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celulas secretoras de veneno (SC) e as suas vesiculas (seta). Células epiteliais (EC). Xylidine
Ponceau. D) Maior aumento do epitélio evidenciando as células secretoras de veneno (SC) e as
suas vesiculas (seta). Células epiteliais (EC). Azul de Toluidina. E) Corte evidenciando as
células glandulares (GC) e os granulos (seta) entre as células epiteliais (EC). Hematoxilina e
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das células secretoras de veneno (seta) e Células epiteliais (EC). Hematoxilina e Eosina. F)
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Fig. 3. Fotomicrografia da estrutura morfologica do ferrdo de Potamotrygon scobina. A)
Imagem da espécie Potamotrygon scobina. B) corte transversal do ferrdo indicando a
localizacdo das células secretoras de veneno (seta) no tecido epitelial (ET). Tecido conjuntivo
(CT) e regido mineralizada (MR). Hematoxilina e Eosina. C) maior aumento do epitélio
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Fig. 4. Fotomicrografia da estrutura morfologica do ferrdo de Plesiotrygon iwamae. A) Imagem
da espeécie Plesiotrygon iwamae. B) corte transversal do ferrdo indicando a localizacdo das
células secretoras de veneno (seta) no tecido epitelial (ET). Tecido conjuntivo (CT) e regido
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(BM). Hematoxilina e Eosina. G) corte histoloégico que mostra a conexdo (C) entre a regido
mineralizada (MR) e 0 tecido conjuntivo (CT). Hematoxilina e
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ANALISE HISTOLOGICA DOS FERROES DE RAIAS EM SOURE/ ILHA DO

MARAJO
Adna santos ?

# Laboratorio de Biologia Celular e Molecular, Universidade Federal do Para, Soure ,PA, CEP

68870-000, Brasil

E-mail: adna.keilla2@gmail.com

Resumo

As raias s@o animais que quando pisoteados possuem um movimento reflexo de
cauda, que ocasiona grave acidente com seu ferrdo. Como representantes podemos citar a
familia Dasyatidae e a Potamotrygonidae, sendo essa Ultima pertencente ao ambiente dulcicola.
No municipio de Soure, na ilha do Marajé no estado do Para- Brasil, todo ano apresenta
registros de acidentes com esses animais. Devido a gravidade das lesbes e a importancia
médica relacionada, é relevante entender o funcionamento celular nesse processo, estudando a
morfologia dos ferrdes das raias e analisar a diferenca entre elas. Para isso os aguilhdes foram
removidos das espécies estudadas e fixados em formalina 10%. Posteriormente, foram
descalcificados em solugcdo contendo EDTA 5% para realizacdo dos procedimentos
histoldégicos e depois analisados no microscopio de luz. Através das analises microscopicas as
espécies Dasyatis guttata, Potamotrygon orbignyi, Potamotrygon scobina e Plesiotrygon
iwamae apresentaram ferrdo com organizagdo celular semelhante, no entanto as células
secretoras de veneno estavam presentes em regides diferentes do epitélio de animais dulcicolas
e marinhos, além disso, esse tecido apresentou constituicdo fragil, podendo maximizar a
gravidade dos acidentes. Foi possivel visualizar uma conexdo entre a regido 6ssea e o tecido

conjuntivo e ver estruturas semelhantes a medula 6ssea na regido mineralizada. Dessa forma



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Xi

estudos de caracterizacdo dos ferrdes € um passo importante para entender sobre 0 mecanismo
de defesa desses animais.

Palavras-chave: Agua doce, Marinha, Raias, Veneno; Morfologia.

