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José Alberto Castro (1933-2024)

Hijo de inmigrantes gallegos llegados a Argentina a principios del siglo pasado, su vida puede resumirse en
la de una voluntad (heredada de sus padres) inclaudicable por concretar sus suefios y comprometerse con los
suefios (y problemas) de sus afectos. Joven inquieto, con no poco esfuerzo pudo graduarse en la Licenciatura
en Quimica (FCEN-UBA) a fines de los cincuenta y unos afios después doctorarse allf también.

Una beca de CONICET le permitié realizar una estadia de algo méas de un afio en el Laboratorio de Farmaco-
logia Quimica, en el National Heart and Lung Institute, dependiente del National Institutes of Health (NIH)
en EE.UU. Esta formacién defini6 su perfil como toxic6logo y fue asf que a su regreso (nuestro regreso) al pafs
pudo conformar un laboratorio de investigacién en la entonces CITEFA. Asf empezd la historia del CEITOX.
El apoyo sostenido por casi treinta afios del National Institutes of Health mediante subsidios para la linea
principal de investigacion del laboratorio (y en tltima instancia, madre de todas las demas), “Mecanismo de
la hepatotoxicidad del tetracloruro de carbono”, fue un reconocimiento a la originalidad de su investigacién,
en tiempos donde la comprension de los mecanismos basicos de la toxicidad de las sustancias quimicas estaba
definiéndose en el mundo.

En muchas de esas ocasiones me tocé ver algo muy particular y notorio para un hijo respecto de su padre; fue
darme cuenta del respeto y consideracién que su persona tenia en sus pares, que solo lo conocfan por su trayec-
toria cientifica a través de su trabajo o por su cruzada permanente por llevar los temas de nuestra especialidad
que preocupan a los pafses subdesarrollados, a los foros cientificos del primer mundo. En cierto modo, esta
voluntad lo llevo a interesar a sus colegas a fundar la Sociedad Argentina de Toxicolog{a, precursora de nuestra
asociacién.

Reconocimientos a nivel nacional, como el premio de la Fundacién Konex en 1993, el de CEDIQUIFA en 1996
o internacionales como el Merit Award de la Unién Internacional de Toxicologfa en 2001 o las invitaciones
para escribir reviews o capitulos en libros constituyen pruebas de una valoracién por su persona y trayectoria
que no fue conseguida precisamente mediante las relaciones publicas. Para alguien de cardcter tan frontal y
poco polite como el suyo, no era algo que se diera con fluidez.

De una lectura rapida de la resefia de su vida profesional podra interpretarse que la suya no es una biografia
estandar en el 4mbito de la ciencia, que no fue una persona de hacer concesiones por conveniencia y que tuvo
una voluntad inquebrantable para conseguir aquello que sofaba (Castro 2014). Esto siempre le trajo varios
problemas con otros pero también fue el factor aglutinante de muchas amistades sinceras que lo acompafaron
en lavida.

Este obituario me movié a recordar historias y anécdotas de mi padre. Muchas me tuvieron como testigo o
como participe, fueron tantos afios juntos... . Como él nos dijera alguna vez en una sobremesa en casa a mamay
ami, “somos socios en la vida” iEs que hemos compartido todo! La vida familiar y 1a profesional, en las buenas
y en las malas. Para colmo, al no haber formado yo una familia propia, en los tltimos afios de ambos me volvi
un poco en padre de mis padres, acompafidndolos y cuidindolos en la vejez y sus achaques.

Los tiempos mas felices fueron aquellos cuando los tres trabajabamos en el CEITOX, no solamente por el pla-
cer de investigar junto con mis viejos, pensar experimentos, discutir resultados (en el laboratorio y en casa) sino
también por todas aquellas oportunidades compartidas conociendo lugares hermosos en los viajes por congre-
sos. Pero la vida es un viaje con un final...y ese final llegd. Lo disfrutamos mucho juntos y ahora me quedan los
buenos recuerdos. Descansa en paz padre.

Dr. Gerardo Daniel Castro
Castro, JA. (2014). “Segiin pasan los arios” en la Toxicologia. Ciencia e Investigacién — Reserias, 2(1): 6-24.
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TRABAJO ORIGINAL

Hepatotoxic effects of low-concentration exposure to the
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) in adult male
zebrafish (Danio rerio)

Efectos hepatotodxicos de la exposicion a bajas concentraciones del herbicida acido
2,4-diclorofenoxiacético (2,4-D) en peces cebra machos adultos (Danio rerio)

Oliveira, Breno Raul Freitas!; Soares Neto, José Ribamar?; Davico, Carla Eliana?; Moreira, Daniele Hummel 2; Pinheiro, Lucas Cezar?2;
Pereira, Aline Guimaraes !; Izidio, Geison Souzal-2*

1Graduate Program of Developmental and Cellular Biology, Center of Biological Sciences, Federal University of Santa Catarina, Floria-
noépolis, Brazil. 2Graduate Program of Pharmacology, Center of Biological Sciences, Federal University of Santa Catarina, Florianépolis,
Brazil. 88.040-900, Floriandpolis, SC, Brazil. Phone: (55) 48 3721 2816.

* geisonizidio@gmail.com; g.izidio@ufsc.br

Recibido: 26 de enero de 2025
Aceptado: 27 de abril de 2025

Editor: Gabriela Rovedatti

Abstract. 2,4-Dichlorophenoxyacetic acid (2,4-D) is an herbicide widely used around the world. It has been detected in water samples, with
a half-life ranging from 15 to 300 days depending on environmental conditions. This study aimed to investigate the effects of a commercial
formulation containing 2,4-D on oxidative stress markers, as well as on liver histopathological and histochemical parameters, in adult male
Danio rerio for 7 days. The results revealed structural and vascular lesions in the livers of zebrafish across all groups exposed to 2,4-D (at
concentrations of 0.03, 0.3 and 3.0 mg/L). Analysis of the Histopathological Alteration Index suggests severe (3.0 mg/L) or moderate (0.03
and 0.3 mg/L) liver impairment in zebrafish exposed to 2,4-D. Exposure to the herbicide also led to a reduction in acid polysaccharides
(0.03 and 3.0 mg/L) and glutathione (GSH) levels (at concentrations of 0.03 and 3.0 mg/L), and increased levels of the oxidized glutathi-
one (GSSG) (at concentrations of 0.03 and 0.3 mg/L). No significant changes in lipid peroxidation levels were observed. These findings
suggest that as little as 7 days of exposure to permissible concentrations of 2,4-D (0.03 mg/L) or higher (0.3 and 3.0 mg/L) can negatively
affect biochemical, histochemical, and histopathological parameters, as well as the integrated biomarker response index in the liver of adult
zebrafish. This study provides the first evidence of the hepatotoxic effects of the herbicide 2,4-D in adult male Danio rerio.

Keywords: Ecotoxicology; Pollution; Pesticide; Liver; Histopathological; Aquatic environment.

Resumen. Acido 2,4-Diclorofenoxiacético (2,4-D) es un herbicida ampliamente utilizado en todo el mundo. Se ha detectado en mues-
tras de agua, con una vida media que varia entre 15 y 300 dias dependiendo de las condiciones ambientales. Este estudio tuvo como
objetivo investigar los efectos de una formulacién comercial que contiene 2,4-D sobre los marcadores de estrés oxidativo, asf como sobre
los parametros histopatolégicos e histoquimicos del higado en machos adultos de Danio rerio durante 7 dfas. Los resultados revelaron
lesiones estructurales y vasculares en los higados de los peces cebra en todos los grupos expuestos al 2,4-D (a concentraciones de 0,03,
0,3y 3,0 mg/L). El analisis del Indice de Alteracién Histopatoldgica sugiere un deterioro hepéatico severo (3,0 mg/L) o moderado (0,03
y 0,3 mg/L) en los peces expuestos al 2,4-D. La exposicién al herbicida también condujo a una reduccién en los polisacéridos &cidos
(0,03 y 3,0 mg/L) y en los niveles de glutatién reducido (GSH) (a concentraciones de 0,03 y 3,0 mg/L), asf como a un aumento en los
niveles de glutatién oxidado (GSSG) (a concentraciones de 0,03 y 0,3 mg/L). No se observaron cambios significativos en los niveles de
peroxidacion lipidica. Estos hallazgos sugieren que tan solo 7 dfas de exposicién a concentraciones permitidas de 2,4-D (0,03 mg/L) o
superiores (0,3 y 3,0 mg/L) pueden afectar negativamente los pardmetros bioquimicos, histoquimicos e histopatolégicos, asi como el
indice de respuesta de biomarcadores integrados en el higado de peces cebra adultos. Este estudio proporciona la primera evidencia de
los efectos hepatotéxicos del herbicida 2,4-D en machos adultos de Danio rerio.

Palabras clave: Ecotoxicologia; Contaminacién; Pesticida; Higado; Histopatologia; Medio acuatico.
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INTRODUCTION

Large-scale agricultural production has historically re-
lied on pesticide application to address the challenges
associated with pest control and soil degradation, both
of which threaten crop productivity (Moraes 2019). In
recent decades, pesticide sales have significantly in-
creased, with global consumption reaching 3.7 million
tons of active ingredients annually (FAO 2022). Only
in Brazil, over 800 thousand tons of pesticides were
sold in 2022 (IBAMA 2023). Due to their intensive
use, pesticides can negatively impact health and the
environment through soil and water contamination,
harming non-target plants and animals. This reduc-
es biodiversity and affects living organisms, including
humans (FAO 2022). Among the classes of pesticides,
herbicides are the most widely used and are intended to
control weeds (Gupta 2019).
2,4-Dichlorophenoxyacetic acid (2,4-D) is a widely
used herbicide globally and ranks as the second most
sold pesticide in Brazil IBAMA 2023). This compound
belongs to the class of phenoxyacetic acids and serves
as the primary active ingredient in over 1,500 chemi-
cal formulations (Islam et al. 2018). Known for its high
selectivity in targeting dicotyledonous plants, 2,4-D is
applied as a pre- and post-emergent systemic herbicide
across various crops. Acting as a growth regulator, it
mimics the plant hormone auxin, disrupting normal
growth processes and ultimately leading to plant death
(Martins et al. 2024). Despite being one of the earliest
herbicides developed and a former component of Agent
Orange, a defoliant widely used during the Vietnam
War and subsequently banned due to its toxic effects, its
high efficacy and low cost continue to render it a com-
mercially viable option (Islam et al. 2018).

Due to its extensive and widespread use, 2,4-D con-
centrations have been detected in both surface and
drinking water in several countries (Herndndez et al.
2011; Rodil et al. 2012; Ensminger et al. 2013; Yam-
ini and Saleh 2013; Tsaboula et al. 2016; Martins et al.
2024). In aquatic environments, the half-life of 2,4-D
can range from 15 to 300 days, depending on environ-
mental conditions (Islam et al. 2018), raising increas-
ing concerns about the contamination of water bodies
and the exposure of non-target organisms to this envi-
ronmental pollutant. Brazilian regulatory agencies have
been detecting the occurrence of 2,4-D in water sam-
ples from surface and groundwater sources, as well as
in drinking water (CETESB 2018; PEVASPEA 2023),
raising concerns about its presence and potential toxic
effects on non-target organisms.

Research on the toxicity of 2,4-D has historically con-
centrated on several key areas, including herbicide re-
sistance or tolerance, occupational risk, neurotoxicity,

Acta Toxicol. Argent. (2025) 33(1): 4-16

and the effects on non-target species (Zuanazzi et al.
2020). Among non-target organisms, fish are excel-
lent bioindicators of environmental contamination, as
they are sensitive to different types of pollutants and are
frequently used in xenobiotic-induced toxicity studies.
Some studies have shown that different fish species are
susceptible to 2,4-D toxicity, whose documented effects
include alterations in biochemical, morphophysiologi-
cal and behavioral parameters (DeQuattro and Karasov
2016; Ruiz de Arcaute et al. 2016; Dehnert et al. 2019).
Among fish, the zebrafish Danio rerio stands out as a
widely used model in areas such as toxicology, phar-
macology and neuroscience. Studies using early stages
of embryonic and larval development of zebrafish, in
short periods of exposure, showed toxic effects induced
by 2,4-D during development, which include decreas-
es survival of zebrafish embryos and larvae, changes in
hatching rates, different types of malformations, such
as pericardial and yolk sac edema, as well as neurolog-
ical and behavioral changes (Dehnert et al. 2019; Gaa-
ied et al. 2020; Martins et al. 2021).

In addition to its impact on normal development, the
liver is recognized as one of the organs affected by the
herbicide 2,4-D. However, most studies investigating
the hepatotoxic effects of this herbicide have focused
on rodent models or on different fish species exposed
to high concentrations of 2,4-D, and in many cases, the
sex of the fish used was not specified (Neskovic et al.
1994; Cattaneo et al. 2008; Matviishyn et al. 2014).
Because liver detoxification systems in fish are largely
driven by hormonal regulation, liver metabolism may
differ between males and females, making it important
to discriminate the hepatotoxic effects of 2,4-D by con-
sidering the sex of the animal. For example, estrogen in
females can up- or down-regulate certain enzymes in
the liver, leading to differences in how toxins are me-
tabolized (Nebert and Dalton 2006). Moreover, studies
on 2,4-D-induced hepatoxicity in zebrafish are scarce,
limited to one study conducted at early stages of de-
velopment in this model (Martins et al. 2021). During
these early periods, protective systems are not fully
developed, making embryos and larvae particularly
susceptible to toxic effects that may be specific to a par-
ticular developmental stage (Phelps et al. 2020). This
increased sensitivity complicates the extrapolation of
findings to later developmental stages or other species.
Therefore, there is a gap in knowledge regarding the
hepatotoxic potential of 2,4-D in adult fish, especially in
the zebrafish model.

Given the high commercialization volumes of 2,4-D in
Brazil and worldwide, its persistence in the environ-
ment, and its detection in rivers and lakes, it is evident
that concerns persist regarding the contamination of
non-target organisms through water bodies, particular-
ly the potential for liver damage (Martins et al. 2024),
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which may lead to the development of various diseas-
es, including hepatitis, fibrosis, steatosis, cirrhosis, and
hepatocellular carcinoma (Elufioye and Habtemariam
2019). The aim of the study was to investigate the ef-
fects of a commercial formulation containing 2,4-D on
liver histopathological and histochemical parameters,
oxidative stress markers, and the integrated biomarker
response (IBR) index in adult male D. rerio.

MATERIALS AND METHODS

Animals

Adult male fish of the species Danio rerio were obtained
from aquarium stores in Santa Catarina. They were ac-
climated for two weeks in the vivarium of the Feder-
al University of Santa Catarina (UFSC). The fish were
housed at a stoking density of 1 gram (g) of fish per liter
(L) under standardized laboratory conditions. These
conditions included dechlorinated and filtered water, a
controlled temperature (27 + 1 °C), a light-dark cycle
of 14-10 h. They were fed twice a day with commercial
fish food (composition: 46% protein, 6% fat, 1.8% fiber
and 9.5% inorganic matter - Ca, F and Mg). Water pa-
rameters were monitored daily and maintained within
the following ranges: pH 7.0 (+ 0.5), 0 ~ 0.25 ppm of
toxic ammonia (NH3), and 0.001 ~ 0.01 ppm of nitrite
(NO2). The conditions for housing the animals, as de-
scribed above, were in accordance with the Ethics Com-
mittee on Animal Use — UFSC (protocol approved by
CEUA / UFSC No. 6778251119).

Herbicide

The commercial formulation U46 BR (Nufarm Chem-
ical and Pharmaceutical Industry S/A), containing
806.0 g/L of 2,4-D, was utilized in the experiments. The
dilution was prepared using dechlorinated and filtered
water, taking into account the concentration of 2,4-D in
the formulation.

