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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
clagificado en dos grandes familias: una llamada de toxinas de cadena
larga y otra la conforman toxinas de cadena corta especificas para canales
de potasio (K*). Las toxinas de cadena larga se encuentran en una mayor
concentracion en el veneno y ejercen su efecto fisiologico sobre los
canales de sodio (Na') dependientes de voltaje.

Las toxinas que tienen efecto sobre mamiferos se han clasificado a
su vez en toxinas de tipo ¢ y [} dependiendo del mecanismo molecular de
accién sobre canales de Na'. En esta tesis se describe la purificacién y
caracterizacion bioquimica de una nueva toxina proveniente del veneno
del alacrin Ceantruroides infamatus infamatus Koch y otra del alacran
Centruroides limpidus limpidus Karsch. El propdsito de este estudio es
ahondar en el conocimiento de la relacion estructura-funcion de las
toxinas sobre canales ionicos de Na’. Se incluyen datos sobre el efecto del
veneno de Centruroides limpidus limpidus in vivo sobre pancreas de raton,
Del veneno del Centruroides infamatus infamatus se aislé el componente
1i.11.1 denominado toxina 1 y del Centruroides limpidus limpidus se aislé
el componente 11.9.3.4 denominado toxina 2. De ambas se obtuvn su
secuencia de aminoacidos mostrando que contienen 66 residuos y entre
ambas existe un 98% de homologia 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 121, 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 electrofisioldgico con ovocitos de rana en los cuales
se expresd el mensajero para el canal de Na* de misculo esquelético de
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rata {clona ;112) se puso en evidencia el efecto de ambas toxinas en este
tipo de canal idnico.

Concluimos que estos dos péptidos son toxinas de cadena larga que
afectan a mamiferos y su efecto molecular es sobre canales iénicos de Na'
clasificindolas como toxinas de tipo (3. El efecto sobre el pincreas mostré
cualitativamente alteraciones histopatolégicas con cambios minimos en la
secrecion exocrina.
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SUMMARY

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

This dissertation describes the purification and the biochemical
characterization of two toxins isolated from the venom of the scorpions
Centruroides infamatus infamatus Koch and Centruroides Ilimpidus
limpidus Karasch. The purpose of the study is to contribute to the
knowledge of the structure-function relationship of the toxins actives
upon Na' ionic channels. Results concerning the effect of the venom of
Ceatruroides 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 limpidus 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 primary structure. Both toxins were
tested in binding-displacement experiments using rat brain synaptosomal
membranes and radiolabeled toxin 2 from C. aoxius, another well
characterized Na' channel toxin. Toxin Cii 1 and Cll 2 displaced binding of
'25.Ccn toxin 2 with very similar affinities and kinetics. Using a frog
oocyte expression system with the Na“ channel clone jI2 from rat skeletal
muscle it was shown that both toxins affect ion permeability in this type
of channel.
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We conclude that the novel toxins described here are long-chain
peptides, specific for mammalian Na' channels, and modified the function
of these channels in a similar way as that described for toxins of the class
§ “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 comeo
primer autor.

El trabajo realizado se presenta de la siguiente manera:

1.- Articulo sometido como primer autor:
"DEHESA-DAVILA M., RAMIREZ A. N., ZAMUDIO Z. F., GURROLA G. B.,
LIEVANO A., DARZON A. Y POSSANI L. D. Structural and functional
comparison of toxins from the venom of the scorpions Centruroides
infamatus |
infamatus, Centruroides limpidus limpidus and Centruroides noxius',
sometido a la revista Comparative Biochemistry and Physiology.

Este articulo contiene los resuitados 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 alacrin
Centruroides infamatus infamatus y su efecto sobre los canalea de Na' en
células nerviosas. El otro articulo versa sobre el problema del alacranismo
en México abordando aspectos epidemiolégicos y centra su atencién en el
uso clinico del antisuero antialacrin, el cual muestra su utilidad y
eficiencia. Este articulo fue elaborado por invitacidén del Dr. Alan Harvey,
editor de la revista Toxicon al Dr. L. D. Possani (anexos 1 y 2).
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2.- DEHESA-DAVILA 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 modifies Na’' permeability on
chick
dorsal root ganglion cells. Toxicon 32:1487-1493,

3.- DEHESA-DAVILA M. Y POSSANI L. D. (1994) Scorpionism and
Serotherapy
in Mexico. Toxicon 32; 1015-1018.

Finalmente, se anexa otra publicacion como primer autor en donde
se desglosa la distribucion de las especies venenosas de alacranes en
nuestro pais, sus caracteristicas epidemiolégicas, cuadro clinico, primeros
auxilios y tratamiento médico (anexo 3).

4.- DEHESA-DAVILA M., ALAGON C. A. Y POSSANI L. D, (1994) Clinical
toxicology of scorpion stings. En: CRC Handbook of Human
Toxicology
Series, Editores Jurg Meier y Julian White (en prensa).

Ademis se presentan algunos resultados no publicados sobre la
secrecion exocrina de pincreas y el desarrollo de una pancreatitis aguda
en ratones, mostrada por la determinacion de amilasa sérica y estudios de
histopatologia con microscopia de luz. Estos experimentos se llevaron a
cabo durante una estancia en el laboratorio del Dr. Paul L. Fletcher Jr.,
Departamento de Microbiologia ¢ Inmunologia de East Carolina University,
Greenville, Carolina del Norte, USA. También, durante el desarrollo de esta
tesis se publicd un capitulo de libro titulado: Proteccion contra el
alacranismo en Vacunas, Ciencia y Salud, (editores Alejandro Escobar
Gutiérrez, José Luis Valdespino Gomez y Jaime Sepualveda Amor) editado
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por la Secretaria de Salud, Subsecretaria de Coordinaciéon y Desarrollo
(1992) de los autores Lourival D. Possani, Emma S.A. Calderén, Timoteo
Olamendi P., Manuel Dehesa-Divila y Georgina B. Gurrola, del cual no se
incluye copia.



1  INTRODUCCION
A) GENERALIDADES

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

Las especies toxicas de alacranes de importancia médica tienen una
amplia distribucion 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 téxicos
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 taxonémicos y biogeogrificos mias completos
sobre los alacranes mexicanos fueron realizados por Hoffmann en la
década de los aifios treintas (1932, 1935, 1939). Estos son ardicnidos que
pertenecen al orden Scorpionida, familia Buthidae, género Centruroides,
con la existencia de 32 especies y subespecies.

En el anexo 2 y 3 se detalla la distribucion geogrifica de los
alacranes mis venenosos y de importancia médica asi como el impacto
epidemiologico del alacranismo.
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B) RELACION ESTRUCTURA FUNCION DE NEUROTOXINAS

El estudio del veneno de alacran se inicio en respuesta al problema
meédico y de salud publica que representaba el envenenamiento producido
por la picadura de este animal, En nuestro pais fue el Dr. Maximino Ruiz
Castafieda quien, en el afio de 1933 durante una estancia en la
Universidad de Harvard, describié el método para inmunizar equinos y
obtener un antisuero que neutralizara los efectos del venmeno (Ruiz
Castainieda, 1933). Con ello sentd las bases de lo que hoy conocemos como
seroterapia y comiunmente es llamado suero 6 antisuero antialacran. En la
actualidad, el aspecto mis relevante de estos estudios es el uso de toxinas
purificadas para la investigacion de los mecanismos moleculares que
ejercen sobre membranas excitables y el aislamiento y caracterizacion de
diferentes canales ionicos (Catterall, 1979; Possani, 1982, Hille, 1992).

El veneno de alacrian de la familia Buthidae estid compuesto en su
mayoria por polipéptidos neurotoxicos y pequeiios péptidos, de funciéon
aun 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 basicos con peso molecular alrededor de 7,000
daltones y con actividad neurotoxica estin contenidos en la parte soluble
y consisten en su mayor parte de una mezcla de proteinas y péptidos de
pesos moleculares diferentes y en menor cantidad lipidos, nucleétidos,
sales inorgianicas y aminoicidos libres (Possani, 1983).

El grupo encabezado por el Dr. Possani ha tenido como programa de
investigacion el estudio del veneno de alacran, 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 al,
1981b:, Dent, M.A.R., 1982:, Possani et al, 1982:, Zamudio et al, 1992), 5
de C. limpidus tecomanus (Possani et al, 1980: Ramirez et al, 1988:
Martin et al,, 1988) una de C. elegans (Possani et al, 1978: Ramirez 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. limpidus
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limpidus (Ramirez et al., 1988, Ramirez et al.,, 1994) y una de C. infamatus
infamatus (Dehesa-Divila et al., 1994).

Las toxinas a mamiferos que afectan el canal de sodio (Na') ocupan
un primer lugar puesto que son las mas abundantes en el veneno del
género Centruroides. El tamaiio de la cadena polipeptidica es muy
semejante, entre 65 y 66 residuos de aminoacidos y la homologia en su
estructura primaria varia entre un 62 y 98% (ver anexo 1). Ademas,
existen ejemplos de semejanza en su plegamiento y estabilizacion de su
estructura terciaria como es el caso de la toxina variante 3 de C
sculpturatus (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 actiaan
sobre el canal de potasio (K'). Estas son toxinas de cadena polipeptidica
mas corta con 37 a 39 residuos de aminodcidos y se les ha denominado de
cadena corta. Este grupo lo encabeza la Noxiustoxina del C. noxius
(Possani et al, 1982). En el axon gigante de calamar su efecto disminuye
la permeabilidad del canal de K* en forma reversible e independiente del
voitaje. 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. /impidus limpidus,
C. elegans (Carbone et al., 1983). Recientemente, otras toxinas especificas
para canales de K' 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
polipeptidica tiene alrededor de 65 a 66 residuos de aminodcidos y las de
K' tiene entre 37 y 39 aminodcidos. Estas diferencias dan como resultado
una funcién diferente, si bien la estructura tridimensional de ambas
familias de toxinas presenta una regién de u-hélice y tres regiones de
limina plegada § muy semejantes.
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Las toxinas especificas para canal de Na’ tienen un puente disulfuro
de mas y presentan cuatro segmentos de lamina plegada [} 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 aminoacidos {Darbon et al, 1982) y la toxina corta 1-1 del
B. eupeus de 37 aminodacidos {Zhdanova et al., 1978).

C) CANALES IONICOS

Los canales idnicos son proteinas de las membranas celulares
compuestas por varias cadenas polipeptidicas, cuya funcién es controlar el
paso de iones a través de las células. Asi, determinan la polaridad
(diferencia de potencial de la membrana) y gran parte de la actividad
eléctrica de las células excitables como nervios, musculos y otros tejidos.
Ellos producen y transducen sedales eléctricas en las células vivas.
Recientemente con el advenimiento de nuevas técnicas de bioquimica,
farmacologia y biofisica de membrana, se ha podido estudiar mejor los
canales i6nicos y reconocer un interés creciente por ellos en otras células
que no son del tejido nervioso. Los espermatozoides, leucocitos y
glandulas endocrinas requieren de canales para funcionar. Una membrana
celular excitable inica puede tener de 5 a 10 tipos de canales y su genoma
probablemente codifique para mis de 50 (Hille, 1992),

Los canales ionicos son verdaderos poros macromoleculares en la
membrana celular y son los elementos excitables fundamentales en las
membranas de las células. En forma andloga, los canales iénicos son como
la sefial eléctrica al nervio, misculo y sinapsis o como las enzimas al
metabolismo.

La excitacion y la seiial eléctrica en el sistema nervioso involucra el
movimiento de iones a través de los canales iénicos. Los iones de Na*, K',
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Ca'* y CI' son los responsables de estas acciones. Cada canal puede
considerarse como una molécula excitable que responde en forma
especifica a cierto estimulo que puede ser un cambio de potencial de
membrana, un neurotransmisor o una deformacion mecanica (Hille, 1992).

En la naturaleza no sélo se encuentran neurotoxinas que bloguean
selectivamente los canales ionicos sino que también modifican su cinética
de apertura. De ellas tenemos ejemplos que incluyen toxinas peptidicas
provenientes del veneno de alacranes, en los tenticulos de los
celenterados de nematocistos, toxinas alcaloides secretadas por ranas
tropicales y otras sustancias insecticidas liposolubles de algunas plantas
(Lazdunski et al, 1986). Estas actian sobre el canal de Na* o el de K'
incrementando su probabilidad de apertura o dejindolo abierto. Causan
dolor y muerte promoviendo el disparo repetitivo o una despolarizacién
constante del mervio o misculo e inducen =arritmias cardiacas. Estas
toxinas son interesantes puesto que finalmente son marcadores
bioquimicos especificos y medios quimicos para activar los canales de Na®.
Un simple tratamiento quimico o ain una modificacién del contenido
ionico en el medio se puede utilizar para modificar su funcién. lones
divalentes afectan la dependencia al voltaje. Hay tres clases o tipos
mayores de modificaciones de apertura: (1) prevenciéon de la inactivacién
{2) promocion de la activacion en reposo y {3) cambio en la dependencia de
voltaje de todos los procesos de apertura. Mediante experimentos de
electrofisiologia se verificé que las toxinas tienen diferentes efectos y esto
ha permitido agruparlas en varias clases (Watt et al., 1984):

a) Toxinas de alacrin del Viejo Mundo: Estas disminuyen la inactivacién
del canal de Na' sin alterar su activaciéon. Su efecto es dependiente de
voltaje y es disminuido por la despolarizacion de la membrana. Las toxinas
de este tipo son llamadas toxinas o«. Ejemplos de estas toxinas se

encuentran en el veneno de los alacranes:
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- Leiurus quinquestriatus (Norte de Africa)
- Buthus eupeus; Buthus tamalus (Asia)
- Androctonus australis (Norte de Africa)

b) Toxinas de alacrin del Nuevo Mundo: Ocasionan una despolarizacién
transitoria del canal de Na' induciendo un corto circuito en la
dependencia de voltaje en el mecanismo de¢ la activacion. Este tipo de
toxinas sonr denominadas toxinas [}. Ejemplos de estas toxinas se

encuentran en los venenos de:

- Centruroides sculpturatus; Centruroides suffusus
- Tityus serrulatus

c) La toxina gamma (y) modifica tanto la activacion como la inactivaciéon
del canal de Na’ y tiene la constante de afinidad mds baja reportada hasta
ahora (Jonas et al., 1986).