Abstract

The Stingray are animals that when trampled underfoot have a reflex movement of
tail, which causes serious accident with its stinger. As representatives we can mention the
family Dasyatidae and Potamotrygonidae, the latter belonging to the freshwater environment.
In municipality of Soure, on the island of Marajo, in the state of Para in Brazil, every year
presents records of accidents with these animals. Due to the severity of the injuries and the
related medical importance, it is relevant to understand the cellular functioning in this process,
studying the morphology of the stinger of the stingrays and to analyze the difference between
them. For this, the stinger were removed from the studied species and fixed in 10% formalin.
Subsequently, they were decalcified in a solution containing 5% EDTA for histological
procedures and then analyzed by light microscope. Through microscopic analysis the species
Dasyatis guttata, Potamotrygon orbignyi, Potamotrygon scobina and Plesiotrygon iwamae
presented stinger with similar cellular organization, however, venom secreting cells were
present in different regions of epithelium of freshwater animals and marine animals. In
addition, this tissue has a fragile constitution, what can maximize the severity of accidents. It
was possible to visualize a connection between the bone region and connective tissue and to see
structures similar to the bone marrow in the mineralized region. Thus studies of stinger
characterization is an important step to understand about the defense mechanism of these
animals.

Keywords: Freshwater, Marine, Stingray, Poison, Morphology.
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1. INTRODUCAO

As raias sdo animais venenosos que estdo relacionados a muitos acidentes com seres
humanos (Garrone Neto & Haddad, 2010; Sampaio, 2014). Esses animais possuem grande
distribuicdo. As marinhas, por exemplo, da familia Dasyatidae podem ocorrer em toda a costa
Brasileira, ja a familia Potamotrygonidae pertence exclusivamente ao ambiente dulcicola e pode
ser encontrada na maior parte dos sistemas fluviais da América do Sul tropical (Rosa, 1985).

A familia Potamotrygonidae a principio pertencia ao ambiente marinho e ao género
Himantura (familia Dasyatidae) a aproximadamente 20 milhdes de anos atras, no Mioceno
(Lovejoy, 1996). Contudo em aguas da Ameérica do sul, a familia Potamotrygonidae,
desenvolveu adaptacBes osmoticas e hoje vivem em ambientes dulcicolas (Thorson, 1967).

E frequente a ocorréncia de acidentes envolvendo esses animais nos rios da bacia
amazonica e esse € um dos principais motivos pelo qual esses animais sdo temidos (Charvet-
Almeida et al., 2002; Carvalho et al., 2003). Por possuirem o habito bentonico, se enterra no
substrato e ao serem pisadas na regido dorsal giram a cauda que contem o ferrdo em direcéo ao
agressor introduzindo o aguilhdo (Sampaio, 2014).

Os acidentes provocados por peixes recebem o nome de Ictismo que pode ser
sarcotoxico, isto &, através da ingestdo de toxinas presentes em 6rgdos e no proprio tegumento
dos animais, ou acantotoxico quando é através da mordida ou ferroada, sendo esse ultimo
mecanismo utilizado por raias (Funasa, 2001).

A ferrada provoca intensa acdo inflamatoria (Antoniazzi et al., 2011). Isto
provavelmente por que as raias possuem ferrdes que sdo pequenas estruturas dérmicas que
contem serrilhas nas laterais e estes estdo localizados na regido dorsal da cauda. O aguilhdo
ainda possui um sulco glandular contendo células de veneno, presente na regido interna das

laterais (Carvalho et al., 2003).
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Existem poucos trabalhos de descricdo do aguilhdo de raias apesar dos inimeros
acidentes ocasionados por esses animais, diante disso, o objetivo desta pesquisa é analisar a

morfologia do ferrdo e comparar entre as espécies marinhas e dulcicolas capturadas no municipio

de Soure localizado no estado do Para em Brasil.