Experimental Procedures

After the acclimatization period, the animals were ran-
domly divided into 4 groups (n = 35/group): a control
group (0.0) and groups exposed to 2,4-D at concentra-
tions of 0.03, 0.3, and 3.0 mg/L. The designated expo-
sure duration was 7 days, due to a lack of literature on
the effects of 2,4-D after this duration of exposure. On
the 4th day of exposure, the water was completely re-
placed by a new solution containing the same concen-
trations of 2,4-D corresponding to each experimental
group, ensuring continued exposure to the herbicide. At
the end of the 7th day of exposure, the male specimens
were euthanized for liver collection. Euthanasia was
conducted by immersing the specimens in eugenol at a
concentration of 75 mg/L of water. All procedures were

executed in accordance with Normative Resolution No.
37 of the National Council for the Control of Animal
Experimentation (CONCEA).

Biochemical Analysis

Liver samples (consisting of 5 livers/sample) were
thawed (n=6/group), homogenized in phosphate buf-
fer (0.3 M, pH 7.4), and subsequently centrifuged (10
min, 10,000 rpm, 4 °C). The resulting supernatant
was used to determine protein concentration, reduced
glutathione (GSH) levels, oxidized glutathione (GSSG)
levels, lipid peroxidation (LPO) levels, and NADPH ox-
idase activity. Protein concentration (mg/mL) was de-
termined by the Bradford method (Kruger 1994), with
bovine serum albumin as standard, in an Infinite M200
TECAN microplate reader, measuring absorbance at
595 nm. GSH and GSSG levels were measured as pre-
viously described (Rahman et al. 2007). Briefly, GSH
reacts with dithionitrobenzoic acid (DTNB) to form a
conjugate (GSH-TNB), which was measured by spec-
trophotometry at 412 nm, using a GSH concentration
curve as the standard. The GSSG measurement was
based on its reduction to GSH by glutathione reduc-
tase, which reduces all GSSG to GSH. Subsequently,
free GSH levels were measured using a reaction with
DTNB. To calculate GSSG, the GSH measurement was
subtracted by GSH measurement after glutathione re-
ductase, this difference was the GSSG concentration
(Huber et al. 2008). The end product of lipid peroxi-
dation, malondialdehyde (MDA), was measured in
tissue homogenates through its reaction with thiobar-
bituric acid (TBA), forming a pink-colored fluorescent
complex. The MDA produced was determined by the
fluorescence of the MDA-TBA complex, with excitation
at 515 nm and emission at 553 nm, using MDA as the
standard (Ohkawa et al. 1979). To evaluate NADPH
oxidase enzyme activity, 1.25 puL of 10 mM lucigenin
were inserted per well, together with NADPH buffer
(50 mM PBS, 0.01 mM EDTA, pH 7.40). An initial
reading was taken to determine the background signal.
Then, 25 pL of 10 mM NADPH were added per well,
and continuous readings were taken for 15 min at 37
°C to evaluate luminescence (Janiszewski et al. 2002).

Histological Analysis

For using light microscopy analyzes, liver samples were
dissected, fixed in alcoholic Bouin solution for 24 h and
subsequently preserved in 70% ethanol (n = 3/group).
Following this, the samples were dehydrated in an as-
cending ethanolic series 70% - 100%, clearing in xylene
and embedding in paraffin. Tissue sections of 6 pm
thickness were obtained using a Leica RM2255 rotary
microtome at the “Laboratério Multiusuério de Estu-
dos em Biologia” (LAMEB). The resulting slides were
then subjected for staining techniques with Hematoxy-



lin and Eosin (HE), and Toluidine Blue (TBO).

For morphological analyses of the liver samples, 10
photomicrographs were analyzed per animal, totaling
30 photos per group. Evaluations were performed by
calculating the Histological Alteration Index (HAI),
which considers the frequency and severity of each
histological change (lesion). Lesions were categorized
into progressive stages based on tissue function impair-
ment, following the criteria outlined by Poleksic and
Mitrovic-Tutundzic (1994), using the formula:

HAI =100 %I+ 10 X + 102 2

21 31 and X™ represent the total number of changes ac-
cording to their respective stage, while 10°, 104, and 102
are the factors used to calculate the HAI, based on the
severity of the injury. HAI values ranging from 0 to 10
indicate normal organ function; 11 to 20 suggest slight
damage; 21 to 50 indicate moderate damage; 50 to
100 indicate severe damage, and values exceeding 100
indicate irreversible tissue damage, as adapted from
Poleksic and Mitrovic-Tutundzic (1994). The stained
sections were photographed using an Olympus BX41
upright microscope, and images were captured with the
Q-imaging 3.3-megapixel color digital camera and the
Q-imaging Q-capture Pro 5.1 image capture software.
Slides stained with TBO were used to examine the his-
tochemical profile of acidic polysaccharides, employ-
ing integrated density analysis with ImageJ software
(Schneider et al. 2012; Hartig 2013). In this analysis,
the photomicrograph is converted to an 8-bit grayscale,
and squares of defined area were employed for all mea-
surements. These squares were randomly positioned
within the image, and six areas of 4588.23 um2 each
were measured in each section. The data were then ex-
tracted and plotted using GraphPad Prism statistical
software for further analysis.

Integrated Biomarkers Response (IBR)

The Integrated Biomarker Response (IBR) is a tech-
nique used in ecotoxicological studies to analyze and
integrate the responses of different biomarkers in or-
ganisms exposed to environmental stressors, and it was
determined according to Beliaeff and Burgeot 2002.
Based on the data collected for the different biomark-
ers analyzed in this study [Reduced glutathione levels
(GSH), Oxidized glutathione levels (GSSG), NADPH
oxidase activity (NADPH), Thiobarbituric Acid Reac-
tive Substances (TBARS), Integrated density of acidic
polysaccharides by toluidine blue-stained sections, and
Histopathological Alteration Index (HAID)], the values of
each biomarker in liver of fish exposed to 2,4-D (0.03,
0.3, and 3.0 mg/L) were compared to the mean of the
control group. Subsequently, the logarithm of each ratio
[Log(Yi+1)] was calculated, followed by the determina-
tion of the mean (u) and standard deviation (o). The
logarithmized values (Yi) were standardized to com-
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pare the responses of the different biomarkers using the
formula [Zi = (Yi-w)/o]. Then, the difference between
the standardized values of the exposed groups (Zi) and
the control group (Zo) was calculated for each biomark-
er (A = Zi — Zo). The resulting difference value (A) was
used to represent the deviation of each biomarker in the
different experimental groups subjected to 2,4-D rela-
tive to the control group, using a radar graph. The IBR
index was then obtained by summing all the absolute
values of A for the different biomarkers for each experi-
mental group (IBR =} | Ail).

Statistical Analysis

Results are presented as mean + standard error. The
data were subjected to the Kolmogorov-Smirnov nor-
mality test, and outliers were identified using the ROUT
method. Identified outliers resulted in the removal of the
respective animal from the analysis. Statistical analyses
were performed using one-way Analysis of Variance
(ANOVA), followed by Tukey’s post-test, in GraphPad
Prism version 8.0.2 software. Differences were consid-
ered significant at p<0.05. Study images were captured
using Adobe Photoshop CS6 software.

RESULTS

Effects induced by 2,4-D on markers of oxidative
stress in the liver

Exposure to the herbicide 2,4-D induced changes in
the levels of the GSH in the liver of zebrafish [F(3,19)
= 8.247, p<0.001], resulting in decreased GSH levels
in the 0.03 and 3.0 mg/L groups of 2,4-D (p<0.01).
The levels of the GSSG were also affected by 2,4-D
[F(3,18) = 4.404, p<0.05], with significant increases
observed in the groups exposed to 0.03 and 0.3 mg/L
of 2,4-D (p<0.05). While evaluating the activity of the
NADPH oxidase enzyme in the liver, no significant dif-
ferences were found compared to the control group, but
rather between the groups exposed to 2,4-D [F(3,20)
= 3.124, p<0.05], where the 0.3 mg/L group exhibit-
ed higher activity compared to the 0.03 mg/L group
of 2,4-D (p<0.05). Regarding lipid peroxidation levels
(expressed as MDA), no changes were observed in the
liver of zebrafish after exposure to the 2,4-D herbicide
(Figure 1).

Histopathological and histochemical changes in
the liver after exposure to 2,4-D

The histopathological analysis of the liver of adult male
zebrafish D. rerio is shown in Figure 2. The normal
liver structure primarily comprises hepatocytes, blood
vessels, and blood cells traversing these vessels (Fig-
ure 2A). In zebrafish exposed to concentrations of 0.03,
0.3 and 3.0 mg/L of 2,4-D, structural and vascular le-
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Figure 1. Oxidative stress markers in the liver of adult male zebrafish (Danio rerio), control and exposed to 2,4-D
(0.03; 0.3; 3.0 mg/L) for 7 days. A) GSH (reduced glutathione) (mmol mg Pt*); B) GSSG (oxidized glutathione)
(mmol mg Pt1); C) NADPH oxidase (RLU/mg); D) MDA (malondialdehyde) (mmol mg Pt). (a)Significantly
different (p < 0.05) from control evaluated by ANOVA followed by Tukey post-test.

Figure 2. Histopathological changes in liver tissue of adult male zebrafish (Danio rerio), control and exposed to 2,4-D
(0.03; 0.3; 3.0 mg/L) for 7 days. (A) Control; (B) Exposed to concentrations of 0.03 mg/L of 2,4-D with the presence of
cytoplasmic vacuoles (thin arrow) and cellular hypertrophy (thick arrow); (C and D) Fish exposed to a concentration of 0.3
mg/L of 2,4-D. In (C) there is the presence of vacuoles (thin arrow), deformation in the morphology of the nucleus (dashed
arrow) and cellular hypertrophy (thick arrow) and in (D) we observe hyperemia (thick arrow) and tissue disarray (dashed
circle); (E and F) Fish exposed to 3.0 mg/L 2,4-D. In (E) hemorrhage (thick arrow) and loss of cell boundaries (thin arrow)
are observed, and in (F) points of necrosis are observed in the tissue (thick arrows). Color: HE. Bar scale: 50 pm.
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Table 1. Frequency table of histopathological lesions according to their stage in the liver of adult
male zebrafish (), control and after exposure to the herbicide 2,4-D (0.03; 0.3; 3.0 mg/L) for 7 days.
- = Absent or rarely frequent; + = Infrequent; ++ = Moderately frequent; +++ = Very frequent.

Groups (mg/L)
Histological changes Stage
Control 0.03 0.3 3.0
Vacuolation | + ++ 4+ +++
Tissue disarray | + ++ ++ 4+
Cytoplasmic hypertrophy | + + ++ 4+
Nuclear hypertrophy I - + + +
Nuclear deformation | - ++ ++ ++
Cell membrane rupture | - + + ++
Sinusoidal expansion | + ++ + +
Hyperemia (vascular
| + + ++ ++
congestion)
Bleeding 1 - + ++ ++
Necrosis 11 - - - ++

sions were observed in the liver tissue. The predomi-
nant lesions included vacuolization, cellular and nucle-
ar hypertrophy, nucleus deformation, tissue disarray,
sinusoid dilation, hyperemia and in some instances,
hemorrhages and necrosis (Figures 2B-F). No deaths
of zebrafish were found in any of the groups evaluated
in the study.

Histopathological analyses of zebrafish livers exposed
to 2,4-D demonstrated an increase incidence of tissue
lesions compared to the control group (Table 1). Calcu-
lation of the Histopathological Alteration Index (HAI)
revealed a significant difference [F(3,8) = 7.60; p<0.01]
of the 3.0 mg/L 2,4-D group compared to the control
group (p<0.01) and also compared to the other exposed
groups (p<0.5). The HAI of the control group indicates
healthy liver function (range of 0 to 10), the 0.03 and
0.3 mg/L groups exhibited higher values within the
range of 20 to 50, indicating moderate liver tissue dam-
age. Notably, the group exposed to 3.0 mg/L demon-

strated an HAI value exceeding 100, indicating that the
organ presents irreparable tissue damage and suggest-
ing a serious impairment of the organ (Figure 3).

The analysis of acidic polysaccharides through TBO
labeling demonstrated that exposure to 2,4-D can
affect the levels of these molecules in the liver of ze-
brafish [F(3,716) = 47.27, p<0.001]. It was observed
that the groups exposed to 0.03 and 3.0 mg/L of 2,4-D
showed a decrease in relation to the control group
(p<0.001). Additionally, the 3.0 mg/L of 2,4-D group
exhibited lower levels of acidic polysaccharides com-
pared to the other groups exposed to 2,4-D (p<0.001,
for both groups) (Figure 4).

Integrated Biomarker Response (IBR) analysis

The IBR results shown in the radar graph indicate that
all exposed groups (0.03, 0.3, and 3.0 mg/L of 2,4-D)
exhibited changes in the biomarkers analyzed in the liv-
er of adult male zebrafish after 7 days. The deviations in
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Figure 3. Histopathological Alteration Index (HAI) of the liver
of adult male zebrafish (Danio rerio), control and exposed to
the herbicide 2,4-D (0.03; 0.3; 3.0 mg/L) for 7 days. The red
dotted lines delimit each range (0 to 10 - healthy; 11 to 20 -

mild damage; 21 to 50 - moderate damage; 50 to 100 - severe

damage and above 100 - irreparable damage). Data are
presented as means + SEM. Significantly different (p < 0.05)
from control (a), (b) 0.03 mg/L 2,4-D, and (c) 0.3 mg/L
2,4-D evaluated by ANOVA followed by Tukey's post-test.
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Figure 5. Integrated Biomarker Response (IBR)
values for each biomarker evaluated in the liver of adult
male zebrafish (Danio rerio), in control and groups
exposed to the herbicide 2,4-D (0.03, 0.3, and 3.0
mg/L) for 7 days. Biomarkers: Reduced glutathione
levels (GSH), Oxidized glutathione levels (GSSG),
NADPH oxidase activity (NADPH), Thiobarbituric
Acid Reactive Substances (TBARS), Integrated density
of acidic polysaccharides in toluidine blue-stained
sections, and Histopathological Alteration Index
(HAI). For the control group, the IBR value = 0.

Figure 4. Integrated density graph of acidic
polysaccharides labeled with toluidine blue in
hepatocytes of adult male zebrafish (Danio rerio),
control and exposed to the herbicide 2,4-D (control,
0.03, 0.3, and 3.0 mg/L) for 7 days. Data are presented
as means + SEM. Significant differences (p < 0.05)
from the control are indicated by (a), from 0.03 mg/L
2,4-D by (b), and from 0.3 mg/L 2,4-D by (c), as
determined by ANOVA followed by Tukey's post-test.

biomarker levels, both positive and negative, were more
pronounced for the oxidative stress biomarkers GSH and
GSSG, suggesting thatthey arethe mostsensitiveto 2,4-D
exposure and indicative of increased oxidative stress.
The IBR index values were 7.54, 4.23, and 5.96 for the
groups exposed to 0.03, 0.3, and 3.0 mg/L of 2,4-D,
respectively. These findings suggest that the highest IBR
index, reflecting the greatest modulation of biomarkers,
was observed in the group exposed to the lowest con-
centration tested (0.03 mg/L), followed by the highest
concentration (3.0 mg/L) of 2,4-D (Figure 5).

DISCUSSION

In this study, we demonstrated for the first time that the
herbicide 2,4-D significantly impacts the liver of adult
male D. rerio, affecting its biochemical, histochemical,
and histopathological parameters.

