner, photophobia, excessivc salivation and scnsation of hair 
in the ducal Al the hospital her arterial prcssure was 160/H0, pulse rata 102, respiration 
28, and there was ocular redness. Laboratory tests: Glucosa 212 mg/d1 (normal 60 - 100 
mg/dl) with glucosuria. Antivcnom was given by intravenous routc 30 minutas aliar the 
sting. Rccovcry complated within two hours. The patient was sant lo a diabelic clinic to 
investigate possible diabetes mellitus (laten analysis indicated that she was not diabctic). 

Case 3 
Female, 8 years. Patient stung in her hand 45 minutas earlier. On admission to the hospital 
she had intensa pain at the site of the sting, hyperacsthcsia, pruritus, nasal pruritus, nasal 
seaction, salivary secretion, sensation of hair in the duoat, cough, bronchorrhea, nausea 
and vomiting, abdominal pain, tachycardia and hypercxcitability. Treatcd with one vial of 
antivcnom intravcnously plus chlorpheniramina. Rccovcry was complete within 'bree 
hours. 
In all the aboye cases, the offending scorpion was positively identified as Centruroides 
infamatus infamatus. 

5. OTHER ISSUES IN TREATMENT 
Othcr medical mcasurcmcnts are: 
• Fluid and electrolyta monitoring (appropriatc administration of intravenous 

when required); 
• Support of cardiorespiratory functions by control of blood pressure, monitoring vital 

signs, resting in Fowler position; 
• Aspiration of nasopharyngeal secretions; 
• Correction of acid - base balance disturbances; 
• Tctanus prophylaxis; 
• Treatmen1 of pain with non-central nervous system depressing analgesias, such as 

acetaminophen. 
• Precautions, in order to avoid bronchial aspiration by the patieni when vomiting. 

Atropine, neostigminc and stcroids have bccn usad in the past for treatmcnt of scorpion 
envenomation, but they have not bccn proved lo be of important clinical value in 
Centruraides and Tios cases, Experimental data showed that atropine migltt potentiate 
the hypertensive effect and increase the severity of the pulmonary ocdema induccd by 
scorpion toxin in the rat.43  However, if there is severa bradycardia (secondary to sinus 
arrest or any kind of atrioventricular block), atropine should be given (0.05 - 0.1 mg/kg). 
Application of drugs such as baibituratcs or narcotics might Mercase central respiratory 
depression in scorpion envenomation. 
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TABLE 1: PARTIALSTATISTICAL DATA OF SCORPION STENGS IN MÉXICO 

YEAR GUANAJUATO• MORELOS NAYARIT MORTALITY 
1981 6649 n.c. n,c. O 
1982 8044 n.c. U. I 
1983 7342 n.c. 1759 17 
1984 7928 1564 1068 25 
1985 7289 2641 1063 8 
1986 7989 3042 1206 7 
1987 n.c. 3775 1510 1 
1988 n.c. 3661 1109 6 
1989 n.c. n.c. 1814 0 
TOTAL 45,241 14,683 9,529 65 
GLOBAL 69,453 
• Only Red Cross Hospital and one clinic of ÍMSS (Mexican Instituto of Social Security) in 
Leen, Guanajuato. n.c,.,  not compilcd. 

FIGURE CAPTIONS 

Fig. 1: Geographical Distribution of ittesican Scorpions Dangcrous to Humans 
The Mcxican Statcs are indicatcd by numbcrs, while the scorpion spccics by various 

graphic represcntations (scc Icgend).5  

Fig. 2: Representative Pbotos of Mesican Scorpions 
In A: adult female of the specics Centruroides limpidus limpidus; 8: adult remain of 
Centrwoldes noxius; C: adult Yejovis mexicanus, while D is a young Hadrurus 
concolorous. The two latter orles are non dangcrous to man. 

Fig. 3: Primary Structure of Scorplon Tozins 
nese amino acid sequences ►vera tallen from the indicated references (13-14), where the 
abbrevíations correspond to: Cr:, C. noxfus; Css, C. :1,ft:sus sujiusus; Clt, C. limpidus 
tecomanur, CsE, C. u-u/muro/un CII, C. limpidus limpidus, and NTX lo noxiustoxin. 

FA 
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Toxin 	Amino acid senticnce of Na+  channel blockcrs 13  

	

1 	10 	20 	30 	40 	50 	60 66 
Cn2 

KEGYLVDKNTGCKYECLKLGDNDYCLRECKQQGYKGAGGYCYAFACWCTHLYEQA1V 
WPLPNKRCS 
Css11 

KEGYLVSKSTGCK YECLKLGDNDYCLRECKQQYGKSSGGYCYAFACWCTHLYEQAVV 
PLPNKTCN 
Clt1 

KEGYLVNHSTGCKYECFKLGDNDYCLRECRQQYGKGAGGYCYAFGCWCTHLYEQAVV 
WPLPNKTCS 
Cn3 

KEGYLVELGTGCKYECFKLGDNDYCLRECKARYGKGAGGYCYAFGCWCTQLYEQAVV 
WPLKNKTCR 
CsE1 

KEGYLVKKSDGCKYDCFWLGKNEHNTCECKAKNQGGSYGYCYAFACWCEGLPESTFTY 
PLPNK-CS 
CsE2 

KEGYLVNKSTGCKYGCLKLGENEGNICCECKAKNQGGSYGYCYAFACWCEGLPEsTiny 
LPNK-CSS 
CsE3 

KEGYLVKKSDGCKYGCLKLGENEGCDTECKAKNQGGSYGYCYAFACWCEGLPESTPTY 
LPNKSC- 
CsEIKDGYLVEK- 
TGCKKTCYKLGENDFCNRECKW/CHIGGSYGYCYGFGCYCEGLPDSTQTWPLPNK-CT 
Cn 1 KDGYLVDA- 
KGCKKNCYKLGKNDYCNRECRMKHRGGSYGYCYGFGCYCEGLSDSTPTWPLTNKTC- 

	

Toxin 	Amino acid menee of K+  channel blockcrsi 4  

1 	10 	20 	30 	39 
Cn NTX TIINVKCTSPKQCSKPCKELYGSSAGAKCMNGKCKCYNN 
Cn 11-10.2 THWKCGSSKECXP... 
C11 11-10.11.4 TVINVKCTSPKQCLLPCKQI... 
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