2. MATERIAL E METODOS
2.1 OBTENCOES DE AMOSTRAS BIOLOGICAS

Os ferrdes foram coletados de trés amostras diferentes das espécies:
Potamotrygon scobina, Potamotrygon orbignyi, Plesiotrygon iwamae e Dasyatis guttata, em
Soure, (S00°44'32,4”;W048°3024,9”) PA. (Sob licenca fornecida pelo sistema sisbio/icmbio

n°® 60966-1) Através de armadilha fixa chamada “Curral”.
2.2 HISTOLOGIA

Apos a coleta o material foi fixado em solugdo contendo formol 10% e levados ao
laboratério de biologia celular e molecular da Universidade federal do Para. Depois de 24h no
fixador as amostras foram submetidas ao processo de descalcificacdo em EDTA 5%. O ferréo
foi fragmentado e a regido apical foi desidratada e embebida em parafina histolégica na
orientacdo transversal (Pedroso et al., 2007), para posteriormente serem analisados ao

microscépio éptico.
2.3 HISTOQUIMICA

Os cortes foram submetidos as coloracBes Hematoxilina e Eosina para uma visao
geral do tecido, Xylidine Ponceau para verificar a presenca de proteinas totais e azul de

Toluidina para analise de agucares acidos e acidos nucleicos presentes nas células.

24 FOTOMICROGRAFIA
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A micrografia foi obtida a partir de um microscépio optico Nikon (eclipse E200)

equipado com uma camera digital e software de analise S-EYE (v. 1.3.2.297).

3. RESULTADOS

3.1 CAPTURA DE ANIMAIS

Foram capturados 34 animais no periodo de 20 de Abril de 2017 a 20 de Outubro
de 2018 no municipio Soure na ilha de Marajé no estado do Para- Brasil. E todos foram
identificados a nivel de espécie. A identificacdo dos animais foi baseada nos trabalhos de
Lasso et al. (2013) e Gomes et al. (2010) onde foi possivel identificar quatro espécies, trés
pertencentes a raias fluviais e uma Unica espécie marinha. Sendo 14 animais coletados da
espécie Potamotrygon orbignyi, 10 de Potamotrygon scobina, 8 de Plesiotrygon iwamae e

apenas 3 de Dasyatis guttata.

3.2 HISTOLOGIA GERAL

Os resultados demonstraram que a estrutura do ferrdo da espécie marinha
Dasyatis guttata (Fig. 1 A) é composta por uma regido éssea localizada no centro do
aguilhdo, ao seu redor se encontra o tecido conjuntivo e mais externamente uma cobertura de

tecido epitelial (Fig. 1B).

No epitélio estdo presentes as células secretoras de veneno (Fig. 1C-D) que
geralmente tendem a se localizar préximas as serras laterais do ferrdo, essas células possuem
vesiculas de formato Fusiforme em seu citoplasma e sdo compostas de material proteico (Fig.

1C).

As demais células epiteliais apresentam formato arredondado e no espaco entre as
células é possivel observar granulos de secrecdo. As células glandulares sdo outro tipo celular

presente no epitélio (Fig. 1E).
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Ainda foi possivel observar um tipo celular que morfologicamente é muito
semelhante com as células glandulares, porem é menor, possui um nucleo lateralizado e as

moléculas do interior dessas células parecem estar contidas em uma Unica vesicula (Fig. 1F).

Foi possivel observar que tanto o epitélio de animais marinhos quanto o de
animais dulcicolas é fragil, pois na maioria das coletas em campo os ferrdes ndo se
apresentavam com o tecido totalmente preservado, e ao manusear se soltavam com facilidade.
Nos cortes histoldgicos dessas regides observou-se que em areas onde ndo havia epitélio, o

tecido conjuntivo associado ao 0sso estava preservado.