In the present study, oxidative stress markers, histo-
pathological and histochemical parameters, as well as
IBR index were used to assess the impact of short-term
exposure to low concentrations of a commercial 2,4-D
formulation on the liver of adult male D. rerio. Hepato-
toxic compounds can disrupt cellular processes by caus-
ing reducing antioxidant levels, and oxidative stress,
promoting cell and liver tissue damage, which can lead
to the development of liver disease (Elufioye and Habte-




mariam 2019). The safety of 2,4-D is a topic of ongoing
research and debate. Regulatory agencies like the Envi-
ronmental Protection Agency (EPA) and World Health
Organization (WHO) have determined that, when used
according to approved guidelines, 2,4-D poses minimal
risk to human health. However, its safety can depend
on various factors, including exposure levels and indi-
vidual susceptibility. Studies suggest that long-term or
high-level exposure to 2,4-D may lead to health risks,
including histopathological damage to different organs
and disruption of the endocrine system (Wisconsin De-
partment of Health Services 2023).

In the liver tissue of adult male zebrafish, our results
showed that 2,4-D exposure led to a decrease in GSH
levels in the groups exposed to 0.03 and 3.0 mg/L of
2,4-D, along with an increase in GSSG levels in the
groups exposed to 0.03 and 0.3 mg/L of 2,4-D. These
findings suggest that 2,4-D induces the generation of
oxidative molecules, causing the liver to utilize GSH
to neutralize and mitigate oxidative damage. Simul-
taneously, the increase in GSSG reflects the oxidation
of GSH during this protective process. The GSH mol-
ecule, vital for xenobiotics metabolism and cellular
defense against oxidative stress (Huber et al. 2008),
executes its protective function by promoting the re-
duction of reactive oxygen species (ROS), such as
hydrogen peroxide and superoxide anion. GSH un-
dergoes oxidation and is converted into GSSG. Subse-
quently, GSSG is regenerated back into GSH through
the catalytic cycle (Huber et al. 2008). These findings
are consistent with other studies on various fish spe-
cies that examined the effects of commercial formula-
tions of the herbicide 2,4-D. These studies linked 2,4-D
exposure to increased oxidation or the production of
oxidative by-products, leading to elevated ROS levels
and alterations in antioxidant enzymes and molecules
across different fish organs (Oru¢ and Uner 2000;
Oruc et al. 2004).

Another important aspect is that, in addition to act-
ing against oxidative stress, GSH also plays a key role
in the metabolism of xenobiotics. This occurs through
its conjugation with xenobiotics via the enzyme glu-
tathione-S-transferase (GST), which renders these
compounds less toxic and more water-soluble, thereby
facilitating their elimination (Huber et al. 2008; Chow-
dhury and Saikia 2020). Exposure to 3.0 mg/L of 2,4-D
caused a decrease in GSH but did not change the lev-
els of GSSG and NADPH, suggesting that this decrease
may be due to the formation of GSH/xenobiotic conju-
gates and their elimination.

Liver tissue serves several vital metabolic functions, in-
cluding carbohydrate metabolism, lipid storage, synthe-
sis and oxidation of fatty acids, glycogen storage, plasma
protein synthesis, hormone metabolism and clearance,
and detoxification (Hinton et al. 2001; Ferguson 2006;
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Yao et al. 2012; Heath 2018). Those roles render liver
cells particularly susceptible to oxidative stress induced
by toxic agents (Elufioye and Habtemariam 2019). De-
creased antioxidant response and induction of oxidative
stress led to cellular and tissue damage, as evidenced
by increased MDA levels (Martins et al. 2024). MDA, a
product of lipid peroxidation, especially of polyunsatu-
rated fatty acids, serves as a common marker of oxida-
tive stress and damage to lipids and cell membranes.
Although the evaluation of MDA levels in the liver of
zebrafish did not show significant changes at any con-
centration tested in this study, the modifications in
antioxidant defenses induced by 2,4-D appear to have
been regulated in a way that prevents increases in lipid
peroxidation, likely due to resistance to oxidative stress
through antioxidant mechanisms. A similar result was
observed in the fish Oreochromis niloticus when ex-
posed to a high concentration of the commercial formu-
lation of 2,4-D (27 ppm) for a shorter period of time (96
h) (Oruc and Uner 2000).

While lipid peroxidation was not detected in the liv-
er, histopathological analysis indicated liver toxici-
ty induced by exposure to a commercial formulation
of 2,4-D. Therefore, it is reasonable to postulate that
other mechanisms contribute to this toxicity, such as
protein and enzyme oxidation or the covalent binding
of 2,4-D and its metabolite (2,4-dichlorophenoxyace-
tyl-S-acyl-CoA) to liver proteins, potentially compro-
mising their function and inducing degradation, as ob-
served in previous studies (Di Paolo et al. 2001; Li et
al. 2003; Matviishyn et al. 2014; Tichati et al. 2020).
This study did not assess whether protein oxidation
or the formation of protein/2,4-D conjugates are in-
volved in the mechanisms underlying liver toxicity in
zebrafish, leaving this question open for future investi-
gation. It is important to note that, despite 2,4-D being
a very old pesticide with a long history of use, its full
impact on non-target organisms, such as fish, remains
incompletely understood (Mahmood et al. 2016; Mar-
cato et al. 2017).

In our study, just one week of exposure to the commer-
cial formulation of the herbicide 2,4-D induced several
histopathological changes in the liver of zebrafish, in-
cluding increased vacuolization, tissue disarray, cellu-
lar and nuclear hypertrophy, nuclear deformation, cell
membrane rupture, and necrosis— the latter occurring
at the highest concentration tested (3.0 mg/L of 2,4-D).
Additionally, vascular alterations such as sinusoidal
dilation, hyperemia characterized by vascular conges-
tion, and hemorrhages were observed. Similar histo-
pathological changes have been reported in previous
studies following exposure to 2,4-D. Cattaneo et al.
(2008) observed that Rhamdia quelen fish presented
abnormal arrangement of hepatic cords, cell membrane
rupture, and vacuolation of hepatocytes after exposure
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to 700 mg/L of 2,4-D (commercial formulation) for 96
h. In guppies (Viviparous Poecilia), acute exposure (96
h) to 20 pL/L of the commercial formulation of 2,4-D
resulted in an increase in vacuolation and cytoplasmic
damage, while a concentration of 40 uL/L also caused
vascular damage such as sinusoid vasodilation and vas-
cular congestion (Vigario and Sabdia-Morais 2014).
The most frequent lesions identified in our study were
vacuolization, cytoplasmic hypertrophy, and tissue dis-
array. Vacuolization, characterized by the formation
of vacuoles in the cell cytoplasm, may indicate stored
energy in the form of glycogen or lipids, or it may rep-
resent a pathological change involving the disruption
of organelles such as the rough endoplasmic reticulum
and Golgi apparatus, and/or the accumulation of fluid
in the cytoplasm (Braunbeck 1998). Although the exact
mechanisms behind vacuolization in our study are not
fully understood, the alterations in organelles and cyto-
plasmic fluid accumulation observed in fish exposed to
2,4-D suggest disruptions in energy metabolism-relat-
ed processes (Cattaneo et al. 2008). Therefore, it is rea-
sonable to consider that this increase in vacuolization
is due to changes in organelle structure and/or fluid
accumulation in the cytoplasm, induced by exposure to
2,4-D. Further studies are needed to clearly understand
the cellular events triggered by 2,4-D that contribute to
this phenomenon.

In our study, cytoplasmic hypertrophy was moderate-
ly frequent at 0.3 mg/L and very frequent at 3.0 mg/L
of 2,4-D, consistent with its progressive nature, which
indicates that higher concentrations may lead to great-
er accumulation of changes in hepatocytes (Bernet et
al. 1999). Tissue disruption and the consequent al-
teration of liver tissue architecture may be associated
with 2,4-D-induced cytoskeletal changes. Structural
reorganization and redistribution of microtubules and
microfilaments, which disrupt organelle distribution,
increase intracellular space, and impair hepatocyte in-
teractions, have been previously described as effects
induced by 2,4-D (Zhao et al. 1987). Similar changes
in cytoarchitecture were observed in previous studies
in silver catfish (Rhamdia quelen) exposed to a high
concentration of commercial 2,4-D formulation (700
mg/L) (Cattaneo et al. 2008).

Vascular changes observed in zebrafish exposed to
2,4-D included sinusoidal dilation, hyperemia, and
hemorrhage in liver tissue. These alterations may re-
flect an adaptive response aimed at increasing blood
flow to facilitate the transport of defense cells and en-
hance tissue oxygenation (Santos et al. 2018). Given
the liver’s key role in the metabolism and circulation of
xenobiotics, it is recognized as a primary target organ
for chemical-induced tissue damage. In fish exposed
to toxic agents, elevated hepatic blood flow can trigger
vascular dilation and hyperemia, supporting hepato-
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cyte catabolism and detoxification while promoting
tissue oxygenation (Hinton et al. 2001). These pro-
cesses may lead to increased hepatic vascular pres-
sure, potentially resulting in vascular endothelial rup-
ture. Moreover, pure 2,4-D has been shown to reduce
the expression and levels of tight junction proteins in
endothelial cell membranes, which can further con-
tribute to endothelial rupture and subsequent bleeding
(Pasandi et al. 2017).

Histopathological biomarkers are widely used to as-
sess the toxic effects of xenobiotics in fish, serving as
sensitive tools to diagnose both direct and indirect tox-
ic effects on organisms. In this study, we used TBO,
a dye with clinical utility (Sridharan and Shankar
2012), to label acidic polysaccharides in the zebrafish
liver following 2,4-D exposure. Acidic polysaccharides
containing uronic acid, such as glycosaminoglycans
(GAGS), are commonly found in animal tissues, pri-
marily in the extracellular matrix and mucous secre-
tions (Cao et al. 2015). Among the GAGs are chon-
droitin sulfate, hyaluronic acid, and heparin, with
heparin being particularly abundant in the liver of fish
(Song et al. 2017). Studies have shown that GAGs like
heparin and hyaluronic acid can undergo degradation
as a result of oxidative stress (Sies 1987; Duan and
Kasper 2011; Chowdhury and Saikia 2020). Given the
ability of 2,4-D to induce ROS, the observed reduction
in acidic polysaccharides might be linked to ROS-me-
diated degradation, specifically impacting heparin and
other GAGs present in the liver (Tayeb et al. 2012;
Pasandi et al. 2017).

The impact of 2,4-D on the liver of male zebrafish was
assessed by considering both the severity and frequen-
cy of each lesion using the Histopathological Alteration
Index (HAI) (Poleksic and Mitrovie-Tutundzic 1994).
The significantly elevated HAI value in the 3.0 mg/L
group was primarily driven by tissue necrosis, a severe
form of damage that carries substantial weight due to
its critical implications. In contrast, the 0.03 and 0.3
mg/L groups exhibited HAI values indicative of mod-
erate tissue damage. This finding is particularly alarm-
ing from a biological and environmental perspective,
as 0.03 mg/L of 2,4-D is the maximum concentration
permitted for human consumption and for aquatic en-
vironments in Brazil (Brazil, Ordinance GM/MS No.
88, of May 4, 2021: Brazil, resolution No. 357, of March
17, 2005). Even more concerning is the fact that con-
centrations higher than 0.3 mg/L have been detected in
aquatic ecosystems near plantations in Brazil (CETESB
2018).

The integrated biomarker response index (IBR) is a tool
that synthesizes the responses of biological parameters
to contaminants, aiding in the interpretation of bio-
marker results. Initially proposed by Beliaeff and Bur-
geot (2002), the IBR has been adopted in biomonitoring



and ecotoxicological bioassays. More recently, it has
been used to assess the effects of contaminants on ox-
idative status and to simplify the interpretation of re-
lationships between multiple biomarker responses and
contamination levels (Caliani et al. 2021; Boudjema et
al. 2023). A higher IBR value indicates a more intense
response to exposure, suggesting a greater impact of the
environmental stressor on the organism. In our study,
the highest IBR index was observed in the group ex-
posed to a concentration of 0.03 mg/L of 2,4-D, a lev-
el considered environmentally safe. According to the
World Health Organization (WHO 2017), the maxi-
mum recommended concentration of 2,4-D in drinking
water is 0.03 mg/L (or 30 pg/L). This limit is theoret-
ically established based on prolonged exposure, with
the assumption that it would not cause adverse health
effects over a person’s lifetime.

Finally, we acknowledge as a limitation of this study
the absence of control groups using the vehicles(pres-
ent in the commercial formulation. This prevents a
precise distinction between the toxic effects of the ac-
tive ingredient (2,4-D) and those potentially caused by
the solvents or emulsifiers included in the formulation.
Additionally, the product label and package insert did
not clearly disclose the identity or concentration of
these other components. Notably, it is well recognized
that so-called “inert” ingredients can sometimes be
more harmful than the active compound itself (Rod-
dam et al. 2025). Therefore, the results of this study
should be interpreted with caution in light of this
methodological limitation.

CONCLUSION

The data obtained in this study indicate that the herbi-
cide 2,4-D significantly impacts the liver of adult male
D. rerio, affecting its biochemical, histochemical, and
histopathological parameters. Notably, even at the
permitted concentration of 0.03 mg/L, 2,4-D was suf-
ficient to trigger oxidative stress and cause moderate
liver damage after only 7 days of exposure. At higher
concentrations (3.0 mg/L), severe necrotic damage
was evident. While antioxidant defenses in the ze-
brafish liver seemed to mitigate lipid peroxidation, the
overall tissue damage suggests that 2,4-D poses a clear
hepatotoxic threat. Importantly, this is the first study
to demonstrate 2,4-D-induced hepatotoxicity in adult
male zebrafish. These findings raise serious concerns
about the intensive use of 2,4-D and its increasing pres-
ence in aquatic ecosystems, underscoring the urgent
need for further research to fully understand its toxic
effects on non-target organisms, as well as the need to
review the maximum permitted concentrations for hu-
man consumption and aquatic environments.
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Resumen. Colchicum autumnale, conocido como azafran bastardo o narciso de otofio, contiene colchicina un alcaloide con propiedades
antimitdticas. Las intoxicaciones, si bien infrecuentes, por ingerir este vegetal al ser confundido con especies comestibles son graves,
incluyendo colapso cardiovascular, fallo respiratorio y leucopenia con infecciones. El tratamiento de soporte es de suma importancia, ya
que a la fecha, no se cuenta con un antidoto.

Palabras clave: Colchicum autumnale; Colchicina; Vegetal téxico.

Abstract. Colchicum autumnale, commonly known as autumn crocus, contains colchicine, an alkaloid with antimitotic properties.
Although infrequent, poisonings from ingesting this plant, often due to confusion with edible species, are serious and can include cardio-
vascular collapse, respiratory failure, and leukopenia with infections. Supportive treatment is of utmost importance, as there is currently

no antidote.

Keywords: Colchicum autumnale; Colchicine; Toxic plant.

El Colchicum autumnale es una planta herbacea pe-
renne de 30 cm de altura que crece a partir de un bul-
bo subterraneo; sus flores son de color lila, similares a
las del azafran, de ahi su nombre comtn azafran bas-
tardo o silvestre (también llamado narciso de otofo,
colquico o mataperros), pero tienen seis estambres, en
vez de tres (Figura). Esta planta es nativa de Irlanda
e Inglaterra, actualmente cultivada por sus flores en
muchas regiones del mundo (Akram et al. 2012). Su
principal principio activo es la colchicina, que alcanza
su mayor concentracién en el bulbo, aunque todas las
partes de la planta son toxicas.
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Este alcaloide, produce disrupcién de la formacién de
los microtiibulos en las células mitéticas (Palmer et al.
2011) y es utilizado de manera efectiva en la medicina
para el tratamiento de la artritis gotosa (Akram et al.
2012). El medicamento, producido por diversos labo-
ratorios, se comercializa en comprimidos de 1 mg y
previene la migracién de granulocitos a las zonas don-
de se acumulan los cristales de urato.