- Tityus serrulatus (TiTx y gamma).

Entre las toxinas de alacranes que actian sobre el sistema
neuromuscular de vertebrados estin las que modifican a canales de sodio
sensible a voltaje. Estos canales son responsables de la fase ripida de
despolarizacién del potencial de accion en nervio, misculo y células
cardiacas. La apertura y cierre de éstos es controlado por activacion e
inactivacion, dos procesos distintos dependiendo del potencial de
membrana y del tiempo.

Una variedad de neurotoxinas ha mostrado modificar en forma
especifica ¢l funcionamiento normal del canal de Na* permitiendo conocer
su estructura y funcién las cuales pueden actuar en cuatro sitios
receptores diferentes. La asignacion de las toxinas a los sitios de acciéon en
forma separada se ha basado por interacciones sinergisticas vy
competitivas como se analiza en estudios de pegado (Catterall et 2/, 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 ligandos (Couraud et al, 1982).

En el sitio 1 las toxinas se pegan a un receptor comin el cual se
piensa esti localizado cerca de la apertura extracelular del canal. El sitio 2
probablemente esté ubicado en una region del canal que involucra una
activacion e inactivacion dependiente del voltaje. El sitio 3 estd localizado
en la parte del canal que acopla la activacién e inactivacion. El sitio 4 fija
a las llamadas toxinas [ de los alacranes del género Centruroides las cuales

modifican la activacion en vez de la inactivacién.

CUADRO 1
SITIOS RECEPTORES DE NEUROTOXINAS EN EL CANAL DE SODIO
SITI0O NEUROTOXINA EFECTO FISIOLOGICO

1 Tetrodotoxina Inhibe el transporte iénico

Saxitoxina
Geografutoxina

2 Veratridina Activacion persistente
Batracotoxina
Grayanotoxina
Acontina

3 Toxinas o de alacranes del

Norte de Africa Inactivaci6én lenta
" Toxinas de anémona de mar

9 Toxinas [} de alacranes
Americanos Realza la activacién
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D) EFECTO SOBRE PANCREAS

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

Bartholomew (1970) fue de los primeros en llamar la atencion sobre
el efecto del envenenamiento por Tityus trinitatis en pancreas. Este
alacrin ocasiona como parte del cuadro clinico una hiperamilasemia, dolor
abdominal y pancreatitis aguda, la cual puede evolucionar en forma rapida
a una pancreatitis necro-hemorragica . Se habian propuesto basicamente
dos teorias para explicar el mecanismo de accion. Una contempla que el
efecto del veneno es a través de una hiperestimulacion por medio de la
acetilcolina como neurotransmisor a nivel de las terminaciones nerviosas
del tabique interlobular en el pincreas (Singh et al, 1978) y la otra postula
que el veneno afecta el esfinter de Oddi contrayéndolo y asi obstruir la
salida de la secrecion pancredtica. Al aumentar la presiéon intraductal y
haber reflujo de la secrecién, esta es la que ocasiona la inflamacién del
pancreas traduciéndose en pancreatitis (Bartholomew et al, 1977).
Dependiendo de la agresion puede ser una forma edematosa o evolucionar
a una forma necro hemorréigica.

Possani et al., (1991) y Fletcher et al, (1992) corroboraron que tanto
el veneno total como las toxinas II1-8, 111-10 y IV-5 del Tityus serrulatus
actiian como secretagogos en lobulos pancreaticos.

La toxina y de Tityus serrulatus es un bloqueador del canal de Na'
dependiente de voltaje en el axén gigante de calamar (Jonas et al.,, 1986) y
en canales de Na’ de corazon (Yatani et al, 1988, Kirsh et al,, 1989). Por
otro lado los dos tipos de canales descritos en las células acinares de
pincreas han sido el canal de Ca?' el cual es activado en forma no
selectiva por cationes monovalentes (permeable al K*) y el canal de Ca?'
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activado en forma selectiva por K'. Los canales de Na' 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 actien a nivel de la membrana celular, sin embargo que actien 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 secrecion exdcrina 6 endocrina en pancreas (Fletcher et al,, 1992).
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I PRESENTACION DE LA TESIS

El trabajo que presentamos esta ubicado dentro del contexto de
estudio sobre la relacién estructura-funcién de las toxinas del veneno de
alacranes mexicanos que afectan y son especificas para ¢l canal de Na’,
Describimos en forma breve su marco tedrico y sus antecedentes. Los
resultados se muestran en forma de articulo cientifico los cuales ya han
sido aceptados, salvo el primero que estd sometido a revisién.

Dados los antecedentes expuestos sobre el efecto fisiopatoldgico y
considerando los trabajos efectuados por el grupo del Dr. Fletcher con el
veneno y las toxinas del alacrin Tityus serrulatus y Tityus trinitatis
(Possani et al, 1991, Fletcher et al, 1992, Fletcher et al, 1994) en
pincreas, nuestro proyecto de tesis se centré en la purificacién y
caracterizacién bioquimica y electrofisiolégica de las toxinas mayoritarias
de los alacranes Centruroides infamatus infamatus y Centruroides
limpidus limpidus, las cuales son el objeto del presente trabajo. Sin
embargo, presentamos algunos datos de secrecidn y microscopia de luz
utilizando veneno de Centruroides limpidus limpidus, puesto que hacian
parte de los objetivos presentados al inicio del proyecto de tesis doctoral.



STRUCTURAL AND FUNCTIONAL COMPARISON OF TOXINS FROM
THE VENOM OF THE SCORPIONS Centruroides infamatus
infamatus, Centruroides limpidus limpidus AND Centruroides
noxius.
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ABSTRACT

1. Two novel toxins containing 66 amino aclid residues 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 all B-scorpion toxins.

4. Toxin action was assayed into the uI-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 IC,, values in the micromolar
concentration range.

Key words: amino acid sequence, Centruroides infamatus,
Centruroides limpidus, Centruroides noxius, Na' channel,
scorpion toxins, oocyte expression.
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INTRODUCTION

In Mexico the only scorpions that represent a life hazard to
humans belong to the genus Centruroides, family Buthidae (review
by Dehesa-Davila and Possani, 1994a). Among the most important
species are Centruroides limpidus limpidus Koch (Cll) from the
states of Morelos and Guerrero, and Centruroides infamatus
infamatus Hoffmann (Cii) from the state of Guanajuato. These two
species are responsible for severe human envenomation (Dehesa~
Davila, 1989, Alagon et al., 1988, Ramirez et al., 1994). For
example, C. infamatus causes at least 10,000 cases of
envenomation per year in the city of lLeon, Guanajuato, (Dehesa-
Davila, 1989, Dehesa-Davila 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 less
important, because C, noxius does not cohabit with humans.
C.l.limpidus and ¢.i.infamatus very often are inside of houses
and gardens increasing the probability of human accidents
(Dehesa~-Davila 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.1.limpidus
venom was made by Tato et al (1378), followed by Alagon et al
(1988) which reported the isolation and functional
characterization of two toxins from this venom, one of which has
been fully sequenced (Ramirez et al, 1994). Three novel toxins
from C.l1.limpidus were recently reported (Martin et al., 1994;
Lebreton et al., 1994). However, the venom of C.i.infamatus is
much less studied (Dehesa-Davila, 1990, and Dehesa-Davila et al.,
1994Db).

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

Both toxins displace with high affinity the Cn toxin-2 bound to
rat brain synaptosomes, suggesting that the two of them belong to
the A-class family of Na channel~specific scorpion toxins
(Valdivia et al., 1994), Additionally, both decrease the peak Na’'
currents carried out by the uI-2 rat skeletal muscle channel
expressed in Xenopus laevis cocytes, without affecting the
channel inactivation.
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MATERIALS AND MRIHRODS
fource of venom

¢.i. infamatus scorpions were collected by us in the city of Leon
(Guanajuato state), while C¢.1. 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
centrifuged 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.

Materials

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 2amudio 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 guartz was used
all through the purification and characterization steps.

Lethality test

Tha mouse lethality of various protein fractions was observed
after intraperitoneal injection of different amounts of protein
(usually from 10 to 40 ug) in 0.2 ~ 0.4 ml saline or buffer
solutions, into adult mice (strain CD1), weighing from 20-25 g
each. To define the toxicity of various chromatographic
components, three designations were used: "Lethal" means that the
component at the dose injected was enough to kill the tested
mouse; "“Toxic" means that the mouse showed any of the following
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 0.9%
NaCl or buffer solutions.

Purification 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
tubes 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 II.9 from Cll) was subsequently

4
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60 min at room temperature. The reactian was stapperd hy addition
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.

uI-2 Na' channel functional expression

Qocyte positive frogs were obtained from Nasco Blologlcals, Inc.
(Fort Atkinson, WI), and maintained at 20 - 25 °c. They were fed
three times a week with frog bristles (Nasco) 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 KCl, 1.8 CaCl and 1 Cl,Mg),
supplemented with 50 ug gentamycin/ml at 19 C until use.

The, rat skeletal muscle Na' channel clone uI-2 (Trimmer et al,
1989; kindly provided by Dr. Gail Mandel) was linearized with the
restriction enzyme Not-I. The transcription was carried out at 37°C
with the T7 RNA polymerase (Riboprobe kit; Promegq, Madison, WI),
in the presence of 500 uM of the capping analog nG(5')ppp(5')G ,
according to the supplier's suggested protoceol. Stage V and VI
ococytes (Dumont, 1972) were selected and injected with 50 nl of uI-
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 KcCl 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 pole 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 analyzed off-line. The recording
chamber had a 250 ul 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 nmin
later. ICy,'s were calculated according to:

ICs= [T] (1-Fg)/F,

where ([T] corresponds to the toxin concentration, and F, is the
fraction of the peak current blocked at -10 mV test potent1a1 We
used this test potential to survey scorpion toxin effects because
it is near the peak of the I-V relationship. In all cases the
holding potential (E, ) was -70mV, and toxin concentration was
either 0.5 or 1 uM.
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purified by a couple of addjtional steps. either 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.

Chemical characterigation of the toxins

Amino acid analysis of samples were conducted in a Beckman 6300E
analizer, after acid hydrolysis in 6 N HCl, for 24 hr at 110 °C
in tubes sealed under vaccum. The amino acid segquence 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 ug 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,

Ensymatic 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 al., (1979). C. noxius toxin 2 was iodinated wigh 1251
by the lactoperoxidase method (Morrison and Bayse, 1970). By
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 KC1l, 1.5
CaCl, 0.8 MgCl,, 20 Tris-HCl, pH 7.4 and 0.1% bovine serum
albumin. The binding reaction was initiatedwpy 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 mV were applied at 0,1 Hz rate from a E, of -
70mv. The inactivation rates were determined both by measuring the
time at which the peak current (I, ,) had decayed to 1l/e, or by
taking the larger time constant (E’ ) obtained from fitting the
inactivation with one or two exponentlals terms, because it is
known that the number of exponential terms vary from oocyte to
oocyte (Trimmer et al., 1989; 2huo et al., 1991; Chen et al.,
1992).

RESBULTS
Lethal dose comparison of soluble venoms

Lethality tests conducted with these venoms indicated that the
LD;, value for C. i. infamatus is 1.27 mg/Kg of mouse weight
(Dehesa-Dav11a and Possani, 1994a, 1994b). This value is about
70% less than that (3.30 mg/Kg) reported by Alagon et al. (1988)
for C¢. 1. limpidus, and about the double of that (0.69 mg/Kqg)
determined for the sub-species ¢. 1. tecomanus (Possani et al.,
1980) . C. noxius venom has the lowest LD;; 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
LD;, 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.l.
limpidus (Alagon 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.l1 limpidus, Alagon et al.,
1988 and for C.1 infamatus, Dehesa-Davila 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 Cl1, the two least studied species. The profile of
Sephadex G-50 (fine) separation of 29.5 mg soluble venom from
C.i. infamatus is shown in Fig.la. In Fig.1lb are the
corresponding results 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~Davila et al., 1994b). If more Cll scorpion venom is
applied to the column, the separation of fractions II and III is
very poor (Alagon 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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Ccii and 97% for Cll. 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 Ccii fraction II and in Fig.2b the separation of
fraction II from Cll. 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 mice, as
indicated by T in the Figs. The most abundant among the mammalian
toxins are fractions II.11 for Cii and II.9 for Cll. Fraction
II.11 of Cii (Fig.2a) corresponds to 18,3% of protein recovered
in this chromatographic step, and fraction II.9 of Cl1 (Fig.2b)
is 13.7% of the material recovered. Component 1X.13 from Cll
(Fig. 2b) was obtained by washing the column with 1 M NacCcl and
was shown to be toxic only to crustaceans (sweet water shrimps),
confirming data previously reported by Alagon et al (1988). Toxic
component II.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 experiments.
Similarly, toxic component II-9 from Cll 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.3¢c) was toxic and used for additional characterization.