A estrutura 6ssea do ferrdo possui organizacdo com medula dssea (Fig. 1G) e

apresenta uma regido de conexao entre a area mineralizada e o tecido conjuntivo (Fig. 1H).
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Fig. 1. Fotomicrografia da estrutura morfoldgica do ferrdo de Dasyatis guttata. A) Imagem da
espécie Dasyatis guttata. B) Corte transversal do ferrdo indicando a localizacdo das células
secretoras de veneno (seta) no tecido epitelial (ET). Tecido conjuntivo (CT) e regido
mineralizada (MR). Hematoxilina e Eosina. C) Maior aumento do epitélio evidenciando as
celulas secretoras de veneno (SC) e as suas vesiculas (seta). Células epiteliais (EC). Xylidine
Ponceau. D) Maior aumento do epitélio evidenciando as células secretoras de veneno (SC) e
as suas vesiculas (seta). Células epiteliais (EC). Azul de Toluidina. E) Corte evidenciando as
células glandulares (GC) e os granulos (seta) entre as células epiteliais (EC). Hematoxilina e
Eosina. F) Corte histolégico com enfoque na célula glandular que apresenta uma Unica
vesicula delimitando substancias presentes no interior da célula (seta). Hematoxilina e Eosina.
G) Regido mineralizada (MR) com estrutura de medula 6ssea (BM). Hematoxilina e Eosina.
H) corte histoldgico que mostra a conexdo (C) entre a regido mineralizada (MR) e o tecido
conjuntivo (CT). Hematoxilina e Eosina.

Os resultados demonstraram que o ferrdo da espécie dulcicola Potamotrygon
orbignyi (Fig. 2A) é composto de uma regido mineralizada localizada no centro do aguilhéo,
ao redor dessa regido se encontra o tecido conjuntivo e mais externamente uma cobertura feita
pelo tecido epitelial (Fig. 2B), 0 mesmo ocorre para as espéecies Potamotrygon scobina e
Plesiotrygon iwamae (Fig. 3B, Fig. 4B).

Nessas espécies dulcicolas as células secretoras de veneno sdo alongadas,
possuem vesiculas fusiformes em seu citoplasma e armazenam material proteico (Figs. 2C-D,
3C-D, 4C-D). Ja as demais células do tecido epitelial secretoras de muco possuem um
formato mais arredondado e ndo armazenam conteudo proteico (Figs. 2C-D, 3C-D, 4C-D),
outro tipo celular frequente nesses animais sdo as células glandulares, que sdo descritas na
literatura como células garrafais devido ao formato alongado e uma possivel conexdo para

fora do epitélio (Figs. 2E, 3E, 4E). As células especializadas na producdo de veneno em
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animais de agua doce se distribuem por todo o epitélio que recobre o ferrdo e ndo tem uma
regido de concentracdo preferencial especifica.

A regido mineralizada possui estruturas semelhantes a medula 6ssea (Figs. 2F, 3F,
4F) que contem diversas células e ainda apresenta uma forte conexao com o tecido conjuntivo
(Figs. 2G, 3G, 4G). Observou-se também que o tecido conjuntivo € bastante vascularizado e

possui hemécias nucleadas.

A

Fig. 2. Fotomicrografia da estrutura morfologica do ferrdo de Potamotrygon orbignyi. A)
Imagem da espécie Potamotrygon orbignyi. B) corte transversal do ferrdo indicando a
localizagdo das células secretoras de veneno no tecido epitelial (ET). Tecido conjuntivo (CT)

e regido mineralizada (MR). Hematoxilina e Eosina. C) maior aumento do epitélio
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evidenciando as células secretoras de veneno (SC) vesicula das células secretoras de veneno
(seta) e as células epiteliais (EC). Azul de Toluidina. D) maior aumento do epitélio
evidenciando as células secretoras de veneno (SC), vesicula das células secretoras de veneno
(seta) e as células epiteliais (EC). Xylidine Ponceau. E) corte evidenciando as células
glandulares (GC). Vesiculas das células secretoras de veneno (seta) e Células epiteliais (EC).
Hematoxilina e Eosina. F) Imagem em maior aumento da regido mineralizada (MR). E
possivel observar estruturas semelhantes a medula 6ssea (BM). Hematoxilina e Eosina. G)
corte histolégico que mostra a conexdo (C) entre a regido mineralizada (MR) e o tecido

conjuntivo (CT). Hematoxilina e Eosina.