La ingesta de este vegetal puede producir gran cantidad
de sintomas: nduseas, vomitos, diarrea acuosa, hipoten-
sién, bradicardia, diaforesis, alopecia, depresién de la
médula dsea, fallo renal, necrosis hepatica, hemorragias
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Figura. Flor de Colchicum autumnale. Tomada
en Peninsula San Pedro Bariloche, Rio Negro,
Argentina. Foto: Gofii Susana E.

pulmonares, convulsiones y muerte (Palmer et al. 2011).
Las intoxicaciones con esta planta suelen suceder al ser
confundidas con ajo salvaje (Aliium ursinum) o cebo-
llas silvestres, como el caso fatal de un hombre de 76
afios que evolucioné con fallo multiorganico (respira-
torio, cardiaco, rabdomidlisis y leucopenia asociado a
infeccién) 3 dias después de haber ingerido esta plan-
ta, a pesar de haber consultado a las 12 h de la expo-
sicién (Brvar et al. 2004). Se puede citar otro reporte
de dos casos de envenenamiento, en el que una pareja
de Gorski Kotar, Croacia, consumié una ensalada que
contenfa Colchicum, confundido con ajo; consultaron a
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las 36 h de la ingesta, la mujer de 60 afios presenté gas-
troenteritis y hepatitis, recuperandose completamente,
mientras que su marido de 64 afios, evolucioné con fa-
llo multiorganico, falleciendo a las 52 h de la ingesta. El
hombre habria ingerido més cantidad, ya que la mujer
detectd el sabor extrafio y dejé de consumir la ensalada
(Brncic et al. 2001).

La confirmacién diagndstica se realiza determinando
los niveles de colchicina en suero y orina, incluso en
material de lavado géstrico, por cromatografia gaseosa
acoplada a espectrometria de masas (Brvar et al. 2004).
La intoxicacién con Colchicum autumnale (colchicina)
debe ser considerada en todo paciente con gastroen-
teritis asociada a la ingesta de vegetales obtenidos
por recoleccién. Es importante poder acceder a una
muestra del vegetal o una fotografia para una correcta
identificacién del mismo. Es fundamental la desconta-
minacién gastrointestinal, si la ventana de tiempo lo
permite, y el tratamiento temprano de soporte, ya que
no se cuenta con un antidoto especifico disponible en el
mercado. Los anticuerpos anticolchicina, si bien se ha
reportado su uso en algunos casos y en investigacién
en animales, actualmente no se encuentran disponibles
(Brvar et al. 2004).

CONFLICTO DE INTERESES

Los autores declaramos que no existe conflicto de inte-
reses para la publicacién del presente trabajo.

REFERENCIAS

Akram M, Osama A, Khan U, Naveed A, Asif H. 2012.
Colchicum autumnale: A review. Journal of Medicinal
Plants Research. DOI: 10.5897/JMPR 11.323.

Brncic N, Viskovic I, Peric R, Dirlic A, Vitezic D, Cu-
culic D. 2001. Accidental plant poisoning with Cochi-
cum autumnale: Report of two cases. Croatian Medical
Journal. 42(6):673-675.

Brvar M, Ploj T, Kozelj G, Mozina M, Noc M, Bunc M.
2004. Case report: Fatal poisoning with Colchicum au-
tumnale. Critical Care. DOI: 10.1186/cc2427.

Palmer ME, Betz J. Plants. 2011. En: Goldfrank’s
Toxicologic Emergencies. Nelson LS, Lewin NA,
Howland MA, Hoffman RS, Goldfrank LR, Flomen-
bawn NE. 2011. Novena edicién. Mc Graw Hill, New
York. 118:1537-1560.



Acta Toxicol. Argent. (2025) 33(1): 19-20

El poder de lo simple: Caenorhabditis elegans como
modelo experimental

The power of simplicity: Caenorhabditis elegans as an experimental model

Ferreyra, Melisa Rut**; Moran, Yanina Soledad"**; Gonzales-Moreno, Candelaria'?; Martinez, Samanta Andrea?;

Fernandez-Hubeid, Lucia?; Virgolini, Miriam Beatriz!**

Hnstituto de Farmacologfa Experimental de Cérdoba (IFEC)-CONICET. 2Departamento de Farmacologia Otto Orsingher, Facultad
de Ciencias Quimicas, Universidad Nacional de Cérdoba, Argentina.

*Coautorfa: ambas autoras contribuyeron en igual medida en la realizacién del articulo.

*miriam.virgolini@unc.edu.ar

Recibido: 24 de marzo de 2025
Aceptado: 30 de abril de 2025

Editor: Adolfo Rafael de Roodt.

Debido a las multiples ventajas que presenta como
modelo experimental, Caenorhabditis elegans es un
invertebrado que en la actualidad es utilizado para el
estudio e investigacién de diversos procesos biolégi-
cos como la apoptosis y senalizacién celular, regula-
cién génica, metabolismo y envejecimiento. Resulta de
facil cultivo en el laboratorio y manejo experimental
debido a su pequeno tamafio (aprox. 1 mm), ciclo de
vida corto (3-4 dias), esperanza de vida (21 dias) y ele-
vado nimero de progenie (mayor a 200 huevos), lo
que permite obtener poblaciones experimentales con
rapidez y a gran escala (Brenner 1974). Ademaés, su
cuerpo transparente y la posibilidad del uso de mar-
cadores de fluorescencia in vivo permite el estudio de
procesos metabdlicos, de embriogénesis o la visualiza-
cién de estructuras celulares y la aplicacién de herra-
mientas como optogenética e imagenes de calcio. Por
otra parte, puesto que la mayoria de la poblacién esta
constituida por individuos hermafroditas se preserva
el genotipo y la conservacién de 60 al 80% de los genes
y vias metabdlicas con respecto el ser humano (Leung
etal 2008).

Asi, al combinar enfoques genéticos cuantitativos y
moleculares, este invertebrado ofrece la oportunidad
de identificar modificadores genéticos de la suscepti-
bilidad a los téxicos conformando una alternativa a los
modelos de vertebrados con una escalabilidad signifi-
cativamente mayor y potencial para acelerar la carac-
terizacién de los objetivos moleculares de las sustan-
cias quimicas (Hartman et al. 2021). A este respecto,
se han estudiado en C. elegans los efectos de muchas
sustancias consideradas tdéxicas, tales como metales,
sustancias de consumo, plaguicidas y més reciente-
mente nanoparticulas (Long et al. 2003).
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Izquierda: imagen de cuerpo entero de la cepa salvaje N2 del nematodo
Caenorhabditis elegans tomada con un estereomicroscopio a una magnificacién
de 20x con luz brillante blanca.

Derecha: imagen de la cabeza de un gusano de la cepa BZ555 egls1 [dat-1p::GFP]
tomada en el estereomicroscopio (magnificacién 60x, escala 50 pm) con luz brillante
blanca (arriba) y filtro fluorescente verde (abajo). En la foto pueden observarse
los somas de las 4 neuronas dopaminérgicas cefilicas —CEP, dorsales y ventrales
(marcadas con flechas rojas) y sus procesos dendriticos
(marcados con flechas amarillas).

Nota: las cepas N2 y BZ555 fueron adquiridas en el Caenorhabditis Genetics Center
(CGC) (https://cge.umn.edu).
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Acta Toxicolégica Argentina (Acta Toxicol. Argent.)
(ISSN 0327-9286) es el érgano oficial de difusién cien-
tifica de la Asociacién Toxicoldgica Argentina. Integra,
desde el afno 2007, el Ntcleo Bésico de Revistas Cien-
tificas Argentinas y se puede acceder a sus articulos a
texto completo a través de SciELO Argentina.

Acta Toxicoloégica Argentina tiene por objetivo la
publicacén de trabajos relacionados con las diferen-
tes areas de la Toxicologia, en formato de articulos
originales, reportes de casos, comunicaciones breves,
actualizaciones o revisiones, articulos de divulgacién,
notas técnicas, imagenes, resimenes de tesis, cartas al
editor y noticias.

Los articulos originales son trabajos de inves-
tigacién completos y deben presentarse respetando las
siguientes secciones: Introduccién; Materiales y méto-
dos; Resultados y Discusién (que pueden integrar una
seccién conjunta).

Los reportes de casos son descripciones de ca-
sos clinicos que por sus caracteristicas signifiquen un
aporte importante a la Toxicologfa.

Las comunicaciones breves son trabajos de
menor extensién pero con connotacién toxicolégica
novedosa y que signifiquen un aporte al campo toxi-
coldgico.

Las revisiones o actualizaciones compren-
den trabajos en los cuales se ha realizado una amplia y
completa revisién de un tema importante y/o de gran
interés actual en los diferentes campos de la toxicolo-
gla.

Los articulos de divulgacion y articulos es-
peciales son comentarios de diversos temas de interés
toxicolégico.

Las notas técnicas son descripciones breves de
técnicas analiticas o dispositivos nuevos avalados por
trabajos experimentales concluyentes.

Las Imagenes en Toxicologia pueden corres-
ponder a imdagenes relacionadas con la toxicologia,
desde lo artistico a los aspectos bioldgicos: plantas t6-
xicas, hongos téxicos, animales venenosos, animales
ponzofiosos, floraciones algales, quimicos, alteracio-
nes ambientales, casos clinicos, diagndstico por ima-
genes (radiografia, electrocardiogramas, ecografias,
angiograffa, tomograffa, resonancia magnética, mi-
croscopia 6ptica o electrénica, etc.).

El objetivo de la Seccién Imégenes en Toxicologia es la
publicacién de imagenes originales

(1-2 figuras de alta calidad) o clasicas interesantes o
hallazgos inusuales que faciliten el diagndstico clinico,
de laboratorio o eco-epidemioldgico de causas con ori-
gen toxicolégico.

Las imégenes pueden no ser excepcionales, pero si
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ilustrativas.

El titulo debe ser corto y descriptivo. Si la imagen es una
imagen clinica, el texto deberfa ser una descripcion de la
presentacién del paciente seguida por puntos relevantes
explicativos y el diagnéstico final. Las imégenes deberfan
incluir una leyenda descriptiva. Si la imagen correspon-
de a otros puntos de la toxicologia, se debe incluir una
breve descripcion del contexto de la misma en el texto.
Por favor, utilice flechas o signos para identificar los
puntos de interés en la imagen. En los casos clinicos
remueva cualquier informacion de identificacion del
paciente.

El maximo de palabras recomendado es: resumen 200,
texto 1000 y no mas de 12 referencias.

Se aceptara un maximo de 3 autores por imagen.

En caso que la imagen no sea original, debe acom-
panarse de la autorizacién del propietario o de quien
posea los derechos de la misma, lo que debe estar indi-
cado en la nota que se presente al Comité Editorial de
Acta Toxicologica Argentina.

Los resimenes de tesis: son restimenes am-
pliados que describen tesis de Maestria o Doctorales
aprobadas. Estas deben incluir copia de la aprobacion
de la tesis con la declaracién jurada del autor y su direc-
tor. El texto no debe superar los 1000 caracteres.

Acta Toxicolégica Argentina (en adelante Acta),
publicara contribuciones en espanol, portugués y/o in-
glés. Todas serdn evaluadas por al menos dos revisores;
la seleccién de los mismos serd atributo exclusivo de
los editores. Este proceso determinard que el mencio-
nado Comité opte por rechazar, aceptar con cambios
0 aceptar para su publicacién el trabajo sometido a su
consideracién. La identidad de autores y revisores se
mantendré en forma confidencial.

Envio de manuscritos

El envio de manuscritos se realizaré a través de la sec-
cién de Acta Toxicologica Argentina en la pagina web
de la Asociacién Toxicolégica Argentina (https://toxi-
cologia.org.ar/formulario-acta/).

Gratuidad de las publicaciones

El envio, revision, edicién y publicaciéon de cualquier
tipo de material técnico cientifico o de divulgacién acep-
tado por Acta Toxicolégica Argentina es totalmente gra-
tuito para los autores, no debiendo estos abonar ningin
tipo de costo para su publicacion ni para ninguna de las
etapas previas.

Derechos de autor
Acta Toxicoldgica Argentina es una publicacion de ac-
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ceso abierto y posee una Licencia Publica de Creative
Commons (CC-BY-NC). Los autores conservan los
derechos de autor y garantizan a la revista el derecho
de ser la primera publicacién del trabajo. Los autores
retienen el derecho sobre sus trabajos bajo las normas
de lalicencia CC de tipo BY-NC, HYPERLINK "http://
creativecommons.org/licenses/by-nc/2.5/ar/"Licen-
cia Publica de Creative Commons que permite com-
partir el trabajo reconociendo su publicacién inicial en
esta revista, pudiendo los autores disponer del trabajo
para el fin que consideren, con la sola excepcién de su
reproduccion con fines comerciales, de acuerdo a este
tipo de licencia de CC.

Derechos de publicacion

Los autores retienen los derechos de publicacién. Ac-
ta Toxicologica Argentina es una publicacién de ac-
ceso abierto y posee una Licencia Publica de Creative
Commons (CC-BY-NC). Los autores conservan los
derechos de publicacién y garantizan a la revista el
derecho de ser el primer sitio de publicacién del tra-
bajo. Los autores retienen el derecho para publicar
sus trabajos bajo las normas de la licencia CC de tipo
BY-NC, "http://creativecommons.org/licenses/by-
nc/2.5/ar/" Licencia Publica de Creative Commons
que permite compartir el trabajo reconociendo su pu-
blicacién inicial en esta revista, pudiendo los autores
disponer del trabajo para el fin que consideren, con la
sola exepcién de su reproduccién con fines comercia-
les, de acuerdo a este tipo de licencia de CC.

Aspectos generales en la preparacion
del manuscrito para articulo original
Los manuscritos deberan redactarse con procesador
detexto(MicrosoftWordversion 2003 osuperior),adoble
espacio (incluso los resimenes, referencias y tablas)
con un tamafio minimo de letra Arial en 12 puntos. Las
paginas deberan numerarse desde la portada. Las letras
en negrita o italica se usaran sélo cuando corresponda.
En la primera pégina se indicard: titulo del trabajo,
apellido, nombre de autor 1; apellido, nombre de au-
tor 2; apellido, nombre de autor 3; etc.; lugar de trabajo
(nombre de la institucién y direccién postal); de haber
autores con distintos lugares de trabajo se colocaran su-
perindices numéricos -no encerrados entre paréntesis-
junto a los nombres, de manera de identificar a cada
autor con su respectivo lugar de trabajo; fax y/o correo
electrénico del autor responsable de la correspondencia
(que se indicara con un asterisco en posicién de supe-
rindice ubicado junto al nombre).

En la segunda pégina se incluira el titulo en inglés y el
resumen en el idioma del articulo y en inglés, seguido
cada uno de ellos de una lista de tres a seis palabras cla-
ve, en el idioma correspondiente. Si el trabajo estuviese
escrito en inglés, deberé tener un resumen en espafol.
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Las palabras clave iniciaran con mayuscula e iran sepa-
radas por punto y coma.

Introduccion. Incluird antecedentes actuali- za-
dos acerca del tema en cuestion y los objetivos del tra-
bajo definidos con claridad.

Materiales y métodos. Contendré la des- crip-
cién de los métodos, aparatos, reactivos y procedimien-
tos utilizados, con el detalle suficiente para permitir la
reproduccién de los experimentos.
Consideraciones éticas. En todos los estudios
clinicos se debera especificar el nombre del Comité de
Etica e Investigacién que aprobé el estudio y que se
conté con el consentimiento escrito de los pacientes. En
todos los estudios con organismos no humanos, se de-
beran especificar los lineamientos éticos con respecto al
manejo de los mismos durante la realizacién del trabajo.
Analisis estadistico. Se deberan informar las
pruebas estadisticas con detalle suficiente como para
que los datos puedan ser verificados por otros investi-
gadores y fundamentar el empleo de cada una de ellas.
Si se utilizé un programa estadistico para procesar los
datos, éste deber4 ser mencionado en esta seccion.
Resultados. Se presentaran a través de una de las
siguientes formas: en el texto, o mediante tabla/s y/o fi-
gura/s. Se evitaran repeticiones y se destacaran sélo los
datos importantes. Se dejaré para la seccién Discusion
la interpretacién mas extensa.