Bequence determination

An aliquot (1.0 nmol) of each of the purified toxins 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 Cll-1
previously described by Ramirez et al., 1994, and thus was called
toxin Cl1l1 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 order to
obtain fragments of the toxins. Typical HPLC separations of
digested toxins are shown in Fig.4a for Cl1 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 fragments (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, as determined by sequencing
data.

For toxin Cll 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 HC1l hydrolysis, however both residues were
clearly shown in the sequence. For Cll 2 also the mol. wt. found
is in the order of 7600 (electrophoresis data not shown).

Binding and displacement experiments

In order 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 called 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 bindi g and displacenment
experiments conducted with C. noxius -toxin 2 and toxin cii 1
and Cl1 2, The three toxins displace 1n an almost overlapping
manner the binding of each other to rat brain synaptosome
membranes.

Toxin assays on heterclogously expressed uIl-2 Na' channels

The purified scorpion toxins were functionally assayed on the
#I-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
sI-2 injected cocytes held at -70 mV E,. Control (open symbols) and
toxin-treated (closed symbols) current records are superimposed.
All three toxins, Cii toxin 1 (panel A), Cl1 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
rate (t;), or by the time at wich I, had decayed to 1/e
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(Table 2). Both Cii- and Cll1 have similar IC, values, in the
micromolar concentration range, as shown in table 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 A-type of Na channel scorpion toxins.

DIBCUSSION

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 less 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.1) show similar patterns. They all
have an important fraction (wol 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 Cll which is toxic to crustaceans.
Additional separation of the most important toxic sub-fractions:
II-9 and II-11 respectively for Cll and Cii, and II-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 after 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 Cl1
2'
Comparative analysis of the sequences obtained with other known
toxins (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 moment, for the species C.l.limpidus there are several
different toxins known. Four are toxins specific for Na' channels
(toxin Cl1 2, this communication), toxin 1 (Ramirez et al., 1994),
and toxin II-6 and II-9 (Alagon et al., 1988). Two other short-
chain toxins specific for K channel (Martin et al., 1994) and one
specific for crustaceans (Lebreton et al., 1994) are also known.

10
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Comparative analysis of Fig.8 clearly shows a high degree of
similarity (83% and over) among the mammalian toxins of
C.1i.infamatus, C.1.limpidus, C.l.tecomanus, C. noxius, and C.
suffusus sufrfusus. The cricket toxins (variant vl 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,
comparat.ive analysis of primary structures of toxic peptides from
related scorpion species indicates possible specificity of action.
Concerning the function of toxins cii 1, Cl1l 2 and ¢n 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 B-scorpion toxin (Ramirez et al., 1994, Gurrola et al., 1994,
valdivia et al., 1994) that modifies the peak permeability of Na’
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)
¢n 2 (Fig. 6), Thus, they must be compiting for the same sub-types
of brain Na' channels in a similar fashion as the B-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 pocyte expression of a specific messanger
that codes for the ul2 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 uI-2 Na’' channel in a similar fashion.
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FIGURE LEGENDS
rig. 1: Gel filtration on S8ephadex 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.l.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.
rlq. 2: Ion exchange separation 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 NaCl (250 ml) to 0.5 M NacCl (250
ml) in the equilibration buffer resolved 13 components,

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

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

¥ig. 3: Final purification of toxin Cii 1 and Cl1 2.

A. Toxic fraction II.11 (100 ug) 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 1I.9 (25.3 mg) from C.l.limpidus (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 0 M NacCl (250 ml) to 0.4
M NaCl (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 IX.9.4 (100 ug) from C.l.limpidus 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 Cl18 reverse-phase column by HPLC (inset), in
the same conditions as C. Component 2 was homogenhous as
demostrated by gel electrophoresis and amino acid sequence,

Fig. 4: HPLC separation of cleaved peptides

a. HPLC separation of RC~toxin Cll 2 (50 ug) after hydrolysis
with protease V8 from Staphylococcus aureus. The four peptides
labesled 1-4 corresponded to sequences 3 to 15 (GYLVNHSTGCKYE),
54~65 (QAVVWPLPKKTC), 16~28 (CFKLGDNDYCLRE), and 29-5)
(CKQQYGKGAGGYCYAFGCWCNHLYE) , respectively (see Fig.S5).

b. HPLC separation of tryptic digestion of RC-toxin Cii 1 in the
same conditions as a. Peptide with the star (eluting
approximately at 44 min) corresponds to the the overlapping
ssguence of positions 36 to 57 (GAGGYCYAFGCWCTHLYEQAVV) of Fig.5.

Fig. 5: Primary structure of toxin cii 1 and Cll 2

Cii 1. The overlapping amino acid sequences of toxin 1 from
C.l.lnfamatus is shown on the upper panel.

Residues 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 V8. The first corresponds to positions 29
to 53 and the second to 54 to 66. The overlapping peptide (.-T,-
>) was obtained after trypsin cleavage and spans from residues 36
to 57.

Cll 2. The amino acid sequence of toxin 2 from C.l.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 vB-1 and vB8-2 corresponds 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 residue: Asn was confirmed by amino acid analysis of the C-
terminal peptide (labeled a).

Fig. ¢: Displacement of 'B1.cn2 binding to rat brain
aynaptosome membranes
Displacement experiments were conducted using rat brain

synaptﬂgomo membranes (80 ug/500 ul per assay) incubated with 10
of I-toxin 2 from C. noxius (Cn2), at room temperature for
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60 min, in the presence of increasing concentrations of native
cn2 (filled circles) or toxin 2 from Cll (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 toxins on the rat uI-2 skeletal
muscle channel.

pI~-2 cRNA injected Xenopus 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: 1uM for Cii toxin 1 (A, closed circles) and Cll toxin 2 (B,
closed squares) and 0.3 uM for Cn toxin2 (C, closed diamonds).

rig. 8: Comparison of primary structure of toxins from Mexican
scorpions

The one letter code for amino acids was used to compare the
primary structure of toxins: Cii 1 and Cll 2, are from this work;
Cll 1 (C. limpidus limpidus 1) from Ramirez 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
Vazquez et al., (1993); Cass II (C. suffusus suffusus II) from
Rochat et al., (1979); CsE I, V1 to V3 (C. sculpturatus Ewing I,
Vi to V3) from Babin et al., (1975); Cll c1 (C. limpidus limpidus
crustacean toxin 1) from Lebreton et al., 1994. Percentages of
identity are listed on the right of the figure. The first number
on top of the sequences corresponds to the amino acid position in
the sequence. A couple of gaps (~) were introduced in the
sequence in order to align the cysteines (in bold). The last
sequence, labeled common indicate the positions of identical
amino acids in all 13 structures compared (27 out of 67
positions) and also are in bold, separated by X (non identical
residues).
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Table 1. Recovery and toxicity of chromatographic components

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

Protein Amount in mg (Auormn' Lethality™
component cii Cll

Venonm 29,5 28.1 Lethal
FI 1.5 1.1 Nontoxic
F II 12.3 12.3 Lethal

F III1 7.0 7.3 Nontoxic
F IV 1.7 2.4 Nontoxic
FV 3.5 2.9 Nontoxic
F VI 2.2 1.2 Nontoxic
Protein

recovered 96% 97%

B. cnc-ﬁz column (Fig.2a and b)

Protein Amount in mg (A, nm)' Lethality"
component cii Cll

F I 43.8 92.4

F II1.1 0.6 8.2 Not tested
F II.2 1.2 16.4 Not tested
F I1.3 4.4 2.8 Not tested
F II.4 3.1 7.1 Not tested
F 1I1.5 13.0 3.1 Non toxic
F II.6 1.9 22.9 Non toxic
F II.7 3.0 5.0 Non toxic
F II.8 0.7 3.7 Non toxic
F IXI.S9 0.8 12.5 Toxic

F II:l0 0.2 3.5 Toxic

F IT.11 6.6 3.4 Toxic

F II.12 0.1 1.2 Toxic

F II.13 0.4 1.7 Toxic
Protein ‘
recovered 82% 99%

:gssuming 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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Table 2. Time constants of inactivation and IC;; values in control
and toxin treated ococytese

0.3'?'19,3ak (msec) t, (msec) IC,, (uM)
Ccontrol 14.5 * 2.5 (10) 12.% % 1,3 (10)
Ccii toxin 1 12.9 t 4.2 ( 6) 13,0 £ 1,8 ( 6) 1.7 £ 0.4 (5)
Cll 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  SECRECION EXOCRINA Y MICROSCOPIA

Los ensayos de secreciéon se llevaron a cabo en ratones de 20 g de
peso corporal o vivo. Fueron retados con veneno total de C Iimpidus
limpidus a dosis de 20 ;g aplicados por via intraperitoneal. El método que
se utilizé para cuantificar la enzima amilasa en suero fue el de Bernfeld
(1955) que consiste brevemente en expresar la actividad de amilasa en
términos de liberacion de maltosa en 3 minutos. Antes del reto se les
extrajo 100 ul de sangre como control. Los animales una vez que fueron
retados se les extrajo sangre cada hora hasta completar 4 hrs. Después
fueron sacrificados por dislocacién cervical y el pincreas removido para
estudio de microscopia. El pincreas fue fijado con medio de Karnovsky.

En los resultados de secrecidon no hubo respuesta siendo las
cuantificaciones iguales a los controles por ello no se muestran estos
resultados. De los estudios de microscopia de luz se muestran dos figuras.
En la Fig A estd el control donde se observan acinos pancreiticos con
arquitectura conservada, se destaca abundante cantidad de grinulos de
zimégeno intracitoplasmiticos tefiidos con azul de toluidina, dispuestos
en acimulos en forma difusa sin alteraciones ductales y capilares . En la
Fig. B se observa la misma arquitectura conservada de los scinos
pancredticos con alteraciones en la coloracién del citoplasma y marcada
disminucién de los grinulos de zimégeno dispuestos en forma de
predominio ductal. En la periferia se observan focos de esteatosis
necrética.

De estos experimentos se concluye que si bien en Ia microscopia de
luz se observan algunos cambios cualitativos en los de secrecién no los
hay. Los venenos de los alacranes del gémero Centruroides parecen no
afectar de forma importante al pincreas. Sin embargo, el trabajo llevado a
cabo por el Dr. Fletcher etf al, (1992) y el Dr. Possani et al, (1991) donde
s¢ muestra que el veneno de 7Tityus serrulatus y toxinas purificadas del
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mismo si tienen un efecto sobre la secrecion exdcrina del pancreas con
alteraciones histopatolégicas compatibles con una pancreatitis aguda
estimulan el continuar con estos experimentos para elucidar la relacién
existente entre toxinas purificadas Yy los mecanismos de secrecién.

Fig. A

(Control) Microscopia de Iuz que muestra un conjunto de acinos
pancredticos con arquitectura celular conservada. Los grdnulos de
zimégeno (GZ) estin dispuestos en actiimulos difugos en el citoplasma. Los
ductos (D) no presentan alteracion alguna al igual que los capilares (C). El
nicleo (Nu) se encuentra de forma y situaciéon normal. 20 x 100 aumentos.
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A

Fig. B

Acinos pancreéticos con arquitectura celular conservada, alteraciones en
la coloracién del citoplasma con marcada disminucién de gridnulos de
zimé6geno (GZ) orientados hacia la luz de los ductos (D) & en sus porciones
periductales. Los niicleos no preseatan alteraciones. Se observa necrosis
(N) grasa en la periferia del conjunto acinar. 10 x 100 aumentos.
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\'} DISCUSION Y CONCLUSIONES

Tanto el C. infamatus infamatus como el C. limpidus limpidus son
las dos especies de alacranes responsables de un importante nimero de
envenenamientos en los estados de Guanajuato, Guerrero y Michoacdn (ver
anexo 2 y 3). La separacion cromatogrifica del veneno de C. infamatus y
de C. limpidus muestra patrones similares desde su fraccionamiento en
resina de Sephadex G-50 fino con una fraccion importante (denominada
fracciéon II en la cromatografia con Sephadex) la cual contiene los
polipéptidos téxicos a mamiferos (ratén). La fraccién II al ser
recromatografiada en resina de intercambio idonico (CMC-32) retiene los
péptidos bidsicos los cuales son eluidos con el gradiente salino. Los dltimos
cinco componentes son toxicos a mamiferos, excepto el componente
nimero 13 del C. limpidus el cual es téxico a crusticeos. Purificaciones
subsecuentes de los principales componentes (I11.9 de C. /impidus y 11.11
de C. infamatus) por recromatografias en resina de intercambio iénico 6
por cromatografia liquida de alta presién (CLAP) nos permitié obtener en
forma homogénea un péptido de cada uno de estos venenos (ver fig. 2, III).
La estructura primaria completa de estos dos péptidos fue obtenida por
medio de la degradacién automitica de Edman primero, posteriormente se
llevé a cabo una reduccién y carboximetilacion de la toxina nativa y
finalmente se realizé una digestién enzimitica (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. limpidus es extraordinaria, unicamente hay
dos aminoécidos diferentes, uno es una tirosina por fenilalanina en la
posicién 17 y una treonina por asparagina en la posicién 49 (ver figura 8,
III) para Cii 1 y Cll 2, respectivamente.