A

Fig. 3. Fotomicrografia da estrutura morfolégica do ferrdo de Potamotrygon scobina. A)
Imagem da espécie Potamotrygon scobina. B) corte transversal do ferrdo indicando a

localizacédo das células secretoras de veneno (seta) no tecido epitelial (ET). Tecido conjuntivo
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(CT) e regido mineralizada (MR). Hematoxilina e Eosina. C) maior aumento do epitélio
evidenciando as células secretoras de veneno (SC) e as celulas epiteliais (EC). Azul de
Toluidina. D) maior aumento do epitélio evidenciando as células secretoras de veneno (SC),
vesicula das células secretoras de veneno (seta) e as células epiteliais (EC). Xylidine Ponceau.
E) corte evidenciando as células glandulares (GC). Vesiculas das células secretoras de veneno
(seta) e Células epiteliais (EC). Hematoxilina e Eosina. F) maior aumento da regido
mineralizada (MR). Sendo possivel observar estruturas semelhantes a medula 6ssea (BM).
Hematoxilina e Eosina. G) corte histoldgico que mostra a conexdo (C) entre a regido

mineralizada (MR) e o tecido conjuntivo (CT). Hematoxilina e Eosina.

Fig. 4. Fotomicrografia da estrutura morfologica do ferrdo de Plesiotrygon iwamae. A)

Imagem da espécie Plesiotrygon iwamae. B) corte transversal do ferrdo indicando a
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localizacdo das células secretoras de veneno (seta) no tecido epitelial (ET). Tecido conjuntivo
(CT) e regido mineralizada (MR). Hematoxilina e Eosina. C) maior aumento do epitélio
evidenciando as células secretoras de veneno (SC) e as celulas epiteliais (EC). Azul de
Toluidina. D) maior aumento do epitélio evidenciando as células secretoras de veneno (SC),
células glandulares (GC) e as células epiteliais (EC). Xylidine Ponceau. E) corte evidenciando
as células glandulares (GC) e as Células epiteliais (EC). Hematoxilina e Eosina. F) maior
ampliacdo da regido mineralizada (MR). Sendo possivel observar estruturas semelhantes a
medula 6ssea (BM). Hematoxilina e Eosina. G) corte histologico que mostra a conexdo (C)
entre a regido mineralizada (MR) e o tecido conjuntivo (CT). Hematoxilina e Eosina.
3.3 RESULTADOS HISTOQUIMICOS

Reac0es histoquimicas indicaram que as células secretoras de veneno, presente no
epitélio dos ferrbes, respondem positivamente ao corante XP evidenciando a presenca de
proteinas totais (Figs. 1C, 2D, 3D, 4D). Além disso, o citoplasma das células apresentou
positividade ao corante AT (Figs. 1C, 2D, 3D, 4D) indicando a presenca no citoplasma dessas
células de carboidratos &cidos e ou ainda grande atividade de sintese proteica, evidenciada
pela presenca do mRNA citoplasmatico.

4. DISCUSSAO

As espécies Dasyatis guttata, Potamotrygon orbignyi, Potamotrygon scobina e
Plesiotrygon iwamae apresentam ferrdo com organizacdo celular semelhante, isto €, todas elas
possuem uma regido mineralizada no centro ligado ao tecido conjuntivo que externamente

esta associado a um epitélio.

Em animais de agua salgada as células especializadas na producéo de veneno se
localizam proximo as serrilhas laterais e formam agregados (Dehghani et al., 2010). Ja nas
espécies dulcicolas hd uma distribuicdo das células secretoras de veneno por toda a extensao

do epitélio. Ambas as espécies apresentam vesiculas no interior das células de formato
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fusiforme e também possuem substéncias proteicas evidenciadas pela reacdo positiva quando

submetidas ao corante Azul de Bromofenol (Dehghani et al., 2010; Pedroso et al., 2007).

De fato, essas células apresentam essa morfologia e sdo ricas em conteddo
proteico como foi evidenciado pelo corante XP na presente pesquisa. Segundo Russell (1965)
componentes presentes no veneno da raia Urolophus halleri seriam a Serotonina, 5
nucleotidase e Fosfodiesterase identificados a partir de estudos com eletroforese em disco.
Além das proteinas podemos dizer que outro constituinte das células especializadas sdo 0s
carboidratos &cidos, visto que quando submetidas & coloragdo com o AT reagiram
positivamente. No entanto ndo foi possivel caracterizar essas moléculas, nem mesmo
estabelecer a atividade metabélica de proteinas e aguUcares, um passo importante para a
compressdao dos mecanismos de funcionamento do veneno nos processos inflamatérios.