Las tablas se presentardn en hoja aparte, nume-
radas consecutivamente con nimeros arabigos, con
las leyendas y/o aclaraciones que correspondan al
pie. Las llamadas para las aclaraciones al pie se ha-
ran empleando numeros arabigos entre paréntesis
y superindice. Sélo los bordes externos de la pri-
mera y la tltima fila y la separacién entre los titulos
de las columnas y los datos se marcaran con linea
continua. No se marcaran los bordes de las colum-
nas. Asegtrese que cada tabla sea citada en el texto.
Las figuras se presentaran en hoja aparte, numera-
das consecutivamente con ntmeros arabigos. Los di-
bujos deberan estar en condiciones que aseguren una
adecuada reproduccién. Los graficos de barras, tortas o
estadisticas deberdn tener formato GIF. Los nimeros,
letras y signos tendran dimensiones adecuadas para
ser legibles cuando se hagan las reducciones necesa-
rias. Las referencias de los simbolos utilizados en las
figuras deberan ser incluidas en el texto de la leyenda.
Las fotografias deberan ser realizadas en blanco y
negro, con buen contraste, en papel brillante y con una
calidad suficiente (mfnimo 300 dpi) para asegurar una
buena reproduccion. Los dibujos originales o las foto-
graffas tendran al dorso los nombres de los autores y el
ntmero de orden escritos con 1apiz.

Las fotos para la version electronica deberan ser rea-
lizadas en el formato JPEG o GIF, con alta resolucion.
Tanto las figuras como las fotografias deberén ser legi-



bles. El tamafio minimo serd media carta, es decir, 21 x
15 c¢m, a 300 dpi. En todos los casos se deber4 indicar
la magnificacién utilizada (barra o aumento).

Los epigrafes de las figuras se presentaran exclusiva-
mente en una hoja aparte, ordenadas numéricamente
y deberan expresar especifi- camente lo que se muestra
en la figura.

Abreviaturas. Se utilizaran tnicamente abreviatu-
rasnormalizadas. Seevitaranlasabreviaturaseneltituloy
en el resumen. Cuando en el texto se emplee por primera
vez una abreviatura, ésta ird precedida del término com-
pleto, salvo si se trata de una unidad de medida comun.
Unidades de medida. Las medidas de longitud,
talla, peso y volumen se deberan expresar en unidades
meétricas (metro, kilogramo, litro). En los manuscritos
en espafol los nimeros decimales deben indicarse con
coma, y los miles con punto. En los manuscritos en
inglés, los decimales deben indicarse con punto y los
miles, con coma.

Las temperaturas se facilitardn en grados Celsius y
las presiones arteriales en milimetros de mercurio.
Todos los valores de pardmetros hematolégi-
cos y bioquimicos se presentardn en unidades
del sistema métrico decimal, de acuerdo con el
Sistema Internacional de Unidades (SI). No obstante,
los editores podran solicitar que, antes de publicar el
articulo, los autores anadan unidades alternativas o
distintas de las del SI.

Nomenclatura. En el caso de sustancias quimicas
se tomara como referencia prioritaria a las normas de
laTUPAC. Los organismos se denominaran conforme a
las normas internacionales, indicando sin abreviaturas
el género y la especie en itélica.

Discusion. Se haré énfasis sobre los aspectos del
estudio mas importantes y novedosos y se interpre-
tardn los datos experimentales en relacién con lo ya
publicado. Se indicaran las conclusiones a las que se
arribé, evitando la reiteracién de datos y conceptos ya
vertidos en secciones anteriores.

Agradecimientos. Deberan presentarse en letra
Arial con un tamano de 10 puntos y en un sélo parrafo.

Conflictos de intereses. Los autores deberan
expresar si alguno de ellos o el grupo poseen algin con-
flicto de interés respecto al material publicado. De no
haberlo, también debe declararse. como por ejemplo:
Los autores declaran que no poseen conflictos de in-
tereses o relaciones personales que hayan podido in-
fluenciar lo enunciado en este trabajo

Bibliografia

Parte 1: citas en texto

El nombre del autor y el afio de publicacién aparecen
entre paréntesis al final de la oracién:
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Este reclamo fue refutado mas tarde (Jones 2008).

Si el nombre del autor se menciona claramente en el
texto, puede seguirse directamente por el ano de publi-
cacién, entre paréntesis:

Jones (2008) luego refuto esta afirmacién.

Si tanto el nombre del autor como el afio se mencionan
claramente en el texto, no es necesario incluir una refe-
rencia entre paréntesis:

En 2008, Jones refuté esta afirmacién.

Si esté citando una parte especifica de un documento
(por ejemplo, una cita directa o una figura, grafico o
tabla), incluya el nimero de pagina en la que se en-
cuentra esa informacién:

"Estos resultados contradicen claramente los publicados en
2004 por el laboratorio Smith". (Jones 2008, p. 56).

Mas de un autor

Siun documento tiene dos autores, incluya ambos ape-
llidos separados por "y". Para trabajos con tres o mas
autores, incluya solo el nombre del primer autor, segui-

do de “et al.”:

... (Andrews y Gray 1995).
... (Gémez et al. 2003).

Muiltiples obras de diferentes autores.

Si cita varias fuentes a la vez, enumérelas en orden cro-
noldgico, o alfabéticamente si se publicaron dos o mas
obras en el mismo afio, y separe cada una con un punto
y coma:

... (Samson 1963; Carter y Bowles 1975; Grimes 1975; An-
derson et al. 1992).

Muiltiples obras del mismo autor publi-
cadas en el mismo ano.

Si esté citando dos o0 més obras escritas por el mismo
autor en el mismo afo, agregue un identificador (a, b,
c...) para distinguirlas. Use los mismos identificadores
en la lista de referencia:

... (Dubois 1976a; Dubois 1976b).
Dubois J. 1976a. Deteccién de tendencias en...
Dubois J. 1976b. Patrones de distribucién de...

Citando una fuente secundaria o indi-
recta

Si desea citar una fuente que se cita en otro documento,
siempre es mejor consultar y luego citar la fuente origi-
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nal. Sin embargo, si no puede localizar y verificar el do-
cumento fuente original, debe citar la fuente secundaria
y al mismo tiempo reconocer al autor de la idea original
tanto en la cita en el texto como en la referencia final:

... (Rawls 1971, citado en Brown 2008)

Rawls J. 1971. A Theory of Justice. Cambridge (MA): Belk-
nap Press. Cited in: Brown PG. 2008. The Commonwealth
of Life: Economics for a Flourishing Earth. 2nd ed. Mon-
treal (QC): Black Rose Books.

Organizaciones como autores

Si el autor de un documento es una organizacién, cor-
poracién, departamento de gobierno, universidad, etc.,
use una forma abreviada de la organizacién en la cita
en el texto, reteniendo la primera letra de cada palabra
en el nombre, o alguna otra reconocida abreviatura:

... (FAO 2006).

Parte 2: lista de referencias

La lista de referencias se encuentra al final de su trabajo
e incluye informacién bibliografica completa de todas
las fuentes citadas en el texto. Las referencias se enu-
meran en orden alfabético por apellido del primer autor.

Componentes de referencias en la lista
de referencias.

Los siguientes componentes, si estan disponibles, se
incluyen al citar una fuente, en la siguiente secuencia:

Libros y otras monografias.
Autor (es) o Editor (es)

Afo de publicacion

Titulo

Contenido o designador medio
Edicién

Autor (es) secundario (s)
Lugar de publicacién

Editor

Paginacion

Serie

Articulos de revistas y periodicos.
Autor (es)

Afo de publicacion

Titulo del articulo

Contenido o designador medio

Titulo de revista o periédico

Volumen

Numero

Paginacion

Autor (es) o Editor (es)
Enumere los apellidos e iniciales de los autores en el or-
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den en que aparecen en el documento original, y separe
cada uno con una coma.

Mary-Beth Macdonald y Laurence G. Kaufman se convier-
ten en Macdonald MB, Kaufman LG.

Si el documento tiene editores en lugar de autores, co-
loque los apellidos y las iniciales seguidos de una coma
y "editor (es)":

Macdonald MB, Kaufman LG, editores.

Mas de diez autores.

Incluya siempre los nombres de los primeros diez au-
tores. Si hay mas de diez, incluya solo los primeros
diez nombres de autores. Agregar tras ""autores", tres
puntos (...) seguidos por una coma (,) y el nombre del
ultimo autor. Ejemplo Autor 1, 2, 3,4,5,6,7,8,9, 10,
..., Autor 11.

Autor (es) secundario (s)

Los autores secundarios incluyen traductores, ilustra-
dores, editores o productores, y pueden incluirse en la
referencia, ademas de los autores principales, después
del titulo del libro:

Mérquez GG. 1988. Amor en tiempos del célera. Grossman
E, traductor. Nueva York...

Organizaciones como autores

El nombre completo de la organizacién debe identifi-
carse en la lista de referencias, pero precedido por la
abreviatura utilizada en el texto, entre corchetes. Orde-
ne la referencia alfabéticamente por el nombre comple-
to, no por el acrénimo:

[FAQ] Organizacion de las Naciones Unidas para la Alimen-
tacién y la Agricultura. 2006. Género y derecho: los dere-
chos de las mujeres en la agricultura...

Titulo

Incluya tanto el titulo como los subtitulos, conservan-
do la puntuacién utilizada en el documento original.
Para libros y titulos de articulos de revistas, escriba en
mayuscula solo la primera palabra, asi como los nom-
bres propios, siglas e iniciales. Todas las palabras im-
portantes en los titulos de las revistas pueden escribirse
en mayuscula:

Libro: Cultivo de células vegetales: métodos esenciales
Revista: Canadian Journal of Animal Science

Designador de contenido
Los designadores de contenido describen el formato
de un documento y pueden usarse para proporcionar



informacion adicional con respecto a la naturaleza de
un documento (por ejemplo, disertaciones, tesis, bi-
bliografias y ciertos tipos de articulos de revistas, como
editoriales, cartas al editor, noticias, etc.) Los designa-
dores de contenido aparecen entre corchetes directa-
mente después del titulo:

Bernier MH. 2009. Assessing on-farm water use efficiency
in southern Ontario [thesis]. Montreal...

Designador medio

Los designadores medios indican que el documento
estd en un formato no impreso, como "microfichas",
"CD-ROM" o "Internet". Se requieren designadores
medios y aparecen entre corchetes directamente des-
pués del titulo:

Gooderham CB. 1917. Enfermedades de las abejas [micro-
fichas]. Ottawa...

Lugar de publicacion y editorial

El lugar de publicacion se refiere a la ciudad donde se
encuentra el editor. Esta informacién generalmente se
encuentra en la portada del libro en cuestién, o en el
registro del catdlogo McGill. Si no se puede encontrar
un lugar de publicacién, use las palabras [lugar desco-
nocido] entre corchetes. Si aparece mas de una ciudad,
use solo la primera que aparezca. Ciertas ciudades pue-
den estar solas (por ejemplo, Nueva York), pero para
evitar confusiones, se puede escribir el nombre del pais
o incluir el c6digo de pafs ISO de 2 letras (por ejemplo,
Reino Unido: GB). Para ciudades canadienses o esta-
dounidenses, se puede incluir el c6digo de provincia o
estado de dos letras.

Paginacion

Si usa solo una parte de un trabajo publicado (es decir,
un articulo de revista o un capitulo de libro), indique la
paginacién de la seccién a la que se refiere. La pagina-
cién es opcional si se refiere a todo el trabajo.

Serie

Si el documento es parte de una serie, debe agregar el
titulo de la serie y el nimero de volumen al final de la
entrada.

Parte 3: ejemplos (impresos)

Articulo de revista

Autor (es). Ano. Titulo del articulo. Nombre de la revis-
ta Volumen (Edicién): paginas.

Holmberg S, Osterholm M, Sanger K, Cohen M. 1987.
Drug-resistant Salmonella from animals fed antimicrobials.
New England Journal of Medicine. 311(2): 617-622.
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Libro
Autor (es). Afo. Titulo del libro. Edicién. Lugar de pu-
blicacion: Editorial.

Carson R. 1962. Silent spring. Boston (MA): Houghton Mi-
fflin.

Capitulo en un libro

Autor (es). Afio. Titulo del capitulo. En: Titulo del libro.
Edicién. Lugar de publicacién: Editorial. pags. Paginas
del capitulo.

Carson R. 1962. Earth’s green mantle. En: Silent spring.
Boston (MA): Houghton Mifflin. p. 63-83.

Libro editado
Nombre (s) del editor, editores. Afio. Titulo del libro.
Edicion. Lugar de publicacién: Editorial.

Springate-Baginski O, Blaikie P, editors. 2007. Forests, peo-
ple and power: the political ecology of reform in South Asia.
London (GB): Earthscan.

Capitulo o articulo en un libro editado
Autor (es). de la parte. Afio. Titulo del capitulo. En:
Nombre (s) del editor, editores. Titulo del libro. Edi-
cién. Lugar de publicacién: Editorial. pags. Paginas del
capitulo.

Banerjee A. 2007. Joint forest management in West Bengal.
In: Springate-Baginski O, Blaikie P, editors. Forests, people
and power: the political ecology of reform in South Asia.
London (GB): Earthscan. p. 221-260.

Articulo en un diccionario o enciclope-
dia.

Cite como lo harfa un articulo en un libro editado; Si
no se especifica el autor de la parte, el editor asume el
lugar del autor.

Libro en serie
Autor (es). Ano. Titulo del libro. Edicion. Lugar de publi-
caciéon: Editorial. (Titulo de la serie; vol. #)

Tegos G, Mylonakis E, editors. 2012. Antimicrobial drug
discovery: emerging strategies. Wallingford, Oxfordshire
(GB): CABI. (Advances in molecular and cellular microbio-
logy; vol.22).

Tesis o disertacion

Autor (es). Ano. Titulo [designador de contenido]. [Lu-
gar de publicacién]: Editorial (a menudo una univer-
sidad).

Bernier MH. 2009. Assessing on-farm water use efficiency
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in southern Ontario [tesis]. [Montreal (QC)]: McGill Uni-
versity.

Documentos de conferencia o actas
Autor (es). Afo. Titulo del trabajo. En: Nombre (s) del
editor, editores. Titulo del volumen. Ntimero y nombre
de la conferencia; fecha de la conferencia; Lugar de la
conferencia. Lugar de publicacién: Editorial. pags. Pa-
ginas.

Clarke A, Crame JA. 2003. Importance of historical proces-
ses in global patterns of diversity. En: Blackburn TM, Gas-
ton KJ, editors. Macroecology: concepts and consequences.
Proceedings of the 43rd annual symposium of the British
Ecological Society; 2002 Apr 17-19; Birmingham. Malden
(MA): Blackwell. p. 130-152.

Parte 4: ejemplos (electronicos)

La proliferacion de informacion electrénica ha introdu-
cido nuevos desafios, ya que los documentos pueden
existir en varios formatos diferentes. Las fuentes elec-
tronicas se citan de la misma manera que sus contra-
partes impresas, con algunos elementos especificos de
Internet agregados: un designador medio (consulte la
descripciéon anterior), la fecha en que el documento se
modificé o actualizd por tltima vez (si esté disponible),
la fecha citada y el URL del documento o DOI (identifi-
cador de objeto digital).

Las opiniones difieren sobre la mejor manera de citar
articulos de revistas electrénicas. Generalmente, un
articulo electrénico basado en una fuente impresa, en
formato PDF, se considera inalterable y se cita como un
articulo impreso.

Al ver articulos de revistas en linea, los en-
laces que aparecen en el cuadro de direccién
de su navegador pueden ser temporales y
dejaran de funcionar después de unos dias.
Muchas bases de datos y editores proporcio-
naran un enlace permanente o persistente, o
buscaran el DOI (identificador de objeto digi-
tal) del articulo, que a menudo aparece junto
con el resto de la informacién de citas.