En conclusién, presentamos el aislamiento y purificacién de dos
nuevas toxinas del veneno de alacranes mexicanos. Su secuencia de
aminodcidos tiene una alta homologia entre ambas siendo del 98%. De la
misma manera estas dos toxinas tienen una homologia 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 alacrin en sinaptosomas de cerebro de raton. Las toxinas o

representadas por alacranes del viejo mundo las cuales hacen lenta la
inactivacién de los canales de Na' y las toxinas [} representadas por la
toxina II de C. suffusus suffusus (alacranes de Norte América o del Nuevo
Mundo) las cuales afectan la activaciéon del canal de Na’. Sin embargo en el
veneno del alacran C. sculpturatus hay toxinas que tienen el efecto de las
toxinas § (anotado por Martin et al, 1988) y otras toxinas que afectan la
activacién del canal de Na*. De misma forma en el veneno del alacrin
Tityus serrulatus, del Nuevo Mundo, hay toxinas del tipo o« y [ (Yatani et
al, 1988, Kirsch et al,, 1989).

Para abordar el estudio de la funcion 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, 1lII). Se selecciond a la toxina 2 de C. noxius por ser una
bien conocida toxina [ la cual se marcé 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 §. Con el
fin de apoyar este resultado utilizamos un sistema de expresion en
ovocitos de rana para un mensajero especifico que codifica para el canal
de Na* de musculo esquelético de rana (ver fig. 7, III). Este experimento
confirmé que estas dos toxinas modifican unicamente el pico de
activacion de este canal. Ademas, sabemos que la toxina 1 de Cii afecta el
canal de Na* de las células nerviosas de las raices dorsales de embrién de
pollo disminuyendo el pico de activaciéon siendo este efecto reversible

después de lavado (ver amexo 1). Por lo tanto, ambas toxinas son
clasificadas como toxinas de tipo § o de las llamadas del nuevo mundo.
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Por demas interesante es la comparacion de la toxina 1 de Cii con la
toxina 1 de C. limpidus tecomanus puesto que fueron ensayadas en la
misma preparacion con concentraciones iguales. Ambas tienen un efecto
relativamente pequefio que no pasa de un 25% mas su mecanismo de
accion si es diferente. La toxina 1 de C. limpidus tecomanus hace lenta la
inactivaciéon de la corriente del canal de Na’ en tanto la toxina 1 de Cii
disminuye la activacion del canal. Esto, en conjunto hace que tengamos
dos toxinas con una estructura primaria muy parecida pero con funcioén
diferente que nos permitird a futuro estudiar la funcién del canal de Na’
en relacién a la estructura de las toxinas.

El efecto de la toxina 1 de C. Iimpidus tecomanus es hacer lenta la
inactivacién del canal de Na* en células de las raices dorsales ganglionares
de pollo en forma similar a las toxinas de los alacranes del viejo mundo,
mas en células de corazén 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 o o } dependiendo del tejido en que se aplica. La
toxina 11-10 de C. noxius disminuye el tamailo de la corriente en el axén
gigante de calamar (Carbone et al, 1982) en tanto en células de las raices
ganglionares dorsales de pollo afecta principalmente el curso del tiempo
de inactivacion. Por ello en vez de cambios minimos 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 clasificaciéon de toxinas
para mamiferos, insectos y crusticeos de acuerdo al bioensayo usado
durante su purificacién.

Otro ejemplo es la toxina 11-9 de C. Iimpidus limpidus (Alagén et al.,
1988) la cual es una toxina a crusticeos (en esta tesis es la toxina 11-13 de
C. limpidus limpidus) y las toxinas 1 y 2 del mismo alacrién que son
toxinas a mamiferos. De eata iltima, la cual es objeto de la presente tesis
observamos su efecto como una tipica toxina f.
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En resumen, podemos mencionar que el veneno de alacrin contiene
una familia heterogénea de péptidos con estructura primaria variable y por
ende conlleva diferentes mecanismos de acciéon con receptores diferentes.
Por lo anterior, el descubrimiento de nuevas toxinas con diferentes

estructuras y mecanismos de accién son un campo de estudio muy
estimulante.
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VI PERSPECTIVAS FUTURAS

Las perspectivas futuras las podemos contemplar de la siguiente
forma:

1. Identificar las toxinas que afectan a los canales de K* de estos dos
venenos tanto de Centruroides infamatus infamatus como de
Centruroides
limpidus limpidus.

2. Obtener por clonacién 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 relacién estructura funcién con mutaciones
puntuales. |

' 3. Continuar los experimentos de secrecién con toxinas purificadas en
células acinares aisladas.
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M. DeHisA-DAviLA, B. M. MARTIN, M. NosiLg, G. PResTIPINO and L. D,
Possant. Isolation of a toxin from Centruroides infumatus infamatus Koch
scorpion venom that modifies Na* permeability on chick dorsal root ganglion
cells, Toxicon 32, 1487-1493, 1994.—A novel toxin was isolated and character-
ized from the venom of the Mexican scorpion Centruroides infamartus 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-
mined (up to residue 48) and showed approximately 95% similurity with toxins
from other Mexican scorpions of the genus Centruroides. Experiments con-
ducted with chick dorsal root ganglion cells showed that toxin | is a Na*
channel effector, causing a decrease in the peak Na* permeability, similar to
decrecases observed for typical fi-scorpion toxins,

INTRODUCTION

SCORPIONISM is an important health problem in the city of Leon, state of Guanajuato
(Mexico). The only dangerous scorpion reported in this area 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-DAvILA, 1989; DtHesa-DAviLA and Passani, 1994), und to the best of our
knowledge only an abstract (DeHEsA-DAviLA and PossaNi, 1990} is available in the
literature, concerning the biochemistry of its venom. During the yeirs 1990-1993 there
were 35,777 cases of scorpion stings registered (personal communication, Dr CHAVEZ
Haro). Horse antiserum (Alacramyn'™t) has successlully been applied to 18,212

»

* Author to whom correspandence should be addressed.
t Afacramyn is a trade mark from Laborstorios Biocton, Caiz. Tlaipan 4687, México D.F. 14050, México.
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people, reducing the mortality rate to zero in the Mexican Red Cross Hospital of

In this communication we report the isolation and the N-terminal amino acid sequence
““of a toxin from this scorpion species (Cii),; and its effect an Na* channels of chick dorsal
root ganglion (DRG) cells.
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Fi. }. CHROMATOGRAPHIC SEPARATION OF Cii VENDM,
{2) Cii soluble venom (21 8mp bv absorbance at 280 nm) in Zmi solution was applied 10 a
Sephaden Go50-medium column (200 x 0.9 cm) equilibrated and run with 20 mM emmonium
aceiaie bufler, pH 4.7, The fiow rate was 25 mithr and fractions of 2.2 ml were colizcied and pooled
according 1o their absorbance at 280 nm, as indicated by the horizomal Bars, Onty Jrustion 11
was loxic 10 mammals. T, Toxic Columns were run a1 room temperature (22°C). (9) Fraction 1
from independent applicaiions on the Sephadex G-30 (37.5 mp 10tal) was 2pplied 1o 2 CMC-22
(0.9¢em » 30¢m) equilibrated and run with 20 mM ammonium aceiaie bulfer. pH &7, at & fow rate
of 30 ml'hr. A linear salt gradieni in $00 ml 1012 volume. from O M 10 0.8 M NaC! (250 m! each)
was used 10 elute the column. L, Loading the sample; G, starling point of the gradient: W, washing
with | M NaCl. i¢) Fraction 1.11 18§ 6 mp) was applied 10 the same column &5 15 (D) eguilibraled
and cluted in 50 mM K- phosphaie buffer. pH 6.0, using 8 lincur gradient from § 10 0.4 M NuCl
in the same buffer. (d) HPLC punfization of fraction H-11.1 in & CIF reverse phase column (Vvdae,
Hysperia, CA, U.S.A Y, using & Bechman 421 A chromalographic system with & hnser grudient from
0 1o 60% of acetontiriie, in the presence of 0.1% irifivoroaselic atid
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MATERIALS AND METHODS

The scorpions were collecied dy us in the North of the city of Leon, Guanajuato. The venom was oblained
by elecirica! stimulation of ansesthetized animals ay previously described (DENT #1 ol., 1930). Water-solubilized
venom was cantrifuped at 16,000 x g for 15 min in » Sorvall $5-34 rotor. The supernatant was freeze-dricd and
stored 4t~ 20°C untib used, .

The mouse lthalny of variaus protein (ructions was obiserved afier ip. injection of different amounts of proiein
jusually from 10 10 50 ug) in 0.2-0.4 ml saline or buffcr solutions. into aduli 20-25 g mice (sirain CD1). Lethality
lest were conducted wilth a minimum of animals sccording 10 protocals approved by the Animal Care Commitiee
of our Inslitute, To daefine the 1oaicity of various chromatographic componenia. three detignations were used
(Possant ef ol., 1977). "Lathal’ means thut the component al, thedose jojecicd was enough to kill the tested mouse
within 4 hr of ingction. *Toxic’ means that 1ie mouse shows any of the following sympioms: excitabilily,
salivation. temporary paralysis of rear limbs, dyspnea, bul recovered within 20 hie afier injection, "Non-loxic'
means normal hehaviour similar 1o thas afler the injection of 0.9% NaCl or buffer solutions. The LDy value of
the 1oxic fraction I1. from Sephadex G-50, was deiermined graphically (Possani 1 al.. 1977) using five different
protein conceniralions of this fraction. The Ly, was esiimated to be 1.27mp/kg for CDI sirain of albino mice.
The protein contenis of venom and chromatographic subfractions of venom were caiculated based on absorbance
al 280 nm. sssuming | unit of absorbance, in & | cm pathway cuvelle, equal lo | mg/ml protein,

RESULTS

The soluble venom (21.8 mg) was applied 10 a Sephadex G-50.-medium column
(200 ¢cm x 0.9 cm). ‘The toxin-containing tubes were pooled (fraction number 1I) and
further separated on a carboxy-methyl-cetlulose resin (CMC-32, from Whatman,
Springficld. U.K.), equilibrated and run in the presence of 20 mM ammonium acetate
buller. pH 4.7, The major toxin fraction oblained (11.11) was subscquently purified by two
additional sieps: 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 (he purification procedures are indicated in
the legend of Fig. I. When necessary the fraclions were dialvsed against the appropriate
bufTers, using a Spectrapor 3 M dialysis membrane (Spectrum Medical lndustries, LA, CA.
U.S.A.). The purity of the fractions was ussessed by polyacrylamide gel clectrophoresis
(PAGE) using the system described by REISFELD ¢ al. (1962).

Figure 1(a) shows a chromatographic profile of the venom separation through Sephadex
G-50-medium chromatography. This gel fillration provided three fractions in a very
reproducible manner (this step was repeated at least five times). Fraction 1| corresponds
! to 73% of the soluble venom, and was lcthal to mice. Fractions I and [I1 were not toxic
i at the dose assayed (50 ug/mouse). Overall recovery from Fig. 1(a) was 98% (Table 1).
Fraction Il from Sephadex G-50 applied 10 a CMC-32 column separated |5 subfractions
{Fig. 1(b)} and the final recovery was 99%. Component 11.15 was obtained by washing the
column with 1 M NaCl and was shown (o be toxic only to crustaceans. Fraction 11.11
represents 16% of the material recovered. and was re-applied 1o a CMC-32 column, as
indicated in Fig. }(c). The principal toxic component (1I-11.1) was subsequently purified
by HPLC, as shown in Fig. 1(d). Component number | (label T) was lethal to mice and
run as a single band (data not shown) on PAGE (REISFELD ¢t al.. 1962). The apparent
mol. wi estimated from sodium dodecyl sulfute- PAGE {LAEMMLI, 1970) was in the range
of 7600. hence, compatible with the presence of approximately 66 amino acid residues per
molecule of peptide. A sample of this 10xin (150 ;2 g) was reduced and carboxymethylated
(RC-1oxin), as previously described (MakTIN ef al, 1988). RC-toxin (1.0 nmol) was
attached 10 a Sequelon-AA membrane und sequenced using a MilliGen-Biosearch
Prosequencer.
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TABLE |. RECOVERY AND LETHALITY OF CHROMATOGRAPHIC FRACTIONS

Protein content Recovery Lethality
Column Fraction {mg)* (%) {Lbs)
Sephadex G-50 Soluble venom 218 100 Lethat
(Fig. 1a) Fraction | 1) 3 Non-toxic
Fraction 1l 16,0 7 {1.27 mg/ks)
Fraction 11l 4.3 20 Non-toxic
Total 214 98
CMC-22 Fraction 1} 3.5 100 Lethal
(Fig. Ib) Fraction 1.1 0.6 L1 Not tested
Fraction [§.2 1.9 5 Not tested
Fraction 11.) 2.3 7 Noi tested
Fraction 11.4 kN 8 Not tested
Fraction 1.3 10.6 28 Non-toxic
Fraction 11.6 A 1.7 5 Non-toxic
Fraction 1.7 AN 8 Non-toxic
Fraction 1.8 0.6 2 Non-toxie
Fraction 11.9 1.0 k] Tonic
Fraction 110 0.6 2 Toxic
Fraction 11.11 60 16 Letha!
Fraction 1112 1.3 k] Toxic
Fraction 1113 1.1 k| Toxie
Fraction 11.14 04 | Toxic
Fraction 1015 0.4 i Toxic
Side tubes I.8 5 Nat tested
Total 17 99

$The values reported are percentages, based on absorbance units at 280 nm, Lethalily tested were
performed in CDI albino mice, with a dase of about 50 ug prolein per mouse.