Estudo que deve ser realizado em pesquisas futuras.

As raias fluviais e marinhas possuem células epiteliais ndo especializadas na
producdo de veneno, que possuem um formato arredondado e s&o caracterizadas como células
de muco que contem muitos granulos de secrecdo em seu citoplasma (Dehghani et al., 2010 ;
Pedroso et al., 2007). Nas analises microscopicas foi possivel observar que esses granulos se
encontram também no espago extracelular.

Acredita-se que as células produtoras de muco presentes no epitélio dos peixes
possuem diversas fungdes, como a locomocgédo do animal, pois diminui o atrito com a &gua o
que pode gerar reducdo dos gastos de energia (Shephard, 1994). Estudos realizados com muco
da raia Hypanus americanus demonstraram atividade antimicrobiana contra o fungo Candida
albicans. Além disso, ao ser injetado na pata de camundongos foi possivel observar uma forte
acdo inflamatdria e o aparecimento de edema, que estdo relacionados a acdo de peptidases e

peptideos derivados de proteinas (Coelho et al., 2019).
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Outro tipo celular bastante frequente no epitélio que recobre o ferrdo desses
animais sdo as células glandulares, que foram descritas como células garrafais por
apresentarem um formato alongado e uma conexdo para fora do epitélio, mas em geral sdo
células grandes que contem proteina hialina e sé foram descritas por Pedroso et al. ( 2007) em
animais dulcicolas. No entanto, essas células podem conter um formato arredondado e conter
acucares em sua composicdo. Esse mesmo tipo celular também foi encontrado na espécie
Dasyatis guttata.

Durante a pesquisa outro tipo de célula glandular foi identificado, que é menor,
em relacdo ao outro tipo de celula glandular tipica. Apresenta um nucleo na lateral da célula e
uma Uanica vesicula ocupando o citoplasma armazenando algum tipo de secre¢do, com
constituicdo provavel de proteinas e de carboidratos.

Poucos autores descrevem a regido 0ssea do ferrdo, Pedroso et al. (2007) apenas
cita ser uma regido mineralizada. No entanto, foi possivel identificar que tanto animais
marinhos quantos animais dulcicolas possuem estruturas semelhantes a medula Ossea.
Ademais, essa estrutura pode ter como fun¢éo a producéo de células sanguineas (Junqueira &
Carneiro, 2013). Além de que, a regido 6ssea possui conexdo com o tecido conjuntivo,
evidenciando que apesar do tecido epitelial ser um tecido relativamente fragil, existe uma

regido que conecta o tecido conjuntivo & regido 6ssea.

Os diferentes graus de gravidade dos acidentes envolvendo animais de dgua doce
e marinha pode ser explicada pela ampla distribuicdo do veneno no epitélio (nas de agua
doce), enquanto que em animais marinhos se encontra restrito a regides especificas (Pedroso
etal., 2007).

No caso das raias de agua doce as células secretoras de veneno se distribuem
estrategicamente por todo o epitélio, 0 que demonstra uma estratégia de defesa diferente das

raias marinhas que possuem celulas de veneno somente proximo as estruturas em forma de
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serra do ferrdo. Isso pode estar relacionado aos ambientes onde esses animais habitam. Pois
antes eles vivam no mesmo ambiente a aproximadamente 20 milhGes de anos atrds no
Mioceno (Lovejoy, 1996), contudo familia Potamotrygonidae se diversificou em &guas da
América do sul e para isso teve que desenvolver adaptacdes para o ambiente dulcicola
(Thorson, 1967).