Articulo electronico en formato PDF.

Los articulos en formato pdf, basados en una fuente
impresa, pueden citarse como un articulo de revista
impresa (ejemplo en la Parte 3).

Articulo electronico en formato HTML o

de texto.

Autor (es) Ano. Titulo del articulo. Nombre de la revis-
ta [designador medio]. [fecha actualizada; fecha de ci-
ta]; Volumen (Edicién): paginas (si estan disponibles).
Disponible en: URL o DOI

Woolf D, Amonette JE, Street-Perrott FA, Lehmann J, Jo-
seph S. 2010. Sustainable biochar to mitigate global climate
change. Nature Communications [Internet]. [citado el 18 de
agosto de 2010]; 1(Art. 56). Disponible en: http://www.na-
ture.com/ncomms/journal/v1/n5/full/ncomms1053.html

Libro electréonico

Autor (es) o Editor (es). Ano. Titulo del libro [desig-
nador medio]. Edicién. Lugar de publicacién: editorial;
[fecha actualizada; fecha de cita]. Disponible en: URL

Watson RR, Preedy VR, editors. 2010. Bioactive foods
in promoting health: fruits and vegetables [Internet].
Amsterdam: Academic Press; [citado el 22 de abril de
2010]. Disponible en: www.sciencedirect.com/science/
book/9780123746283

Articulo en un diccionario electronico o
enciclopedia.

Cita como lo harias con un articulo en un libro elec-
trénico

Allaby M, editor. 2006. photosynthesis. In: Dictionary of
Plant Sciences [Internet]. Rev. ed. Oxford: Oxford Univer-
sity Press; [citado el 31 de agosto de 2010]. Disponible en:
www.oxfordreference.com/views/ENTRY.html?subview=-
Main&entry=t7.e5147

Sitio web

Titulo del sitio web [designador medio]. Fecha de pu-
blicacién. Lugar de publicacién: Editorial; [fecha ac-
tualizada; fecha de cita]. Disponible en: URL

Electronic Factbook [Internet]. 2007. Montreal (QC): Mc-
Gill University; [actualizado al 30 de marzo de 2007; citado
el 11 de enero de 2013]. Disponible en: http://www.is.mc-
gill.ca/upo/factbook/index-upo.htm

Documento en linea

Autor (es) Fecha de publicacién. Titulo [designador
medio]. Edicién. Lugar de publicacién: Editorial; [fe-
cha actualizada; fecha de cita]. Disponible en: URL

Kruse JS. 2007. Framework for sustainable soil manage-
ment: literature review and synthesis [Internet]. Ankeny
(TA): Soil and Water Conservation Society; [citado el 3 de
agosto de 2008]. Disponible en: http://www.swes.org/do-
cuments/filelibrary/BeyondTliteraturereview.pdf
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Acta Toxicolégica Argentina (Acta Toxicol. Argent.)
(ISSN 0327-9286) is the official publication for scien-
tific promotion of the Asociacién Toxicolégica Argen-
tina. It is a member of the Niicleo Bdsico de Revistas
Cientificas Argentinas (Basic Core of Argentinean
Scientific Journals) since 2007. Full articles can be ac-
cessed through SciELO Argentina electronic library.
The goal of Acta Toxicolégica Argentina is to publish
articles concerning all areas of Toxicology, including
original articles, case reports, short communications,
revisions, popularization of science articles, technical
notes, images, thesis summaries, letters to the editor
and relevant news.

Original articles must detail complete research
and should be organized into the following sections:
Introduction, Materials and Methods, Results and Dis-
cussion (thelast two can be combined into one section).
Case reports include description of clinical case
studies which represent a contribution to the field of
Toxicology.

Short communications are brief, concise arti-
cles that contribute to the respective area of Toxicology.
Revisions or updates comprise studies where
an extensive revision of a topic of current importance
and/or interest has been carried out.

Articles concerned with popular science and special ar-
ticles can comment on a broad range of toxicological
topics.

Technical notes should briefly describe new de-
vices or analytical techniques validated by conclusive
experimental studies.

Images in Toxicology may be images related
with Toxicology from the artistic to the biological and
medical aspects: toxic plants, toxic fungi, venomous
animals, poisonous animals, algal bloom, chemicals,
environmental eco-toxicological alterations, clinic cas-
es, diagnostic images (radiograph, electrocardiogram,
echography, angiography, tomography, magnetic reso-
nance Image, optic or electron microscopy, etc).

The objective of the Section of Images in Toxicology is
the publication of original images (1-2 high quality fig-
ures) of classic, interesting or unusual findings that fa-
cilitate the clinical, laboratorial or eco-epidemiological
diagnosis of toxicological origin.

Such images should be not necessarily exceptional, but
illustrative.

The title should be short and descriptive. If the image
is a clinic image, text should be a description of the
patient presentation, followed by relevant explicative
points and the final diagnosis. Images should include
a descriptive legend. If the image is of other fields of the
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toxicology, a brief description of the context should be
included in the text.

Please use labels and arrows to identify points of inter-
est on the image. In clinical cases remove any identify-
ing patient information.

Maximum word guidance: abstract 100 words, text 1000
words. The number of references should not be over 12.
No more than three authors may be listed.

If the image is not original, the authorization of the au-
thor or whom posses the copyright must be added in
the presentation letter to be presented to the Editorial
Committee of Acta Toxicolégica Argentina.

Thesis summaries are sufficiently detailed ab-
stracts of approved doctoral or magisterial thesis. They
must include a copy of acceptance and a sworn state-
ment by the author and director, and should not exceed
1,000 characters.

Articles can be submitted to Acta Toxicologica Argen-
tina (henceforth Acta) in Spanish, Portuguese or En-
glish. All submissions will be evaluated by at least two
independent reviewers, selected by the editors. The Ed-
itorial board will base its decision to reject, accept with
changes or accept for publication the submitted article
on these reviews. The identity of authors and reviewers
will not be disclosed throughout this process.

Submission of manuscripts

Submission of manuscripts will be made through Acta
Toxicolbgica Argentina section in the website of the
Argentine Toxicological Association (https://toxicolo-
gia.org.ar/formulario-acta/).

Free publishing costs

The submission, reviewing, editing and publishing of
any kind of scientific or technical material or of any
disclosure material accepted by Acta Toxicological Ar-
gentina is totally free for authors, not having to pay any
cost for its publication or for any of the previous stages.

Copyright

Acta Toxicoldgica Argentina is an open access journal
and has a Creative Commons Public License (CC-BY-
NC). Authors retain copyright on their work; never-
theless, they guarantee the journal the right to be the
first in its publication. Authors retain the rights of their
work under the guidelines of the license CC BY-NC,
Creative Commons Public License. They can freely
share their work (always recognizing its initial publi-
cation in this journal) with the sole exception of its re-
production for commercial purposes, according to this
kind of CC license.
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Publishing rights

Acta Toxicolégica Argentina is a open access journal
and has a Creative Commons Public License (CC-BY-
NC). Authors retain the license of their article and the
publication rights on their work; nevertheless, they
guarantee the journal the right to be the first in its pub-
lication. Authors retain the license and rights to their
work under the guidelines of the license CC BY-NC,
Creative Commons Public License http://creative-
commons.org/licenses/bync/2.5/ar/". They can free-
ly share their work (recognizing its initial publication
in this journal) with the sole exception of reproduction
of the work published for commercial purposes, ac-
cording to this kind of CC license.

General guidelines in the preparation
of manuscripts for original articles
Articles must be written using a word processor (Mi-
crosoft Word 2003 or higher) with double-spacing
throughout (including abstract, references and ta-
bles), and a minimum letter size of Arial 12. Manu-
scripts must contain page numbers on each page from
the first page. The use of bold and italic letters must be
limited to the bare minimum necessary.

First page should contain the article title, full
name, surname, name author 1; surmame, name au-
thor 2; surname, name author 3; etc.and affiliations of
all authors, workplace (name of institution and postal
address; if it differs between authors, numerical su-
perscripts, not in parentheses, next to each author
should be used to identify it); fax and/or e-mail ad-
dress of the corresponding author (signaled by a sub-
script asterisk next to the name).

Second page must include an English title and the
abstract, both in the language of submission and in
English, each followed by three to six keywords in the
corresponding language. If the article is written in En-
glish, then the abstract in Spanish must be provided.
Keywords must be headed by capital letters and sepa-
rated by semicolons.

Introduction. It should include updated back-
ground references and clearly stated study goals.
Materials and methods. This section should
describe the methods, devices, reagents and proce-
dures used, sufficiently detailed to enable the exper-
iments to be reproduced.

Ethical considerations. All clinical studies
must specify the name of the Ethics and Research
Committee responsible for the approval of the study,
as well as the patients’ written consenT. Studies in-
volving non human experimental subjects must give
assurance that ethical guidelines for the protection of
animal handling and welfare were followed.
Statistical analysis. The statistical tests em-
ployed should be properly explained and justified to
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allow verification by other researchers. If statistical
software was used to process data, it should be men-
tioned.

Results can be showed through one of the follow-
ing formats: text, tables or figures. Authors should
avoid repetition, and only the relevant data should be
presented. An extensive interpretation of the results
should be left for the Discussion section.

Tables must be typed in separate pages and num-
bered consecutively with Arabic numerals in order
of appearance in the texT. Legends or explanations
should be included as footnotes. Marks for footnotes
must be superscript Arabic numerals in parentheses.
Continuous lines may be only used for the outer bor-
ders of the first and last row and to separate columns
and data titles, not for outer borders of columns. Please
make sure that each table is cited in the text.
Figures should be numbered consecutively with Ar-
abic numerals and presented in separate pages. Draw-
ings must be of good enough quality to ensure adequate
reproduction. Bar, pie or statistical charts must be pre-
pared in GIF formaT. Numbers, letters and signs with-
in figures must be of the appropriate size to be legible
when the final sizing takes place. All signs used must
have a reference in the figure caption.

Black-and-white only photographs should have
proper contrast and a minimum resolution of 300 dpi.
Submit all original drawings and photographs in glossy
paper with the authors’ name and figure number writ-
ten in pencil in the back. For the electronic submission,
photographs should be in high resolution JPEG or GIF
formats. Both figures and photographs must be clearly
legible. The minimum size for figures is half-letter pa-
per size (21 x 15 ¢cm) at 300 dpi. Magnification must be
indicated whether by a scale bar or the magnification
number.

Present figure captions in a separate page, accord-
ingly numbered. Only the elements visible in the cor-
responding figure must be included in the caption.
Abbreviations. Authors should only use conven-
tional abbreviations, avoiding their use in the title and
abstracT. When an abbreviation is first introduced in
the text it must be preceded by the full term, except in
the case of unit measures.

Unit measures. Length, size, weight and volume
measures should be expressed according to the metric
system (meter, kilogram, liter or their decimal multi-
ples). Temperatures will be provided in degrees Cel-
sius; blood pressure in millimeters of mercury. Deci-
mals should be indicated by a point and thousands by
a comma.

All hematological and biochemical parameters should
follow the metric system, according to the Internation-
al System of Units (SI). However, editors could require



that alternate units be provided before publication.
Nomenclature. For chemicals, authors should
primarily adhere to IUPAC norms. Designate organ-
ism names according to international norms by stat-
ing the unabbreviated genus and species in italic.
Discussion. Emphasis should be placed on the
most relevant and novel aspects of the study. Interpret
experimental data in terms of previous published find-
ings. Include conclusions without repeating data and
concepts stated elsewhere.

Conflicts of Interest. Authors must declare if
some conflict of interest regarding the manuscritpt. If
not, this must be declared. In example:

Declaration of competing interest The authors declare
that they have no known competing financial interests
or personal relationships that could have appeared to
influence the work reported in this.

Acknowledgements. Limit to a single paragraph, us-
ing Arial 10 lettering.

References.

Part 1: in-text citations

The author’s name and the year of publication are list-
ed in parentheses at the end of the sentence:

This claim was later refuted (Jones 2008).

If the author’s name is clearly mentioned in the text, it
can be directly followed by the year of publication, in
parentheses:

Jones (2008) later refuted this claim.

If both the author name and year are clearly mentioned
in the text, there is no need to include a parenthetical
reference:

In 2008, Jones refuted this claim.

If you are citing a specific part of a document (e.g. a
direct quotation, or a figure, chart or table), include the
page number on which that information is found:

“These results clearly contradict those published in 2004 by
the Smith lab.” (Jones 2008, p. 56).

More than one author

If a document has two authors, include both surnames
separated by “and”. For works with three or more au-
thors, include only the first author name, followed by
“etal”:

... (Andrews and Gray 1995).
... (Gomez et al. 2003).
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Multiple works by different authors

If you are citing several sources at once, list them in
chronological order, or alphabetically if two or more
works were published in the same year, and separate
each one with a semicolon:

... (Samson 1963; Carter and Bowles 1975; Grimes 1975;
Anderson et al. 1992).

Multiple works by the same author
published in the same year

If you are citing two or more works written by the same
author in the same year, add a designator (a, b, c...) to
distinguish them. Use the same designators in the ref-
erence list:

... (Dubois 1976a; Dubois 1976b).
Dubois J. 1976a. Detection of trends in...
Dubois J. 1976b. Distribution patterns of...

Citing a secondary or indirect source

If you would like to cite a source that is cited in anoth-
er document, it is always best to consult and then cite
the original source. However, if you are unable to locate
and verify the original source document, you must cite
the secondary source while at the same time acknowl-
edging the author of the original idea in both the in-text
citation and end reference:

... (Rawls 1971, cited in Brown 2008)

Rawls J. 1971. A Theory of Justice. Cambridge (MA): Belk-
nap Press. Cited in: Brown PG. 2008. The Commonwealth
of Life: Economics for a Flourishing Earth. 2nd ed. Montreal
(QC): Black Rose Books.

Organizations as authors

If the author of a document is an organization, corpo-
ration, government department, university, etc., use an
abbreviated form of the organization in the in-text ci-
tation, by retaining the first letter of each word in the
name, or some other recognized abbreviation:

... (FAO 2006).

Part 2: reference list

The reference list comes at the end of your paper and
includes full bibliographic information for all of the
sources cited in the texT. The references are listed in
alphabetical order by first author last name.

Components of references in

the reference list

The following components, if available, are included
when citing a source, in the following sequence:
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Books and other monographs
Author(s) or Editor(s)

Year of publication

Title

Content or medium designator
Edition

Secondary author(s)

Place of Publication

Publisher

Pagination

Series

Journal and newspaper articles
Author(s)

Year of publication

Article title

Content or medium designator
Journal or newspaper title
Volume

Issue

Pagination

Author(s) or Editor(s)

List the last names and initials of the authors in the
order in which they appear in the original document,
and separate each one with a comma.

Mary-Beth Macdonald and Laurence G. Kaufman
become Macdonald MB, Kaufman LG.

If the document has editors rather than authors, follow
the names with a comma and “editor(s)”:

Macdonald MB, Kaufman LG, editors.

More than ten authors

Always include the names of the first ten authors. If
there are more than ten, include the first ten author
names only, followed by three points (...), comma (,)
and the name of the last Author. In example. Author 1,
2,3,4,5,6,7,8,9,10,..,11.

Secondary author(s)

Secondary authors include translators, illustrators,
editors or producers, and may be included in the ref-
erence, in addition to the principal author(s), after the
book title:

Marquez GG. 1988. Love in the time of cholera. Grossman
E, translator. New York...

Organizations as authors

The full name of the organization must be identified
in the reference list, but preceded by the abbreviation
used in the text, in square brackets. Order the reference
alphabetically by the full name, not the acronym:
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[FAQ] Food and Agriculture Organization of the United
Nations. 2006. Gender and law: Women’s rights in agricul-
ture...