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

We propose calling this peptide: toxin 1 from Centruroides infamatus infamatus
(abbreviated Cii-1). 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. Comparing the sequenced portion of Cii-1 (about two-thirds
of the full length peptide) with that of C. limpidus tecomanus toxin | (MARTIN ef al., 1988)
showed 96% identity, C. I, limpidus (RAMIREZ et al., 1994) toxin | had 94% identity, while
C. noxius toxin 4 (VAZQUEZ et al., 1993) and C. suffusus suffusus toxin Il (RocHAT et af.,
1979) had 94% and 87% identity, respectively. The least similar was variant 2, from
C. sculpturatus (BamN et al., 1975), which showed only 67% identity with Cii-1. Thus, alt
these peptides from the genus Ceniruroides are definitively related.

In order to verify the function of Cii-1 we have assayed the pure toxin on chick dorsal
root ganglion cells. The effect of toxin Cii-1 {at 0.5 uM concentration) on these cells
demonstrates that it affects Na* permeability [Fig. 2(b)). 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
(HAMILL e al., 1981) were obtained in the whole cell configuration system, at room
temperature (20-22°C). The experimental set-up previously described by us {(NoBILE et al.,
" 1990) was used. Membrane currents were evoked by voltage steps of 10mV, 40 msec

long, from —40 to S0 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 fillered at 3 kHz, digitized with a sampling

FALLA nr nr
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b) c)

F10. 2. ELICTROPHYSIOLOGICAL RECORDINGS ON DRG crLLS.
{a) A family of currents, dus to siep depolerization from —60mV 10 +50mV, evoked in 2
vollage-clampad osll. External and internal solutions were chosen in order to eliminate K* and
Ca* currents. The composition of the external sotution was {meq): 120 NaCl, 3KCl, 2CaCl,,
IMCly, 20 glucose, 10 HEPES, | CACL The pipette filling solution contained {meq): 120 CsCl,
20 teira-ethyl-ammonium choride, 10 EGTA, 2MgCl,, 10 HEPES. Solutions were adjusted to
pH 2.3, with NaOH (eaterna} solution) or CsOH (internal soiution) and adjusied also to
. 300 mosm/kg by adding mannitol. (b} Action of 0.5 uM toxin Cii-l on Na* currenis at the
membrane poientisl indicated in (3). The peak Na* current decreased by about 25%. (c) Na*
currents afier washing the call with toxin-free solution. Recovery was almost compleied after 2 min
washing.

frequency of 10 kHz and stored for further analysis. In all experimenis series resistance
compensation for the pipette resistance was used to oblain maximal response time
constants. Leakage and capacitive current components were reduced by appropriately
subtracting scaled currents. Figure 2(a) shows a family of currents, due to siep
depolarization from —40mV to +50mV, evoked in a voltage clamped cell. A fast
transien! inward currenl was present ai all potentials; however, an oppostie residual
outward current appeared occasionally at membrane polentials more positive than 0 mV,
very likely due 10 Cs* ions passing through K* channels (ionic conditions in the legend
for Fig. 2). The fast current disappeared following the addition of 3 uM tetrodotoxin
into the bath or by replacing the external Na* with choline (data not shown). This indicates
that inward currents were due to Na* ions, Figure 2(b) shows the effect of Cii-1 externally
applied o the same cell. A decrease in the Na* current of approximately 25% was
observed. Qualitatively similar results were recorded in about |5 more neurons assayed.
Figure 2(c) shows the resulls of washing the plate with buffer without toxin. Almaost

e

L {
-30 50 mV

na

Fig. 3. CURRENT-VOLTAGE RELATIONSHIP SHOWING THE KEVERSIALE EFFECT o Ciiel,
Empty square represeni contral canditions. full circles indicate the action of 1oxin Cir}, and full
squares, the recovery to the initial conditions. This graphic was obiained from the family currents
desenbed i Fip 2.
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complete recovery was obtained after 2 min. A summarized curreni-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 infamaius infamatus, which is the first 1o be described from this venom,
The N-terminal amino acid sequence is 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 lypical f-scorpion toxins from
the New Worid (YATANI et al,, 1988). This effect is reversible, under washing (Fig. 2c).
Thus, toxin Cii-1 is another S-scorpion toxin that increases the vast repertoire of known
peptides evolved by scorpiens, and should serve as another variant lor structure~function
relationship studies of toxin~channel interactions. '

One of the most interesting questions arose when we compared the effect of Cii-l
with that of C. [. recomanus toxin 1 in the same DRG cells (MARTIN et al., 1988).
Applied to DRG cells, at the sams concentration, both toxins have a relatively small
effzct (not hicher than 25% change), but the mechanism of action appears to be
different. While C. /. recomanus 1oxin | secms 10 slow inactivation of Na* channelsin DRG
cells, similar 10 the Old World scorpion toxins (sec MARTIN et al., 1988), C. 1. infamatus
toxin 1 {this communication) seems 1o decrease the peak permeability of Na~ currents,
Thus, these two ioxins 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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SCORPIONISM AND SEROTHERAPY IN MEXICO
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M. DEHESA-DAvILA and L. D. Possani. Scorpionism and serotherapy in Mexico.
Toxicon 32, 1015-1018, 1994.—In Mexico, scorpionism is an endemic public
health problem. The exact number of human accidents is unknown, but partial
slatistics suggests numbers close 1o 200,000 per year, The documented number
of fatality cases is in the order of 210 people per year. We currently use horse
antiserum in paticnis who show a clear picture of intoxicatlion. Our personal
experience in treating 38,068 people, from which over 20,000 received scrother-
apy, shows that the antiserum is very effective, in that none of the patients died.

[N MExico, about 134 different scorpion species {(including subspecies) have been found.
but only eight of them are dangerous to humans. and are responsible for the majority of
stings. They belong to the genus Centruroides, {amily Buthidae. Hoffmann described at
least 30 different species and subspecies in this genus (HOFFMANN, 1936; HOFFMANN and
NigTo, 1939). The dangerous species are: Centruroides elegens, C. infamaus infammaius.
C. limpidus timpidus, C. I. recomanus, C. noxius, C. pallidiceps, C. sculpturaius and C.
suffusus suffusus. These arachnids are found on the Pacific Coasl, where |1 Mexican states
were shown to be endemic places for scorpions. and consequently responsible for a
hazardous public health problem.

Unfortunately, the epidemiological data arc incomplele and the exact number of
accidents is unknown. Original estimates of the number of cases were published by .
MazzoTl and BRavo-BECHERELLE (1963) and reported by Monroy-VELAZCO (1961) !
Numbers as high as 100,000 cascs of accidents per year were reported during the 1960s
and 1970s. LopPEz-AcURA and ALAGON have compiled daia (presented in the technical
session of the Sociedad Mexicana de Salud Publica) for 1976 suggesting numbers close
to 200.000 per year. In 1989, DeHrsa-Davia reported the incidence of 38.068 cases of
people stung in Leon, registered only at the Red Cross Hospital, during the period
1981-1986.

In this discussion (see Table |) we include unpublished data from stalistics 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 10 1986. Also included are partial data from
1wo other cities: Cuernavaca in Morelos State, and Tepic in the State of Nayarit, compiled

*Author 10 whom correspondence should be addressed.
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1016 M. DEHESA-DAVILA and L. D. POSSANI

TANLE |. PARTIAL STATISTICAL DATA OF SCORPION STINGS 1N MEXICO

Total national

Yeuar Leon® Cuernavaca  Tepic morlalityt
1981 6649 ned n.c. 90
1952 8044 n.e. n.c. 401
1982 7342 {159 1759 45
1984 7928 1564 v 2
1985 7289 2641 {061 291
1986 7989 Jo42 1206 278
1987 7155 1775 1510 272
1988 7130 lag! 1109 2940
1984 9179 ne. 814 213
1990 9173 nc 1.c. 285
1991 9387 ne. ne. n.g.
{992 R4 ne. ne. nc
Totat 96,416 16,442 9519 30917

Global 122,407

* Only Red Cross Hospital and one clinie of IMSS (Mexican
institute of Social Security) in Leon, Guanajuato,

t Monatity officially registered by the Ministry of Health for the
enlire country.,

$ ne, Not compiled.

by us for comparative purposes. We have documented 122,407 accidents during 12 years
of observation in Leon, 6 in Cuernavaca and 7 in Tepic. The city of Leon alone had
approximately 8000 stings per year during this 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
(Sccretaria de Salud). These cities have other hospitals. The actual documented cases in
Table t indicate a mean value of about 11,560 accidents per year, in those three cities alone.
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 scorpions in Mexico is high. The number of fatal accidents
in the entire country is also considerably high, about 310 people per year {Table 1).
However, the official statistics are surely underestimated by a factor of 2 or 3. In muny
cases, the certificate of death (causa mortis) states that the patient died because of a
cardiocirculatory shock, pulmonary oedema or cardiac arrest, but does not associate the
scorpion sting to these events.

The envenomation and prognosis will depend on a number of factors, some of them
attributable 1o the scorpion and some to the victim, For the scorpion these are: (1) species,
(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 victine (1) age, weight and health of the
victim, (2) concomitant diseases (diabetes. hypertension, heart disease, cte.), and (3)
effectiveness of the treatment. From the onset of the first signs and symptoms of
envenomation to the development of o severe picture might take a very short time; in most
cases this progression can take only 5 to 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 compiications
like cardiocirculatory shock may lead to death (DeHESA-DAvILA, 1989; DEL Pozo and
GonzaLkz, 1945).

The most tmportant points, for the purpose of this discussion, however, are the clinical
events and the serotherapeutic treatment applied to the patients. The physicians (or trained
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paramedicals) can casily distinguish two distinet symptoms (local and general) following
a scorpion sting.

Local symproms
Immediately after the sting there is burning pain, which is followed by pruritns and
hyperaesthesia. Mild inflammation sometimes occurs.

General symptoms

The following list of symptoms is nol always observed and they do not have an apparent
sequence: hyperexcitability, restlessness, hyperthermia, tachypnoeu, dyspnoea, tachycardia
or bradycardia, profuse swealing, nausei, vomiting, gastric hyperdistention, diarrhoes,
lachrymation, nystagmus, mydriasis, photophobia, excessive salivation, nasal secretion,
dysphagia with a sensation of hair in the throat, dysphonia, cough, bronchorrhoea,
pulmonary oedema, arterial hypertension or hypotension, heart failure, circulatory shock,
convulsions, ataxia, fasciculations and coma.

Most of this symplomatology is due to the stimulation of the uutonomic nervous system
which includes parasympathetic (cholinergic) und sympathetic (adrenergic) pathways.
Both are stimulated by scorpion venom. In the course of the envenomation one effect can
be predominant, but mixed effects are also observed. This is the reason for finding variable
symptomatology as discussed by FReiRe Mata et al. (1976), and Freire Mala and CaMpos
(1989). Another factor to be taken into consideration, as demonstrated by IsMaiL (1988),
is the rapid distribution of the venom and the time for its elimination from the body. The
intruvenous route dissemination of the venom component ranges from 4 1o 7 min and the
overall elimination half-lives are from 4.2 to 13.4 hr,

In our opinion, the key objective of the physician at this stage is to be able to neutralize
the circulating venom with antiserum, as soon as possible, when the patient needs this
treatment. However, this is not a trivial decision. Usually, in the cases treated by us, when
the patient manifests only the local symptoms we do nor apply the serum. If the patient
presents two or more of the general symptoms described above we do apply the serum,
immediately, In several years of clinical practice in Leon (Denesa-DAviea, 1989), by
following this procedure and using the sera mentioned below (Alscramyn* ). none of our
pitients died. From 38,068 puatients.that came to the Red Cross Hospital, antiserum was
administered to 20,293, Skin tests, or other procedures, were not performed to determine
possible hyperseusitivities, None of the patients developed immediate allergic reaction,
Cases of late development of serum sickness, although possible. were not documenied,
mainly because the patients do not return to the hospital. Patients arriviag late at the
hospital with complicated symptoms are wlso treated immediately with serum, and then

placed into speciat care units for adequate monitoring and other drug-therapy treatments,

according to the clinical symptomatology manifested,

In Mexica. Centruroides polyvalent antivenom is produced in horses by injecting with
a mixture of macerates of venomous gland from the most important species (C. noxiuy,
C. o dimpicdus, Co L tecomanus, and C. suffusus suffusus ). I is enzymatically digested and
lyophilized. The antivenom cross-reacts with other Centruroides, and protects against all
venomous species of the country, There are two producers of antiserum ugainst Cen-
truroides species:

(1) Gerencia General de Biologicos y Reuctivos, Health Minisiry, M. Escobedo 20, C.P,
HA00 Mexico D.F., Mexico. Suero Antialacrin- -ampoule with lyophilized immunoglob-
whns. One ampoule neutralizes 150 Ly, i mice tested intraperitoneally.
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{2) Laboratorios BIOCLON S.A. (before MYN, Zapata, and Grupo Pharma). Calzada
de Tialpan 4687, C.P. 14050 Mexico D.F., Mexico. Suero Antialacran (Alacramyn)*—
ampoule with lyophilized immunoglobulins. One ampoule neutralizes 150 LDy, in mice
tested intraperitoneally.