Contudo, outros fatores devem ser levados em consideracédo para determinacgéo da
gravidade do acidente, ja que pode ocorrer diferenca na toxicidade entre as espécies de raias,
que podem ainda estar relacionadas a maturidade sexual e o sexo do animal (Monteiro dos
santos et al., 2019).

5. CONCLUSOES

Dessa forma podemos dizer que € dificil avaliar a gravidade dos acidentes com
raias de agua doce ou salgada somente considerando a quantidade e a posicdo das células de
veneno. Pois como foi dito, outros fatores podem influenciar. No entanto, é notorio que todos
0s animais estudados tém um padrdo morfoldgico semelhante de ferrdo, apesar de suas
peculiaridades, e que o tecido que recobre o ferrdo apresenta constituicdo fragil, podendo
maximizar a gravidade dos acidentes. Entretanto, o tecido conjuntivo é fortemente conectado
a regido dssea.

Na regido de Soure a maioria dos acidentes esta, provavelmente, relacionada a
animais de agua doce. Uma vez que a maioria das espécies capturadas foi dulcicola, o que

pode justificar a gravidade dos acidentes.
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION
[TOXICON] has an open access mirror journal, [TOXICON: X]

Official Journal of The International Society on Toxinology (http://www.toxinology.org/), Toxicon's
"aims and scope" are laid down in the journal as:

To publish:

e articles containing the results of original research on problems related to toxins derived from
animals, plants and microorganisms

e papers on novel findings related to the chemical, pharmacological, toxicological, and immunological
properties of natural toxins

e molecular biological studies of toxin and other genes from poisonous and venomous organisms that
advance understanding of the role or function of toxins

e clinical observations on poisoning and envenoming where a new therapeutic principle has been
proposed or a decidedly superior clinical result has been obtained. Toxicon will not accept single-case
reports unless they describe new, previously unreported, clinical features; envenomings or poisonings
by rare animals, plants, fungi or microorganisms for which there is little or no clinical information
in the literature; or treatment that employs a new therapeutic principle for which effectiveness
is convincingly demonstrated. Such case reports must include: (1) expert species identification;
(2) meticulous clinical documentation of symptoms, signs, laboratory data, treatment and clinical
outcomes; (3) originality (adding to knowledge of the clinical phenotype); (4) where feasible,
photographic documentation of clinical signs.

e material on the use of toxins as tools in studying biological processes and material on subjects
related to venom-antivenom problems

e articles on the translational application of toxins, for example as drugs and insecticides

e epidemiological studies on envenoming or poisoning, so long as they highlight a previously
unrecognised medical problem or provide insight into the prevention or medical treatment of
envenoming or poisoning. Retrospective surveys of hospital records, especially those lacking species
identification, will not be considered for publication. Properly designed prospective community-based
surveys are strongly encouraged.

e articles describing well-known activities of venoms, such as antibacterial, anticancer, and analgesic
activities of venoms, without any attempt to define the mechanism of action or purify the active
component, will not be considered for publication in Toxicon

e review articles on problems related to toxinology.

And
To encourage the exchange of ideas, sections of the journal may be devoted to Short Communications,
Letters to the Editor and activities of the International Society on Toxinology.

Toxicon strives to publish articles that are current and of broad interest and importance to the
toxinology research community. Emphasis will be placed upon articles that further the understanding
and knowledge of toxinology.

Full-Length Research Papers: Articles containing the results of original research on problems
related to toxins derived from animals, plants and microorganisms.

Short Communications: Short communications differ from full manuscripts only in that the research
study does not lend itself to an extended presentation. Even though brief, the Short communication
should represent a complete, coherent and self contained study. The quality of Short Communications
is expected to be as good as that of full articles, and both full articles and Short communications will
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be refereed in an identical manner. The form is identical to that for a full article except that the report
should not be divided into Introduction, Materials and Methods, Results and Discussion. An abstract
of not more than 75 words should be provided. The Short Communication may not be longer than five
double-spaced typewritten pages (not including references, tables and figures) and should include
not more than two tables of two figures or one of each.