Title

Include both the title and subtitle, retaining the punc-
tuation used in the original documenT. For books and
journal article titles, capitalize only the first word, as
well as proper nouns, acronyms and initials. All signifi-
cant words in journal titles may be capitalized:

Book: Plant cell culture: essential methods
Journal: Canadian Journal of Animal Science

Content designator

Content designators describe the format of a docu-
ment, and may be used to provide additional infor-
mation with regards to the nature of a document (e.g.
dissertations, theses, bibliographies, and certain types
of journal articles such as editorials, letters to the edi-
tor, news, etc.). Content designators appear in square
brackets directly after the title:

Bernier MH. 2009. Assessing on-farm water use efficiency
in southern Ontario [thesis]. Montreal...

Medium designator

Medium designators indicate that the document is in a
non-print format, such as “microfiche”, “CD-ROM”, or
“Internet”. Medium designators are required and ap-
pear in square brackets directly after the title:

Gooderham CB. 1917. Bee diseases [microfiche]. Ottawa...

Place of publication and Publisher

The place of publication refers to the city where the
publisher is located. This information is usually found
on the title page of the book in question, or in the Mc-
Gill catalogue record. If no place of publication can be
found use the words [place unknown] in square brack-
ets. If more than one city is listed, use only the first one
that appears. Certain cities may stand alone (e.g. New
York), but in order to avoid confusion, the country
name may be written out or 2 letter ISO country code
included (e.g. United Kingdom: GB). For Canadian or
U.S. cities, the two letter province or state code may
be included.

Pagination

If using only part of a published work (ie. a journal ar-
ticle, or a book chapter), indicate the pagination of the
section you are referring to. Pagination is optional if
you are referring to the entire work.



Series
If the document is part of a series, you must add the
series title and volume number at the end of the entry.

Part 3: examples (print)

Journal article

Author(s). Year. Article title. Journal name. Volume(Is-
sue): Pages.

Holmberg S, Osterholm M, Sanger K, Cohen M. 1987.
Drug-resistant Salmonella from animals fed antimicrobials.
New England Journal of Medicine. 311(2): 617-622.

Book
Author(s). Year. Book Title. Edition. Place of Publica-
tion: Publisher.

Carson R. 1962. Silent spring. Boston (MA): Houghton Mif-
flin.

Chapter in a book
Author(s). Year. Chapter title. In: Book title. Edition.
Place of Publication: Publisher. p. Pages of the chapter.

Carson R. 1962. Earth’s green mantle. In: Silent spring. Bos-
ton (MA): Houghton Mifflin. p. 63-83.

Edited book

Editor name(s), editors. Year. Book title. Edition. Place
of Publication: Publisher.

Springate-Baginski O, Blaikie P, editors. 2007. Forests, peo-
ple and power: the political ecology of reform in South Asia.
London (GB): Earthscan.

Chapter or article in an edited book
Author(s) of the parT. Year. Chapter title. In: Editor
name(s), editors. Book title. Edition. Place of Publica-
tion: Publisher. p. Pages of the chapter.

Banerjee A. 2007. Joint forest management in West Bengal.
In: Springate-Baginski O, Blaikie P, editors. Forests, people
and power: the political ecology of reform in South Asia.
London (GB): Earthscan. p. 221-260.

Article in a dictionary or encyclopedia
Cite as you would an article in an edited book; if the
author of the part is not specified, the editor assumes
the place of the author.

Book in a series
Author(s). Year. Book Title. Edition. Place of Publica-
tion: Publisher. (Series title; vol. #)

Tegos G, Mylonakis E, editors. 2012. Antimicrobial drug dis-
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covery: emerging strategies. Wallingford, Oxfordshire (GB):
CABI. (Advances in molecular and cellular microbiology;
vol.22).

Thesis or dissertation
Author(s). Year. Title [content designator]. [Place of
Publication]: Publisher (often a university).

Bernier MH. 2009. Assessing on-farm water use efficiency
in southern Ontario [thesis]. [Montreal (QC)]: McGill Uni-
versity.

Conference papers or proceedings
Author(s). Year. Title of paper. In: Editor name(s), edi-
tors. Title of Volume. Number and name of conference;
date of conference; location of conference. Place of pub-
lication: Publisher. p. Pages.

Clarke A, Crame JA. 2003. Importance of historical process-
es in global patterns of diversity. In: Blackburn TM, Gaston
KJ, editors. Macroecology: concepts and consequences.
Proceedings of the 43rd annual symposium of the British
Ecological Society; 2002 Apr 17-19; Birmingham. Malden
(MA): Blackwell. p. 130-152.

Part 4: examples (electronic)

The proliferation of electronic information has intro-
duced new challenges, as documents can exist in several
different formats. Electronic sources are cited in the same
way as their print counterparts, with some internet-spe-
cific items added: a medium designator (see description
above), the date the document was last modified or up-
dated (if available), the date cited, and the document
URL or DOI (digital object identifier)

Opinions differ on how best to cite electronic journal arti-
cles. Generally, an electronic article based on a print source,
in PDF format, is considered unalterable and is cited like a
print article would be. Electronic articles in html or text for-
mat could easily be altered or exist in several versions, and
should be cited respecting the rules for websites and other
electronic documents.

When viewing journal articles online, the
links that appear in your browser’s address
box may be temporary and will no longer
work after a few days. Many databases
and publishers will provide a permanent
or persistent link, or, look for the article’s
DOI (digital object identifier), which is of-
ten listed along with the rest of the citation
information.
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Electronic article in PDF format
Articles in pdf format, based on a print source, can be
cited like a print journal article (example in Part 3).

Electronic article in HTML or text for-
mat

Author(s). Year. Article title. Journal name [medium
designator]. [date updated; date cited]; Volume(Issue):
Pages (if available). Available at: URL or DOI

Woolf D, Amonette JE, Street-Perrott FA, Leh-
mann J, Joseph S. 2010. Sustainable biochar to
mitigate global climate change. Nature Commu-
nications [Internet]. [cited 2010 Aug 18]; 1(Art.
56). Available at: http://www.nature.com

ncomms/journal/v1/n5/full/ncomms1053.
html

Electronic book

Author(s) or Editor(s). Year. Book Title [medium des-
ignator]. Edition. Place of Publication: Publisher; [date
updated; date cited]. Available at: URL

Watson RR, Preedy VR, editors. 2010. Bioactive foods in
promoting health: fruits and vegetables [Internet]. Amster-
dam: Academic Press; [cited 2010 Apr 22]. Available at:
www.sciencedirect.com/science/book/9780123746283
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Article in an electronic dictionary or en-
cyclopedia

Cite as you would an article in an electronic book

Allaby M, editor. 2006. photosynthesis. In: Dictionary of
Plant Sciences [Internet]. Rev. ed. Oxford: Oxford Universi-
ty Press; [cited 2010 Aug 31]. Available at: www.oxfordref-
erence.com,/views/
ENTRY.html?subview=Main&entry=t7.e5147

Website

Title of website [medium designator]. Date of publi-
cation. Place of publication: Publisher; [date updated;
date cited]. Available at: URL

Electronic Factbook [Internet]. 2007. Montreal (QC): Mc-
Gill University; [updated 2007 Mar 30; cited 2013 Jan
11]. Available at: http://www.is.mcgill.ca/upo/factbook/
index-upo.htm

Online document

Author(s). Date of publication. Title [medium desig-
nator]. Edition. Place of publication: Publisher; [date
updated; date cited]. Available at: URL

Kruse JS. 2007. Framework for sustainable soil manage-
ment: literature review and synthesis [Internet]. Ankeny (IA):
Soil and Water Conservation Society; [cited 2008 Aug 3].
Available at: http://www.swes.org/documents/filelibrary/

BevondTliteraturereview.pdfw
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Acta Toxicolégica Argentina (Acta Toxicol. Argent.)
(ISSN 0327-9286) ¢ o érgao oficial de difusio cientifi-
ca da Associacio Toxicoldgica Argentina. Integra desde
0 ano de 2007 o Ntcleo Bésico de Revistas Cientificas
Argentinas, tem acesso a artigos e textos completos
através da SciELO Argentina. Acta Toxicolégica Ar-
gentina tem como objetivo a publicacio de trabalhos
relacionados com diferentes areas da Toxicologia, em
formato de artigos originais, relatos de casos, comu-
nicacdes breves, atualizagOes ou revisoes, artigos de
divulgacdo, imagens, resumos da tese, notas técnicas,
cartas ao editor e noticias.

Os artigos originais sao trabalhos de pesqui-
sa completos e devem ser apresentados respeitando as
seguintes secoes: Introducio; Materiais e métodos; Re-
sultados e Discussdo (que podem integrar uma secio
anexa).

Os relatos de casos sao descrigoes de casos
clinicos que tenham em suas caracteristicas um signifi-
cado ou aporte importante a Toxicologia.

As comunicacoes curtas sao trabalhos
de menor extensdo, mas, com conotagio toxicolégica
inovadora e com um aporte importante ao campo to-
xicoldgico.

As revisoes ou atualizagoes compreendem
trabalhos nos quais se tenha realizado uma ampla e
completa revisdo de um tema importante e/ou de gran-
de interesse atual nos diferentes campos da toxicologia.
Os artigos de divulgacao e artigos especiais
sdo comentarios de diversos temas de interesse toxi-
coldgico.

As notas técnicas sdo descricdes breves de técnicas
analiticas ou dispositivos novos ou apoiados por traba-
lhos experimentais conclusivos.

As imagens em Toxicologia podem corres-
ponder a imagens relacionadas a toxicologia, dos as-
pectos artisticos aos bioldgicos: plantas téxicas, cogu-
melos téxicos, animais venenosos, animais venenosos
animais venenosos, animais venenosos, floracbes de
algas, quimicos, alteragdes ambientais, casos clinicos,
diagndstico por imagem (raios X, eletrocardiogramas,
ecografias, angiografia, tomografia, ressoniancia mag-
nética, microscopia Optica ou eletronica, etc.).

O objetivo da Secdo Imagens em Toxicologia € a publi-
cagdo de imagens originais (1-2 figuras de alta quali-
dade) ou cléssicos interessantes ou descobertas inco-
muns que facilitem diagnéstico clinico, laboratorial ou
eco-epidemioldgico com origem toxicoldgica.

As imagens podem nao ser excepcionais, mas sim ilus-
trativas.

O titulo deve ser curto e descritivo. Se a imagem é
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uma imagem clinica, o texto deve ser uma descrigao
da apresentacdo do paciente seguido de pontos expli-
cativos relevantes e o diagnéstico final. As imagens
devem incluir uma legenda descritiva. Se a imagem
corresponde a outros pontos da toxicologia uma breve
descrigio do contexto deve ser incluida no texto. Favor
usar setas ou sinais para identificar pontos de interesse
na imagem. Nos casos clinicos, favor remover qualquer
caso de identificagdo de pacientes.

O maximo de palavras recomendada é: resumo 200,
texto 1000 e ndo mais de 12 referéncias.

Serd aceito um méximo de 3 autores por imagem.
Caso a imagem nao seja original, ela deve ser acompa-
nhada pela autorizagio do proprietario ou quem quer
que seja o proprietario dos direitos, deve ser indicada
na nota a ser submetida ao Editorial ao Conselho Edi-
torial da Acta Toxicoldgica.

Resumos de tese: Resumos ampliados que des-
crevem teses de Mestrado e Doutorado aprovadas.
Estas devem incluir cépia da aprovacio da tese com a
declaragio juramentada do autor e seu orientador. O
texto nao deve ultrapassar 1000 caracteres.

Acta Toxicolégica Argentina (em adiante Acta) pu-
blicard contribuicbes em espanhol, portugués e/ou
inglés. Todas serfo avaliadas por pelo menos dois re-
visores; a selecdo dos mesmos serd atributo exclusivo
dos editores. Este processo determinaré que o mencio-
nado Comité opte por rejeitar, aceitar com alteractes
ou aceitar para publicacio o trabalho submetido a sua
consideragdo. A identidade dos autores e revisores sera
mantida de forma confidencial.

Envio de trabalhos

Os manuscritos devem ser submetidos através do Acta
Toxicoldgica Argentina en la pagina web de la Asocia-
cién Toxicoldgica Argentina (https://toxicologia.org.
ar/formulario-acta/).

Gratuidade das publicacoes

O envio, revisdo, edicdo e publicacio de qualquer
tipo de material técnico cientifico ou de divulgagio
aceito pela Acta Toxicolégica Argentina é comple-
tamente livre de custos para os autores, que nao siao
obrigados a pagar nenhum tipo de custo de publi-
cagdo ou para qualquer uma das etapas anteriores.
Direitos autorais

Os autores retém os direitos da publicacdo. Acta To-
xicologica Argentina é um acesso aberto e detém uma
Licenca Publica Creative Commons (CC-BY-NC). Os
autores conservam os direitos de publicagio e garantia
a revista o direito para ser o primeiro local de publica-
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¢do do trabalho. Os autores retém o direito ao seu traba-
lho sob o Regras da licenga CC do tipo BY-NC "http://
creativecommons.org/licenses/by-nc/2.5/ar/"Licenca
Publica Creative Commons que permite compartilhar
o trabalho, reconhecendo sua publicacio inicial nesta
revista, os autores podem dispor da obra para qualquer
finalidade que considerem adequada, com a tinica exce-
¢do de sua reproducdo para fins comerciais, de acordo
com este tipo de licenca CC.

Direitos de publicacao

Os autores conservam os direitos de publicagdo. Acta
Toxicoldgica Argentina é um acesso aberto

publicacio de livre acesso e detém um Licenca Puablica
Creative Commons (CCBY-NC). Os autores retém os
direitos de publicacio direitos de publicacdo e conceder
a revista o direito de ser a primeira ser o primeiro site
de publicagdo da obra. do trabalho. Os autores retém o
direito de publicar seu trabalho de acordo com as regras
do a licenga CC BY-NC, "http://creativecommons.org/
licencas/by-nc/2.5/ar/" Licenga Publica Creative Com-
mons que permite que o trabalho seja compartilhado,
reconhecendo sua publicacio inicial nesta revista, com
os autores os autores podem utilizar a obra para qual-
quer finalidade a tinica excegao de sua reproducio para
fins comerciais de acordo com este tipo de licenga CC.

Aspectos gerais na preparacao do ma-
nuscrito para artigo original

Os manuscritos devem ser escritos usando um pro-
cessador de texto (Microsoft Word versdo 2003 ou
superior), espacamento duplo (incluindo resumos, re-
feréncias e tabelas) fonte Arial e tamanho minimo 12.
As péginas devem ser numeradas a partir da pagina de
titulo. Negrito ou italico ou italico deve ser usado so-
mente quando apropriado.

Na primeira pagina deve ser indicado: tftulo do artigo,
nomes e sobrenome (sobrenome Autor 1, nome; so-
brenome Autor 2, nome; sobrenome Autor 3, nome;
etc. etc.) de todos os autores, local de trabalho (nome da
instituicdo e endereco postal); se houver autores com
diferentes locais de trabalho, os sobrescritos numeéricos
devem ser utilizados- ndo colocar entre parénteses - ao
lado dos nomes, de modo a identificar cada autor com
seu respectivo local de trabalho; fax e/ou e-mail do au-
tor responsavel pela correspondéncia (a ser indicada
com um asterisco em sobrescrito ao lado do nome).

A segunda pagina deve incluir o tftulo em inglés e o
resumo no idioma do artigo e em inglés, cada uma se-
guida por uma lista de trés a seis palavras-chave m no
idioma correspondente. Se o artigo for escrito em inglés,
deve ter um resumo em espanhol. As palavras-chave
devem comegar com uma letra maitscula e separados
por ponto-e-virgula.

Introducao. Deve incluir antecedentes atualizados
sobre o tema em questio e objetivos do trabalho defi-
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nidos com clareza.

Materiais e métodos. Devera conter a descricio
dos métodos, equipamentos, reativos e procedimentos
utilizados, com detalhes suficientes para permitir a re-
peticdo dos experimentos.