The quantity of antivenom to be used is determined by the clinical symptoms and their
evolution in time. The lyophilized immunoglobulins contained in the ampoule are
dissolved in § m! of water for injection. In earlier stages of envenomation, one or two vials
are enough to neutralize the circulating venom, hence controlling the clinical symptoms.
However, when the patient comes to the hospital in later stages of envenomation it might
be necessary to use up to four vials of serum, This is valid for both children and adults.
It is always advisable to administer an antihistamine (i.e. chlorpheniramine) together with
antiserum. Faster neutralizing effects are obtained if the intravenous route of injection is
used, Intramuscular injection of the antiscrum 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 neglecting the appropriate treatment of the clinical symptoms with other available
drugs and supportive therapies, when required. Another important fact is the use of potent
(high-titre) and polyvalent antiscra for scrotherapy. The latler factor might explain some
disappointing results obtained by other pcople in other parts of the world, where these
factors were not taken into consideration, or even worse, where a serum with these
characteristics is unfortunately not available (GUERON et al., 1993; IsmalL, 1993).
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L. INTRODUCTION

This chapter encompasses the clinical toxicology of scarpion stings, using as a model the
scorpions from the genus Centruroides of Mexico. Statistical estimates indicate that in
Mexico about a quarter of a million sting accidents occur in humans every year. Also, duc
to the diversity of climates, about 136 different specics and sub-specics of scorpions are
endemic in Mexico.! Fortunately only cight specics and sub-species are clinically
important for man. 1,2

Scorpions arc arachnids well distributed geographically, in tropical and sub-tropical arcas
of the world, and posscss 2 venom apparatus composed of a pair of glands and a sting. The
species important for human health contin in their venoms small molecular weight
peptides capable of causing impairment of cell function by interfering with ion channe!
permeability of the membranes of excitable cells,

This chapter we will present and discuss some of the general aspects of the venom,
symptoms and signs of cnvenomation, prophylaxis and clinical management, based on the
author's own experience; especiatly in the treatment of persons stung by scorpions, More
thar ten thousand cases were treated by our group in different clinical facilitics, Some
references are also included concerning scorpions in other parts of the world.

II. EPIDEMIOLOGY OF SCORPION STINGS IN MEXICO
A. THE SCORPIONS: DISTRIBUTION AND CHARACTERISTICS:

Worldwide, there are more than 1,000 scorpion species distributed in six familics:
Buthidae, Scorpionidae, Diplocentridae, Chactidae, Vejovidae and Bothriuridae.?
Although all scorpions are venomous, less than 50 species (belonging to the Buthidae
family), can be considered dangerous to humans,

In Mecxico, the only specics of scorpions of medical importance are from the genus
Centruroides, which belongs to the Buthidae family, There are at least 30 different specics
and subspecics from this genera described by Hoffmann, 12

The scorpions are arnthropods that belong to the class Arachnida and to the order
Scorpionida. They have two main body divisions: the prosoma or cephalothorax and the
opisthosoma or abdomen. The abdomen is further subdivided into an anterior mesosoma
{(preabdomen) and a posterior metasoma (postabdomen or *tail"). Both of these regions are
scgmented. The tail-like mctasoma terminates in a bulbous segment called the tetson. This
structure possesses a sharp, curved stinger or aculeus. A scorpion is equipped with a pair of
pedipalps that look like claws; the small chelicerac between the bases of the pedipalps; four
pairs of legs, all on the prosoma; and a pair of pectines, which are ventrally located, have
comb-like structure and are sensorial organs.3 For additional information on the
morphology of scorpior, pleasc refer to Chapter __ of this series,



Anexo 3

CRC Clinical Toxicology Of Animal Venoms; Chapt. D-1-4; Clinical Toxicology of Scorpion Stings; Dehasa-Devila o
al;page 3

Centruroides scorpions belong to a New World genus with its center of distribution in
Mexico (Fig.1). These scorpions are also found in the southern states of the United States,
Central America, the West Indics and in scveral countrics of South America. Specifically,
the specics of medical importance occur in Western New Mexico, Arizona, arcas along the
basin of the Colorado river in California, and in Mexico, in the Pacific States from the
North of Sonora down (o the West-side of Qaxaca and in some regions of some Central
Stales such as Durango, Aguascalientes, Zacatecas, Guanajualo and Morclos.d fn Fig.2
illustrates representatives specics of Mexican scorpions.

Scicntific name: Cenfruroides

Specics (States in Mexico, or U.S.A.)
Centruroides bertholdi {Jalisco)
*Ceniruroides elegans (Nayarit, Jalisco, Michoacan, Colima, Gucrrero)
Cenlruroides exilicauda (Sonora, Baja California Norte, California in USA)
Cenlruroides flavapicius (Veracruz)
Cenlruroides fulvipes (Guerrero)
*Centruroides infamatus infamatus (Zacalccas, Aguascalicntes, Guanajualo,
Michoacan)
*Centruroides limpidus linpidus (Colima, Guerrero, Morelos)
*Centruroides limpidus tecomanus (Colima)
Centruroides margaritatus (Oaxaca)
Centruroides nigrescens (Qaxaca)
Centruroides nigrovariatus (Oaxaca)
*Centruroides noxius (Nayarit)
*Centruroides pallidiceps (Sonora, Sinaloz, Arizona in USA)
*Centruroides sculpturatus (Sonora; Arizona and New Mexico in USA)
*Cenlruroides suffusus suffusus (Durango)

The most dangerous species are highlighted with an asterisk (*). See also the map of
geographical distribution in Fig.1. In Mexico the dangerous species are distributed along
the Pacific coast, comprising 16 States of the country, while in the U.S.A the dangerous
specics occur mainly in Arizona and New Mexico. The morphological characteristics of
Centuroides sp., including the most danderous specics, arc listed in Chapter 17,

B. SCORPION STINGS IN MEXICO

Scorpionism is a public health problem in many states of Mexico. Unfortunalely, the
cpidemiclogical data arc incomplete and the exact number of accidents is unkunown,
Original estimates on the number of cases were published by Mazzotti and Bravo-
Bechierelle® and reported by Monroy-Vclazco.7 Numbers as high as 100,000 casces of
accidents per year were reported for the years 60's and 70's. Lopez-Acuila & Alagon have
compiled data (presented in the technical session of the Sociedad Mexicana de Salud
Publica) in 1976 suggesting numbers close to 200,000 per ycar, wilth 700 to 800 fatalitics.
Dehesa-Davila® and Possani ¢l al.? confirm estimates higher than 250,000 stings per year
in Mexico, Table | summarises unpublished data from statistics collected by the authors in
the city of Leon, Guanajuato. Also included are partial data from the states of Nayarit and
Morelos. There have been about 69,000 accidents in 9 years of observation, The city of
Leon alone had approximately 7,540 stings per ycar (data recorded only from the Red
Cross Hospital and one of the Social Security Clinics of the city), during this period, Yel,
the city of Leon is not the most important in Mexico in terms of scorpionism.3 The
mortality rale is 0.01%.
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I, VENOM COMPOSITION AND PHARMACOLOGY

A. STRUCTURE AND MODE OF ACTION OF SCORPION TOXINS

In humans and experimental animals toxic polypeptides of scorpion verom are responsible
for the symptoms of intoxication. There are two groups of similar peptides in the venoms of
Centruroides: one is composed of long-chain peptides that affect sodium channels, and the
sccond consists of shortchain peptides which block potassium channels of excitable
membrancs (mamly nervous and muscular ussues). The binding of these toxins to the
cation channcls (Nat and K™*) causes most of the toxicological symptoms of the venom,

The binding is reversible, but different toxins have differcnt affinities,19-15  Recently,
another class of peptides was described in the venom of the scorpion Buthotus hottentota,
which affects the Ryanodine-sensitive Caz+-clzanncll6, and similar peptides were found in
the venom of the genus Hadrurus fram Mexico.}7 The literature of the last five years
teflects the importance of the structure and funcuon rclauonslup of toxins from scorp:ons
collected in many different pants of the world, 18- th 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 shost-
chain (K*<channe! blockers).

B. IUMAN DATA

it is only possible to oblain a rough cstimate concerning the amounts of venom that resull
in envenomation in humans. This approximation is based on the amount of venom
extracted by electrical stimulation fram the telson of anacsthetized scorpions. The average
amount of venom that can be obtained from a single animal varies from 100 jg in small
specics (1.e. Centruroides noxius) to 600 pg in the large specics (i.e. Cenfruroides elegans).
These experimental values set the range of variation on the amount of venom toxic to
humans. It is unlikely that a scorpion in a normal situation will inject more venom than is
extracted under extreme stress (electrical stimulation), Scorpions usually inject venom
subcutancously, from where it is distributed all over the body by the circulatory system.

The human lethal dose is prabably less than 100 to 600 pg of venom. This is the maximum
amount of venom that a single scorpion has in the glands (telson) at any one time.

Ismail24 demonstrated that the venom is distributed very rapidly into the tissues by the
intravenous route ranging between 4 - 7 minutes and overall elimination half-lives of 4.2 (o
13.4 hr.

C. ANIMAL DATA

LDsq values determined in expesimental animals vary according to the species and strain
of animal uscd. For cxample the LDsg cstimated for Centrwroides limpidus limpidus
venom in seven differcnt strains of mice averaged (intraperitoncal 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 strain.23 The LD sp of Centruroides infamatus infomatus venom injected
intraperitoneally into mice was 1.27 mg/kg, but was only 0.166 mg/kg in Wistar strain rats
using the same route. Cenfruroides noxius sccms to be the most toxic venom, with an
LDgq of 0.26 mg/Kg mouse mlmpcmoncally Centruroides limpidus tecomanus has an
LD350 of 0.65 mg/kg, while that of Centruroides sculpturatus is 1.12 mp/kg in mice
injected intraperitoneatty. 2’

1. IN VITRO DATA
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Maost of the data on the mechanism of action of the toxins from the scorpion venoms were
oblained by in vitro experiments using excitable tissucs such as squid axons, several types
of heart cells, dorsal root ganglion cclls, synaptosomes from brain tissucs, and others.
Whele-cell clamp and patch~clamp techniques, or single channcls incorporated into
antificial bilaycr membranes were uscd to identify the channels aflected by loxins purified
from the venom of Centruroides scorpions. 12,28-

2, ELIMINATION BY ROUTE OF EXPOSURE

Elimination of venom occurs muinly through urinary excretion, although bile secretion
may play an important role.32 People stung by Centruroides scorpions may have clinical
symptoms for as long as one weck, especially near or at the site of the sting (unpublished
cbservalions).

IV. SYMPTOMS AND SIGNS

A. GENERAL COMMENTS

Centruroides scorpions have a lendency to hide above the ground, therefore they are
frequently found under loose bark on trecs, crevices in dead trees, logs and walls or at the
basc in dry lcaves of palms and corn plants. They may also thrive in lumber piles, bricks,
stones and other debris or in soil cracks. Poorly built houses offer scorpions many niches to
live. Indeed, they are ofien associated with human habitations because they enter homes
and hide during daylight hours in places offering darkness and close contact (shoes, folded
blankets, heaped clothing, hanging pictutes, clc). Scorpions arc almost exclusively
nocturmnal. Cenfruroides scorpions are not aggressive, accidents occur when they arc
inadvertently touched in their hiding places or when they are wandcering in scarch of food.
In Mexico, there is an increase in the mosbidity and mortality rate that in some places
coincides with the rainy season and in others with the beginning of spring. The most
dangerous Cenlruroides specics dislike damp places preferring dry indoor locations.33

All species belonging to the Centruroides genus or other gencra, dangerous or harmless arc
called "scorpions” in English spcaking countrics, and "cscorpioncs” or "alacrancs” in
Spanish speaking countrics,

RISK FACTORS

Envenomation and prognosis will depend on a number of factors, some of them attributable
to the arthropod and some to the victim. For the arthropod these are: (i) species (ii)
condition of the telson at the moment 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
discase (i.e. diabetes, hypericnsion, heart discase, etc.) and (iii) cfleclivencss of the
treatment. From the onset of the first signs and symptoms of envenomation to the
development of severe envenoming may take a very short time; in most cascs this
progression can take only 5 10 30 minutes. Prognesis: serious Systemic coniplications such
as heart failure, pulmonary ocdema, convulsions and coma worsen the prognosis.
Respiratory failure is usually the causc of death, bul other severe complications, like
cardiccirculatory shock may lead to death.8,34

B. ONSET, EVOLUTION AND CLINICAL PICTURE
Local cvidence of the sting in the skin of the victim is oflen minimal or absent. Paticnts
report intense pain or a bumning sensation with intense pruritus and hyperesthesia. Some
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redness and inflammation with local ocdema can be observed at the sting site. The pain
occurs instantancously afler the sting and can last for several days; parcsthesia can be
present for several weeks and is usually the last symptom to disappear.