Correspondence: These may be published if judged by the Editor to be of interest to the broad field
of toxinology or of special significance to a smaller group of workers in a specialized field of toxinology.
They should be headed * Correspondence ' which should be followed by a title for the communication.
Names of authors and affiliations should be at the end of the letter.

Reviews and Short Reviews: Articles of interest to toxinologists which are published in journals
other than Toxicon may be abstracted in the Reviews section of Toxicon. Readers who feel that a
particular article or book should be abstracted in this section are encouraged to bring their opinions to
the attention of one of the Review Editors. Mini-Reviews and proposals for mini-Reviews are welcome

Case reports: Toxicon will publish clinical reports on poisoning where a new therapeutic principle
has been proposed or a decidedly superior clinical result has been established. Please observe the
following: Case Reports Guidelines.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Human and animal rights

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans; Uniform Requirements for manuscripts submitted to
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Biomedical journals. Authors should include a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights of human subjects must
always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the
care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors
should clearly indicate in the manuscript that such guidelines have been followed. For all experiments
involving humans or animals, details of the appropriate ethics committee approval(s) must be
provided

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors should complete the declaration of interest
statement using this template and upload to the submission system at the Attach/Upload Files step.
If there are no interests to declare, please choose: 'Declarations of interest: none' in the template.
This statement will be published within the article if accepted. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.
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Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Authors wishing to publish open access can choose to publish open access in [TOXICON: X] [https://
www.journals.elsevier.com/toxicon-x/], the open access mirror journal of [TOXICON]. One, unified
editorial team manages the peer-review for both titles using the same submission system. The authors
choice of publishing model will determine in which journal, [TOXICON] or [TOXICON:X], the accepted
manuscript will be published. The choice of publishing model will be blinded to referees, ensuring the
editorial process is identical.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.
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Submit your article
Please submit your article via https://ees.elsevier.com/toxcon/default.asp. Please note that one,
unified editorial team manages the peer-review for both [TOXICON] and [TOXICON:X] using the same
submission system

The Editors welcome submissions by the authors of the names and addresses of up to five individuals
who could expertly review the paper, and who are not from the same institutions as the authors. The
Editors reserve the right to use these or other reviewers.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and has consecutive line numbering- this is
an essential peer review requirement.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.
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Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Experimental

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Experimental procedures

All animal experiments should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, the European Communities Council Directive of
24 November 1986 (86/609/EEC) or the National Institutes of Health guide for the care and use
of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should clearly
indicate in the manuscript that such guidelines have been followed. All animal studies need to
ensure they comply with the ARRIVE guidelines. More information can be found at http://
www.nc3rs.org.uk/page.asp?id=1357.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 X
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.
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If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/toxicon

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwjo98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Authors should ensure that they are using the most up-to-date taxonomic description of any animal
or plant described in their manuscript.For some taxa, up-to-date taxonomic information is readily
available online (e.g., for spiders at http://www.wsc.nmbe.ch). For new, unidentified,or potentially
cryptic species, a voucher specimen should be deposited in a natural history museum, or other facility,
as appropriate.

Authors are encouraged to use rational nomenclature for all toxins described in their manuscript. Ad
hoc naming schemes only serve to introduce confusion and make it difficult to compare toxins and
establish evolutionary relationships. Suggested nomenclature has been published for spider toxins
(King et al., Toxicon 52, 264-276, 2008; PMID 18619481), centipede toxins (Undheim et al., Mol. Biol.
Evol.31, 2124-2148, 2014; PMID 24847043),sea anemone toxins (Oliveira et al., Toxicon 60, 539-550,
2012; PMID 22683676), and some classes of scorpion toxins (Tytgat et al., Trends Pharmacol. Sci.
20, 444-447, 1999;PMID 10542442).
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Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).
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Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail (the PDF
file is a watermarked version of the published article and includes a cover sheet with the journal cover
image and a disclaimer outlining the terms and conditions of use). For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via Elsevier's Author Services.
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AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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