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

b) General symptoms and signs,

General symploms arc not always observed and do not have an apparent sequence, They
include some or all of the following: hyperexcitability, restlessness, hyperthermia,
tachypnoca, dyspnoea, tachycardia or bradycardia, profuse sweating, nausca, vomiting,
gastric hyperdistention, diarrhoca, lachrymation, nystagmus, mydriasis, photophobia,
excessive salivation, nasal sccretion, dysphagia with a sensation of hair in the throat,
dysphionia, cough, bronchorrhea, pulmonary ocdema, asterial hypertension or hypotensive
heart failure, circulatory shock, convulsions, ataxia, fasciculations and coma.

In evaluating cavenomation it is important to consider that it is more serious in children
and people of advanced age or with debilitating discases.33-38

C. SPECIFIC TOXIN EFFECTS AND COMPLICATIONS

Lachrymation, mydriasis, photophobia, nystagmus, nasal sccrction, a characteristic
sensation of hair in the throat with dysphonia, cough and dysphagia are some of the most
cansistent symptoms observed following envenomation.

1. CARDIOVASCULAR

There is ample experimental and clinical evidence that venoms from different scorpion
specics release catecholamines from the sympathetic nervous system and stimulate the
cardiac adrencrgic endings.

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 cffecls may dchnd on the system preferentially affected by the toxins, either
cholinergic or adrencrgic, 40,47

The evolution of these phenomena plus the direct action on the conducting system of the
heart can lead to cardiac arthythmia and heart failure and sccondarily may causc
pulmonary ocedema,

Gonzalez-Romero¥® treated 722 patients stung by Centruroides suffusus, 38% had
clectrocardiographic abnormalities, 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 remaining 62% of paticnts had
other abnormalities.

The profuse loss of fluids (sweating, vomiting, diarthoca) may also contribute (o
circulatory coflapse. Continuous electrocardiogram (ECG) monitoring will permit the early
diagnosis and treatment of cardiac arthythmia and comencement of ventilatory support
through oxygen therapy or positive pressure respisation,

1. RESPIRATORY
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Tachypnoca is ofien present. Dyspnoca is a common finding in scvere cascs, Respiralory
failure, the usual cause of death, reflects paralysis of the respiratory muscles, particularly
the diaphragm, due to a reflex stimulation of vagal aflerent fibers, Bronchial
hypersecretion and pulmonary ocdema may also be contributing factors. 34,47,49-50
Catecholamines in very Jarge doses may cause bricl pcnods of apnca. Thus, it scems that
the pathogenesis of respiratory failure is multifactorial, 30 r.sglralory arrest has been
occasionally obsceved following Centruroides sculpturatus sting.”® Most of the available
pathologicat data arc based on cxperimental envenomation, Thcsc studies cmphasized the
presence of different degrees of pulmonary oedema  with diffuse  parenchymal
hcmorrhagt:s.50

3. NEUROLOGIC

Central nervous system:

There is currently no experimental evidence that scorpion ncurotoxins can cross lhc
blood-brain barricr. However, some effects may indicate a direct action on the central
nervous system, such as the hyper-excitability and the restlessness, very oflen observed
cven in mild cascs.>! The high levels of catecholaminces relcased by the venom may also
provide some cxplanation for these symptoms. Coma can be present in scvere
chvenamation, mostly in children,

Pcriphcral nervous system

The peripheral nervous system is the main larget of scorpion neurotoxins, Most of the time,
their clinical cffects reflect the action of ncurotransmitiers, like acetylcholine and
catecholamines that are released by the action of the toxins.31-52

Aulonomic nervous system;

The autonomic ncrvous system includes parasympathetic and sympathetic pathways. Both
arc stimulated by scorpion venom. The most common parasympathetic manifestations are:
salivation, lachrymalion, gastric hyperdistention, diarrhoca, bradycardia and hypotension.
The main sympathetic effects are mydriasis, tachypnea, tachycardia and hyperiension. In
the course of the envenomation one cffect can be predominant, bul mixed effects are also
obscrvcg This is the reason for finding variable symptomalology as discussed by Freire-
Maia. 4

Skeletal and smooth muscle

Spasins, muscle contraction and twitches are duc to stimulation of skeletal musclc by the
venom, 53 3 These effects reflect the action of the toxins at a presynaplic level.54 The most
notorious ciffects on smooth muscle are abdominal pain and diarrhoca. The contraction and
or relaxation of smooth muscle of the intestine induced by the venom are due lo the relcase
of chemical medialors, such as acclylcholine and catecholamines; but other mediators such
as substance P could also be released 46

4. GASTROINTESTINAL

Excessive salivation, nausca and vomiting are characteristic features of scorpion
envenomation. Also, an increase in motility of the inlestine with diarrhoea is common.
Gastric hyperdistention is l‘mqucnlly observed. These effects are basically explained by the
peripheral action of the toxins on cholmc ic nerve fibers (vagus ncrve) which would act
through muscarinic and H2 receptors.33-38 Experimental data show a dramatic increase in
volume, acid and pepsin output of gastric juice and a significant decrease in its pH. From a
clinical point of view it is necessary to be very cautious with patients that suffer peptic
ulcers, Acute pancreatilis was reported in humans stung by the scorpion Tityus trinitatis
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and by Leiurus qyuinqvmz.wiarus.59‘62 It was suggested that this could be explained in pant
by the release of acetylcholine from pancreatic nerve endings. 93 Fletcher et al 64 proposcd
a mechanism that involves ion channcls (Na*, Ca2* and K in the case of Tityus
serrulatus venom,

S, MISCELLANEOUS

Skin contact: No cfect on intact skin,

Hepatic: The tiberated chemical mediators such as catecholamines ny 3' provoke increasc of
liver glycogenolysis, with a consequent hyperglycetnic effect in blood. 2,65

Urinary tract: In scvere envenomation urinary incontinence may be observed or uninary
retention,

Kidney: Tityus serrulatus decreased renal plasma flow, urine and sodium excretion in
dogs.%9 These effects could be duc to the release of catecholamines from renal nerve
endings.

Endocrine and reproductive system: No known cffects,

Hematologic: Longnecker reported that the venom of C.sculpturatus caused a sustained
platclet aggregation in dogs.67 One possible explanation is that the elease of
calecholamines induce platclet aggregation and this contributes to a dcfibrination
syndrome, However, the venom of C, limpidus limpidus does not scem to aflect platelet
aggregation in human blood (authors unpublished observations).

Immunologic: In very rare cases of repetitive exposuse, allergic rcactions have been
reported (authors unpublished observations).68

Mctabolic: A hyperglycemic cffect has been documnenicd in Centruroides envenomation,
The release of catecholaminces is expected to increase hepatic glycopenolysis (as mentioned
above) and at the same time inhibit insulin release,©?

Acid base disturbances; Blood acidosis associated with hypercapnia occurs in patients with
severe respiratory failure, or shock.50

Fluid and clectrolyte disturbances: Dehydration duc to vomiting, profuse sweating and
diarrhea must be carcfully monitored.

Pregnancy: A case of a pregnant woman ‘sﬁrst trimester) who aborted was reported
following a sting of Leiurus quinquestriatus.’! There is no information on Centruroides
specics in this respect, nor is there any information on possible foetal damage. However,
the toxins can polentiale the action of agonists such as acetylcholine, serolonin and
bradykinin enhancing the autorhythmic activity of the uterus.5!

V. PROPHYLAXIS

A. CIRCUMSTANCES OF STINGS AND HEALTH EDUCATION

In arcas endemic for dangerous scorpions il is suggested that shoes and clothes be shaken
out before dressing, Since scorpions are nocturnal animals, before going to slecp it is
recominended to look between covers, around the bed, walls and ceilings. There are some
architectural features of housing that are recomimended in order to avoid the eatrance of
scorpions into houses. The scorpions can not climb smooth and well-polished surfaces.
Mazzotti® recommends the use of screens on windows and a row of glazed tiles around the
outside walls of the house (including stairs) in arder to protect against scorpion invasion,
The children's bed can be protected by a gauge-cloth envelope.

Accidents occur with both dangerous and non-dangerous scorpions, either in rural or in
urban arcas. Many accidents take place in houses, buildings or schools, Some species of
Centruroides invade human dwellings, where they can get into shoces, clothing or inside
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furniture, They crawl on walls and ceilings, from where they can fall and sting people,
Frequently :fmplc are stung while picking up domestic objects containing the hidden
scorp:ons

In endemic arcas, pacticularly in the dark, it is reccommended not to touch unseen objects,
but use artificial light.

Additionally, it should be noted that most venomaus species of Centruroides are esistant
to commonly uscd home-insocticides.”2

B. PERSPECTIVES ON PRODUCTION OF A VACCINE
In the past, some attempls have been made to prepare a possible immunogen for
vaccination of experimental animals,’3 A toxic fraction of the venom from Centruroides
noxius was detoxificd with glutaraldehyde and was shown (o produce ncutralizing
antibodics in rabbits. Purificd antibodics proiected mice agamsl the lethal effect of the toxic
fraction (number I from Sephadex G-50 gel filtration).?d Detoxification of scorpion toxins
by acctylation was also rcported for pure toxins of Androctonus australis and Buthus
occitanus tunetanus by Dclori ct al, 74 These authors conclude that the use of fraction It
from Scphadcx G-50 is the most suitable substrate for obtaining a potent acetylated
analoxin that is capable of producmg ncutralizing antibodics against scvcral venoms of
Afncan scorpions. A mare recent review on this subject is also available.”S Hencine et
2.76 showed that iodination of fraction T2 from the venom of Tityus serrulatus abolishes
its icthal capacity, without changing its immunological propertics.

More recently, several synthetic peptides were prepared with amino acid sequences
corresponding to the primary structure of whale toxins and/or segments of the primary
structure of toxins of the scorpion Ceniruroides noxius for immunization purposes. 7 Some
peptides are immunogenic and produce neutralizing antibodies against the native toxin,
when injected in passive immunization protocols. Unfortunately, other peplides cause
hypersensitivity of preimmunized animals, when challenged dircctly with native toxin,
These experiments are in progress, and it is difficult to foresee, at this moment, the
possibility of a vaccine against scorpion venom.”8

Several questions should be addressed before a real vaccine can be obtained and applicd in
humans. The first question, only partially answered by the publications mentioned
above, 8 is the scloction of an adcquate antigen, i.c, homogeneous, nan-toxic, which can
be obtained in sufficient amounts with an acceptable grade of quality for human use. The
second question is the route of administration and the adjuvant needed, if any, The next
important question is to determine the levels of neutralizing<circulaling antibodies and the
duration of such levels after immunization. A scorpion sting is an acule event. The
envenomed organism nceds a prompt and efficicnt response, Further problems could be
presented by the need to prepare different antigens, according to different geographical
arcas of the world, or different species of scorpions living in the same area. Finally, an
outbred strain, like humans, are bound to present a wide varicty of differcnt responscs to
the same antigens.

Newer approaches, using cloned toxin-gencs 7782 and recombinant DNA techniques
might present an alternative strategy 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 than a dream, and scrotherapy continucs to be the
only choice for treatment of scorpionism,
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VL FIRST AID TREATMENT

PRINCIPLES AND RECOMMENDATIONS

Scotpion accidents constitule a significant problem, mainly in children under five years

old, and clderly and emaciated or malnourished adults. If not adequately treated, ofien

lethal conscquences, can result,

Unfortunately, there is no simple way for a medical doctor and the public to distinguish

between a dangerous and a harmless species. Several different specics can live in the same

location.

The following steps can be used in cases of scorpion sting:

¢ Immobilize the paticnt and the affected pan;

¢ Avoid incisions,

s A constriction bandage could be placed close to the site of sting, but the application of
tourniquets should be avaided,

¢ The use of local suction is recommeanded by some, but remains controversial, It is a
technique widcly accepled in Mcxico, where it appears cffective, based on anecdotal
cvidence. Suction is applied at the site of the sting (oral sucticn is very effective if
immediately applied, and providing there is no damage to the oral mucosa; the venom
must be spat out immedialely);

o Apply cold packs or immerse the stung arca in ice water for the first two hours
(intermittently) to help slow absorption;

¢ Oblain medical attention or transport to hospital;

o I the offending scorpion has been killed, take it with the victim to hospital for
identification.

The victim must be kept calm and warm, and given reassurance. Immobilize the affected
part in a functional position, Watch for any untoward reaction, and transpart the viclim to
the nearest medical facility as quickly as possible. On admission, local antisepsis must be
performed: give analgesics if pain is severe, Keep the paticnt under obscrvation for at least
4 hours. Tetanus prophylaxis is recommended although not mandatory,

Avoid incisions. The local extraction of venom by suction with the mouth through the
orificc made by the stinger is often recommended, but its efficacy is not proved. As litlle as
one microgram of purificd toxin is polent cnough to cause local anaesthesia in humans
with impainnent of movements (unpublished personal experience). A few tenths of
micrograms of purified material arc probably lethal to humans,

VIIL. CLINICAL MANAGEMENT

A. DIAGNOSIS

A patient describing a well documented history of scorpion sting presents no problem in
diagnosis. However, the possibility that thie victim could have being stung by a non
dangerous scorpion should be taken into consideration, Thus clinical observations ate of
utmost importance in confirming envenoming. With children under the age of four years
old it is common to hear them crying loudly, and it is also very common to miss the
offending scorpion, In this casc if there is sneezing and nasal pruritus one can suspect a
scorpion sling and consequent envenomation.
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B. TREATMENT
1, ANTIVENOM PRODUCTION
A recent review by Theakston and warrcli83, compn!cd addresses and names of most

Institutions around the world that produce scorpion antivenoms, which has been updated
for this chapter (sce also Table_, Chapter 17). The following countrics are reported to be
currently producing antivenom against scorpions: Algeria, Brazil, England, Germany,
India, Iran, Mexico, Morocco, South Africa, Tunisia, Turkey, U.S.A and Venezucta 83

In Mexico, Centruroides palyvalent antivenom is produced in horses by injecting with a
mixture of venom from the most important specics (C. noxius, C. | linpidus, C. |,
tecomanus, and C. suffusus suffusus). 1t is enzymatically digested and lyophilized, The
anlivenom cross-reacts with other Centruroides spp. venoms, and protects against all
venomous specics in Mexico, There are two producers of antivenom against Cenfruroides

species:

1.- Gerencia General de Biologicos y Reactivos. Health Ministry. M. Escobedo 20, C.P,
11400 Mexico D.F., Mcxico. Sucro Antialacran - ampoule with Iyophilized
immunoglobulins, One ampoule neutralizes 150 LD g in mice tested intraperitoncally.

2.« Laboratorios BIOCLON (before MYN, Zapata, and Grupo Phammna), Calzada dc
Tlalpan 4687, C.P. 14050 Mcxico D.F., Mcxico. Sucro Antialacran (Alacmmyn)
ampoule with lyopluhud 1mmunoglobulms Onc ampoule neutralizes 150 LDgg in mice
tested intraperitoncally. chnstcrcd Trademark of Bioclon, Mexico.

A third producer of antivenom is located in the USA. The antivenom from Anzona is
prepared in goats following immunization with venom of C. sculprurams The
lyophilized product is distribuled free throughout the state of Arizona, The mailing address
is: Antivenom Production Laboralory, Arizona Stale University, Tempe, Arizona 85281,
USA.

Other producers of antivenom.for scorpion stings in Lalin America, are:
Instituto Ezequicl Dias, Belo Horizonte « Minas Gerais, Brazil

Centro de Biotecnologia, Facultad de Farmacia Universidad Central, Caracas, Venczuela
The Centro de Biotecnologia in Venezucla prepares an antivenom against T:oms
discrepans (personal communication Dr. Jeanctte Scannone).

1. ANTIVENOM THERAPY

In Mexico specific treatrnent consists of the administration of Centruroides polyvalent
antiscrum, Its application will depend on the presence of two or more gencral symploms
listed previcusly (section I1V.B).

The quaatity of antivenom to be uscd is determined by the clinical symptoms and their
cvolution over time. The lyophilized immunoglobulins contained in the ampoules arc
dissolved in $ ml of watcr for injection. There is always uncertainty in the progression of
the envcnomation and it is almost impossible to predict the cvolution of the
symptomatology. Thus, in carlier stages of envenomation, one or two vials are cnough to
conlrol the symptoms. However, when the paticnt comes to the hospital in later stages of
envenomation it might be necessary Lo use up to four vials of antivenom. This is valid for
both children and adulls. In Mexico it is considercd advisable to adminisics an
antihistamine (i.c., chlorpheniramine) together with antivenom. Faster neutralizing effects
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are obtained if the intravenous youte of injection is used. Intramuscular injection of the
antivenom is also ¢fTective. The use of the antivenom is not recommended in the absence of
systcmic syjuploms of envenomation,

Currently there arc no uniform criteria for_ treatment of scorpion sting eavenamation,
Several reports are available in the litcrature. 7-9,37,41,44,57,58,85,86

in Mexico, from a total of 38,068 cascs of envenomation by Centruroides scorpions, the
application of antivenom (mixed with an antihistamiine} was rcported in 20,293 cascs8,
Skin tests, or other procedures, wecre not performed to  delermine  possible
hypersensitivitics, None of the paticats developed immediate allesgic reactions, No deaths
were recorded. Cases of late development of scrum sickness, although possible, were not
documented, mainly because the patients did not return to the hospital. The conclusion of
this work is that there is no doubt that the administration of antivenom is the most
important therapeutic measure in ncutralizing the circulating venom,

In Brazil, the group of Freire-Maia et al.%4 has reported treatment of 3,860 patients stung
by Tityus serrulatus with @ very high rate of success due (o the prompt use of antivenom,
The monality rate was 0.28%. All dcaths were in children, principally because of fate
admission to the hospital (3 or more Lours after the accident). The serotherapy consisted of
intravenous injection of 20 - 40 ml of antivenom from Butantan Institute, Sao Paulo,
Brazil 37,58 '

In Tunisia, specific antivenom is considered (he main therapeutic measure for scvere cascs
of envenomation by the scorpions Androctonus australis and Androctonus aeneas.83

In Isracl, Gueron and Ovsyshcher*! reported that antivenom therapy is of great value in
cascs of scvere envenomation by Leiurus quinquestriatus ot by Buthotus judaicus when it is
used in early stages of envenomation. Similarly, Hershkovich ef a/.86, used antivenom in
96% of 53 cases in which it was indicatcd. The offending scorpion was identificd as
Leiurus quinquesiriatus. Allergic reactions occurred in 4 cases, two of which developed
symptoms of anaphylaxis. Fortunately, none of these cases were fatal,

3. ROLE OF LABORATORY INVESTIGATIONS

Deitection of venom in biological fluids of the patient is very difficult, and is not a common
practice. Radiolabeled antibodics or immunocnzymatic assays are being prepared by some
laboratories for such purposcs, and might find future application in toxicological analysis.
In the initial steps of evaluating cnvenomation, standard blood tests are of very little value,
however in complicated cases arterial blood gas, scrum glucose, red blood cells and
amylase levels can be helpful for clinical treatment, il known,

4. EXAMPLES OF CLINICAL TREATMENT
The clinical cases reporied herc were taken from the records of the Red Cross in Leon,
Guanajuato, Mexico. '

Case |

Male, 4 months of age. The baby was in his bed and suddenly began to cry. The mother
picked him up and discovered a scorpion behind his head. Ten minutes later he was crying
very loudly and had excessive salivation, dyspnca, hyperexcitability, nystagmus, bronchial
secretions, tachycardia, respiratory failure, abdominal distension, mclcorism, ataxic
movements and profuse sweating, He was assessed medically 30 minutes afler the sting,
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The pulse ratc was 170, respiration 34, white ceils 7.5x 1097 with 5% cosinophils, glucose
142 (normal 60 - 100 mg/dl) (his last fecd was 4 hours before). Treated wilh intravenous
fluids and antivenom (only onc vial) plus chlorpheniramine intravenously, symptoms
disappcarcd after 3 hours.

Casc 2

Female, 48 years. Patient stung twice on her hand. Within five minutes she felt intense
pain, local hyperesthesia, stanuncr, photaphobia, excessive salivation and scnsation of hair
in the throat. Al the hospital her arterial pressure was 160/110, pulse rate 102, respication
28, and there was ocular redness, Laboratory tests: Glucose 212 mg/dl (normal 60 - 100
mg/dl) with glucosuria. Antivenom was given by intravenous roule 30 minutes afler the
sting. Recovery completed within two hours. The patient was sent (0 a diabetic clinic to
investigale possible diabetes mellitus (later analysis indicated that she was not diabetic).

Casc3

Female, 8 years, Patical stung in her hand 45 minutes carlicr. On admission to the hospital
she had intense pain at the site of the sting, hyperacsthesia, pruritus, nasal pruritus, nasal
secrction, salivary sccrction, scnsation of hair in the throat, cough, bronchorrhea, nausca
and vomiting, abdominal pain, tachycardia and hyperexcitability. Treated with one vial of
antivenom intravenously plus chlorpheniramine, Recovery was complete within three
hours. ‘

In all the above cascs, the offending scorpion was paositively identified as Centruroides
infamatus infamatus.

5. OTHER ISSUES IN TREATMENT

Other medical measurements are;

» Fluid and electrolyte monitoring (appropriate administration of intravenous Muid,
when requirced);

o Support of cardiorespiratory functions by contro! of blood pressure, monitoring vital

signs, resting in Fowler position;

Aspiration of nasopharyngeal sccretions;

Correction of acid - base balance disturbances;

Tetanus prophylaxis;

Treatment of pain with non-central nervous system depressing analgesics, such as

acetaminophen,

e  Precautions, in order to avoid bronchial aspiration by the paticnt when vomiting,

Atropine, neostigmine and stcroids have been used in the past for treatment of scorpion
cnvenomation, but they have not been proved to be of important clinical valuc in
Ceniruroides and Tityus cases, Experimental data showed that atropine might potentiate
the hypertensive effect and increase the severity of the pulmonary ocdema induced by
scorpion toxin in the rat.43 However, if there is severe bradycardia (secondary to sinus
arrest or any kind of atrioventricular block), atropine should be given (0.05 - 0.1 mp/kg).
Application of drugs such as barbiturates or narcolics might increase central respiralory
depression in scorpion envenomation,
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TABLE 1: PARTIAL STATISTICAL DATA OF SCORPION STINGS IN MEXICO

YEAR GUANAJUATO* MORELOS NAYARIT MORTALITY

1981 6649 n.c. n.c. 0
1982 8044 ne. ne. 1
{983 7342 n.c. 1759 17
1984 7928 1564 1068 25
1985 7289 2641 1063 8
1986 7989 3042 1206 7
1987 nc. 3775 1510 !
1988 n.c. 3661 1109 6
1989 n.c. nc 1814 0
TOTAL 45,241 14,683 9,529 65

GLOBAL 69,453
* Only Red Cross Hospital and one clinic of IMSS (Mexican Institute of Social Sccurity) in
Leon, Guanajuato, n.c.= not compiled.

FIGURE CAPTIONS

Fig. 1: Geographical Distribution of Mesican Scorpions Dangerous to Humans
The Mexican States are indicated by numbers, while the scorpion specics by various
graphic representations (sce legend).

Fig. 2: Representative Pbotos of Mexican Scorpions

In A adult female of the specics Centruroides limpidus limpidus, B: adult fcmale of
Centruroides noxius, C. adult Vejovis mexicanus, while D is a young Hadrurus
concolorous, The two latter ones are non dangerous (o man,

Fig. 3: Primary Structure of Scorpion Toxins

These amino acid sequences were taken from the indicated references (13-14), where the
abbreviations corvespond to: Cn, C. noxius, Css, C. suffusus suffusus, Clt, C. limpidus
tecomanus, CsE, C. sculpturatus, Cll, C. limpidus limpidus, and NTX to noxiustoxin,
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Toxin Amino acid sequence of Na* channcl blockers!3

l 10 20 30 40 50 60 66
Cn2

KEGYLVDKNTGCKYECLKLGDNDYCLRECKQQGYKGAGGYCYAFACWCTHLYEQAIV
WPLPNKRCS
Cssll

KEGYLVSKSTGCK YECLKLGDNDYCLRECKQQYGKSSGGYCYAFACWCTHLYEQAVV
PLPNKTCN
Citl

KEGYLVNHSTGCKYECFKLGDNDYCLRECRQQYGKGAGGYCYAFGCWCTHLYEQAVV
WPLPNKTCS
Cnl

KEGYLVELGTGCKYECFKLGDNDYCLRECKARYGKGAGGYCYAFGCWCTQLYEQAVY
WPLKNKTCR

CsEl
KEGYLVKKSDGCK YDCFWLGKNEHNTCECKAKNQGGSYGYCYAFACWCEGLPESTPTY

PLPNK-CS

CsE2 :
KEGYLVNKSTGCKYGCLKLGENEGNKCECKAKNQGGSYGYCYAFACWCEGLPESTPTY

LPNK-CSS
CsEJ -
KEGYLVKKSDGCKYGCLKLGENEGCDTECKAKNQGGSYGYCYAFACWCEGLPESTPTY
LPNKSC-

CsEIKDGYLVEK-
TGCKKTCYKLGENDFCNRECKWKHIGGSYGYCYGFGCYCEGLPDSTQTWPLPNK-CT

Cnl KDGYLVDA-
KGCKKNCYKLGKNDYCNRECRMKHRGGSYGYCYGFGCYCEGLSDSTPTWPLTNKTC-

Toxin Amino acid sequence of K* channcl blockers 14

l 10 20 Jo 39
Cn NTX TINVKCTSPKQCSKPCKELYGSSAGAKCMNGKCKCYNN
Cnil-10.2 TFIDVKCGSSKECXP...
Cli 11-10.11.4 TVINVKCTSPKQCLLPCKQI...
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