Consideracoes éticas. Em todos os estudos cli-
nicos deveré estar especificado o nome do Comité de
Etica e Investigacio que aprovou o estudo e que foi
realizado com o consentimento escrito dos pacientes.
Em todos os estudos com organismos ndo humanos,
devem estar especificadas os procedimentos éticos com
respeito ao manejo dos mesmos durante a realizacio
do trabalho.

Analises estatisticas. Devem ser informadas as
provas estatisticas com detalhe suficiente para que os
dados possam ser revisados por outros pesquisadores
descrevendo detalhes de cada uma delas. Se for utiliza-
do um programa estatistico para processar os dados,
este dever4 ser mencionado nesta secio.
Resultados. Deverio ser apresentados através de
uma das seguintes formas: no texto, ou através de ta-
belas e/ou figura/s. Deverdo ser evitadas repeticoes e
serdo destacados somente dados importantes. Deve-
ra ser deixada para a se¢do Discussdo a interpretacio
mais extensa.

As tabelas deverio ser apresentadas em folha & par-
te, numeradas consecutivamente com nimeros ara-
bicos, com as descricdes correspondentes no rodapé.
Os avisos para esclarecimentos de rodapé deverdo ser
realizados empregando numeros arébicos entre pa-
rénteses e sobrescrito. Somente as bordas externas da
primeira e dltima linhas e a separagio entre os titulos
das colunas e os dados deverao ser marcados com linha
continua. Nao marcar as bordas das colunas. Assegu-
rar-se de que cada tabela seja citada no texto.

As figuras deverio ser apresentadas em folhas  par-
te, numeradas consecutivamente com nimeros arabi-
cos. Os desenhos deverao estar em condices que asse-
gurem uma adequada repeti¢io. Os graficos de barras,
pizza, ou estatisticas deverdo estar no formato GIF. Os
numeros, letras e sinais deverao ter dimensdes adequa-
das para serem legiveis quando necessario reducoes.
As referéncias dos simbolos utilizados nas figuras de-
verdo ser incluidas no texto da legenda.

As fotografias deverio ser feitas em branco e pre-
to, com contraste, em papel brilhante e com qualidade
suficiente (mfnimo 300 dpi) para assegurar uma boa
reprodugdo. Nos desenhos originais ou fotografias de-
verdo constar, no verso, os nomes dos autores e ntime-
ro de ordem escritos com lapis.

As fotos para vers@o eletronica deverdo ser realizadas
em formato JPEG ou TIFF, com alta resolugao. Tanto
as figuras quanto as fotografias deverao ser legfveis. O
tamanho minimo devera ser de média carta, ou seja,
21 x 15 cm, a 300 dpi. Em todos os casos deveré estar



indicado o aumento (barra o aumento).

O tftulo das figuras devera ser apresentado exclusiva-
mente em folha a parte, ordenadas e numeradas, e de-
verdo expressar especificamente o que mostra a figura.
Abreviaturas. Serio utilizadas unicamente abre-
viaturas normalizadas. Deverdo ser evitadas as abre-
viaturas no titulo e no resumo. Quando no texto se em-
pregar pela primeira vez uma abreviatura, esta devera
ir precedida do termo completo, com excecdo se tratar-
-se de uma unidade de medida comum.

Unidades de medida. As medidas de longitu-
de, tamanho, peso e volume deverdo ser expressas em
unidades métricas (metro, quilograma, litro) ou seus
multiplos decimais. As temperaturas serdo expressas
em graus Celsius e as pressOes arteriais em milimetros
de merctrio. Todos os valores de pardmetros hema-
toldgicos e bioquimicos deverao ser apresentados em
unidades do sistema métrico decimal, de acordo com o
Sistema Internacional de Unidades (SI). Ndo obstante,
os editores poderao solicitar que, antes de publicar o
artigo, os autores agreguem unidades alternativas ou
diferentes das do SI.

Nomenclatura. No caso de substincias quimicas
sera tomada como referéncia prioritaria as normas da
IUPAC. Os organismos serdo denominados conforme
as normas internacionais, indicando sem abreviaturas
0 género e a espécie em italico.

Discussao. Ter4 énfase sobre os aspectos mais im-
portantes e inovadores do estudo, e serdo interpretados
dados experimentais em relagdo com o que ja foi publi-
cado. Serdo indicadas as conclusdes, evitando reiterar
dados e conceitos ja citados em se¢les anteriores.

Conflitos de interesse. Os autores deverdo ex-
pressar se algum deles ou o grupo possui algum con-
flito de interesses em relacdo ao material publicado.
Caso contrario, também devera ser declarado. como
por exemplo:

Os autores declaram nao ter conflitos de interesse ou
relacOes pessoais que podem ter influenciado o que é
afirmado neste trabalho.

Agradecimentos. Devero ser apresentados em
letra Arial, tamanho 10 e em um paragrafo.

Bibliografia

Parte 1: cita¢coes no texto

O nome do autor e ano de publicacdo aparecem entre
parénteses no final da frase:

Esta afirmag@o foi posteriormente refutada (Jones 2008).

Se 0 nome do autor for claramente mencionado no tex-
to, pode ser seguido diretamente pelo ano de publica-

35

Acta Toxicol. Argent. (2025) 33(1): 21-38

cao entre parénteses:
Jones (2008) posteriormente refutou essa afirmacao.

Se 0 nome do autor e o0 ano forem claramente mencio-
nados no texto, nao é necessario incluir uma referéncia
entre parénteses:

Em 2008, Jones refutou essa afirmacao.

Se vocé esté citando uma parte especifica de um docu-
mento (por exemplo, uma citagdo direta ou uma figura,
gréfico ou tabela), inclua o nimero da pagina onde es-
sas informacdes podem ser encontradas:

"Esses resultados contradizem claramente o publicado

em 2004 pelo laboratério Smith". (Jones 2008, p. 56).

Mais de um autor
Se um documento tiver dois autores, inclua ambos os
sobrenomes separados por "e". Para trabalhos

com trés ou mais autores, inclua apenas o nome do pri-
meiro autor, seguido de “et al.”:

... (Andrews e Gray 1995).
... (Gémez et al. 2003).

Muiltiplas obras de diferentes autores.
Se citar vérias fontes a0 mesmo tempo, liste-as em or-
dem cronolégica, se foram publicados duas ou mais
obras no mesmo ano liste-as em ordem alfabética, e
separe cada uma por ponto e virgula:

... (Samson 1963; Carter e Bowles 1975; Grimes 1975; An-
derson et al. 1992).

Varios trabalhos publicados pelo mes-
mo autor no mesmo ano.

Se vocé esta citando duas ou mais obras escritas pelo
mesmo autor no mesmo ano, adicione um identifica-
dor (a, b, ¢ ...) para distingui-los. Use os mesmos iden-
tificadores na lista de referéncia:

... (Dubois 1976a; Dubois 1976b).
Dubois J. 1976a. Deteccdo de tendéncia dentro...
Dubois J. 1976b. Padrdes de distribuigdo de ...

Citando uma fonte secundaria ou indi-
reta

Se deseja citar uma fonte que ja € citada em outro docu-
mento, é sempre melhor consultar e fazer a citacdo da
fonte original. No entanto, se ndo conseguir localizar e
verificar o documento original, vocé deve citar a fonte



Acta Toxicol. Argent. (2025) 33(1): 21-38

secunddria e a0 mesmo tempo reconhecer o autor da
ideia original tanto na citacdo no texto quanto na refe-
réncia final:

... (Rawls 1971, citado em Brown 2008)

Rawls J. 1971. A Theory of Justice. Cambridge (MA): Belk-
nap Press. Citado em: Brown PG. 2008. The Common-
wealth of Life: Economics para uma Terra florescente. 22
ed. Montreal (QC): Black Rose Books.

Organizacoes como autores

Se o autor de um documento for uma organizagao, cor-
poracdo, departamento governamental, universidade
etc., use uma forma abreviada da organizagdo na cita-
¢ao no texto, mantendo a primeira letra de cada palavra
do nome, ou alguma outra abreviatura reconhecida:

... (FAO 2006).

Parte 2: lista de referéncias

A lista de referéncias est4 no final de seu trabalho e in-
clui informacoes bibliograficas completas de todas as
fontes citadas no texto. As referéncias sdo listadas em
ordem alfabética pelo sobrenome do primeiro autor.

Componentes de referéncias na lista de
referéncias.

Os seguintes componentes, se disponiveis, sao inclui-
dos ao citar uma fonte, na seguinte sequéncia:

Livros e outras monografias.
Autor (es) ou Editor (es)

Ano de publicago

Titulo

Contetido ou designador médio
Edigao

Autor (es) Secundario (s)

Local de publicacdo

Editor

Paginacao

Série

Artigos de revistas e periddicos/jornais.
Autor (es)

Ano de publicagdo

Titulo do artigo

Contetido ou designador médio

Titulo de revista ou jornal

Volume

Numero

Paginacao

Autor (es) ou Editor (es)
Liste os sobrenomes e iniciais dos autores na ordem
em que aparecem no documento original, e separe cada
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um com uma virgula.

Mary-Beth Macdonald e Laurence G. Kaufman se conver-
tem em Macdonald MB, Kaufman LG.

Se o documento tiver editores em vez de autores, colo-
que os sobrenomes e as iniciais seguidas de uma virgu-
la e "editor (es)":

Macdonald MB, Kaufman LG, editores.

Mais de dez autores.

Sempre inclua os nomes dos dez primeiros autores. Se
houver mais de dez, inclua apenas os primeiros dez no-
mes de autores, apds ""autores", trés pontos (...) segui-
dos de virgula (,) e 0o nome do ultimo autor. Exemplo
Autor 1,2,3,4,5,6,7,8,9, 10, ..., Autor 11.

Autor (es) Secundario (s)

Os autores secundarios incluem tradutores, ilustrado-
res, editores ou produtores, e podem ser incluidos na
referéncia, além dos autores principais, ap6s o titulo do
livro:

Marquez GG. 1988. Amor em tempos de cdlera. Grossman
E, tradutor. Nova York...

Organizacoes como autores

O nome completo da organizacio deve ser identificado
na lista de referéncias, mas precedido pela abreviatu-
ra usada no texto, entre colchetes. Ordene a referén-
cia em ordem alfabética pelo nome completo, ndo por
acrénimo:

[FAQ] Organizacdo das NagOes Unidas para Alimentos e
Agricultura. 2006. Género e direito: direitos das mulheres
na agricultura ...

Titulo

Inclui o titulo como os subtitulos, mantendo a pontua-
¢80 usada no documento original. Para livros e titulos
de artigos de revistas, escreva em maidsculo somente a
primeira palavra, bem como nomes préprios, siglas e
iniciais. Todas as palavras importantes nos titulos das
revistas podem ser escritas em letras maitsculas:

Livro: Cultura de células vegetais: métodos essenciais
Revista: Canadian Journal of Animal Science

Designador de contetido

Os designadores de contetido descrevem o formato
de um documento e podem ser usados para fornecer
informacdes adicionais em relagdo a natureza de um
documento (por exemplo, dissertaces, teses, biblio-



grafias e certos tipos de artigos de revistas, como edito-
riais, cartas ao editor, noticias etc.) Os designadores de
contetido aparecem entre colchetes logo apés o titulo:

Bernier MH. 2009. Assessing on-farm water use efficiency
in southern Ontario [tese]. Montreal ...

Designador médio

Os designadores médios indicam que o documento est4
em um formato ndo impresso, como " DISQUETES,
"CD-ROM" ou "Internet”. E requerido designadores
médios e aparecem entre colchetes logo apés o titulo:

Gooderham CB. 1917. Doencas das abelhas [DISQUETES].
Ottawa ...

Local de publicacao e editorial

O local de publicacio refere-se a cidade onde o editor
estd localizado. Esta informagédo é normalmente encon-
trada na capa do livro em questao, ou no registro do ca-
talogo McGill. Se ndo encontrar o lugar de publicagio,
use as palavras [lugar desconhecido] entre colchetes.
Se aparecer mais de uma cidade, use apenas a primei-
ra que aparecer. Certas cidades podem estar sozinhas
(por exemplo, Nova York), mas para evitar confusio, se
pode escrever o nome do pais ou incluir o Cédigo ISO
de 2 letras do pais (por exemplo, Reino Unido: GB).
Para cidades canadenses ou estadunidenses, se pode
incluir o c6digo do estado ou provincia de duas letras.

Paginacao

Se vocé usar apenas parte de um trabalho publicado
(isto é, um artigo de revista ou um capitulo de livro), in-
dique a paginacdo da se¢do que se refere. A paginacgao é
opcional se fizer referéncia a todo o trabalho.

Série

Se o documento fizer parte de uma série, deve se adi-
cionar o titulo da série e o nimero do volume no final
da entrada.

Parte 3: exemplos (impresso)
Artigo de revista

Autor (es). Ano. Titulo do artigo. Nome da revista. Vo-
lume (edico): paginas.

Holmberg S, Osterholm M, Sanger K, Cohen M. 1987. Dru-
g-resistant Salmonella from animals fed antimicrobials.
New England Journal of Medicine. 311(2):617-622.

Livro
Autor (es). Ano. Titulo do livro. Edicdo. Lugar de pu-
blicacio: Editora.
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Carson R. 1962. Silent spring. Boston (MA): Houghton Mif-
flin.

Capitulo em um livro

Autor (es). Ano. Titulo do capitulo. In: Titulo de livro.
Edicdo. Local de publicaco: Editoria. pags. Paginas do
capitulo.

Carson R. 1962. Earth’s green mantle. In: Silent spring.
Boston (MA): Houghton Mifflin. p. 63-83.

Livro editado
Nome (s) do editor, editores. Ano. Titulo do livro. Edi-
co. Local de publicacio: Editora.

Springate-Baginski O, Blaikie P, editores. 2007. Forests,
people and power: the political ecology of reform in South
Asia. London (GB): Earthscan.

Capitulo ou artigo em um livro editado

Autor (es). da parte. Ano. Titulo do capitulo. In: Nome
(s) do editor, editores. Titulo do livro. Edi¢ao. Local de
publicacdo: Editorial. pags. Paginas do capitulo.

Banerjee A. 2007. Joint forest management in West Bengal.
In: Springate-Baginski O, Blaikie P, editors. Forests, people
and power: the political ecology of reform in South Asia.
London (GB): Earthscan. p. 221-260.

Artigo em um dicionario ou enciclopé-
dia.

Cite como faria com um artigo em um livro editado; Se
o autor da parte nao for especificado, o editor assume
o lugar do autor.

Livro de série
Autor (es). Ano. Titulo do livro. Edi¢o. Local de publi-
cacgdo: Editorial. (Titulo da série; vol. #)

Tegos G, Mylonakis E, editors. 2012. Antimicrobial drug
discovery: emerging strategies. Wallingford, Oxfordshire
(GB): CABI. (Advances in molecular and cellular microbio-
logy; vol.22).

Tese ou Dissertacao

Autor (es). Ano. Titulo [designador de contetdo]. [Lo-
cal de publicacio]: Editor (frequentemente uma uni-
versidade).

Bernier MH. 2009. Assessing on-farm water use efficiency
in southern Ontario [tesis]. [Montreal (QC)]: McGill Uni-
versity.
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Documentos de conferéncia ou atas

Autor (es). Ano. Titulo do trabalho. Em: nome (s) do
(s) editor (es), editores. Titulo do volume. Numero e
nome da conferéncia; data da conferéncia; Local da
conferéncia. Local de publica¢do: Editorial. p. Paginas.

Clarke A, Crame JA. 2003. Importance of historical proces-
ses in global patterns of diversity. En: Blackburn TM, Gas-
ton KJ, editors. Macroecology: concepts and consequences.
Proceedings of the 43rd annual symposium of the British
Ecological Society; 2002 Apr 17-19; Birmingham. Malden
(MA): Blackwell. p. 130-152.

Parte 4: exemplos (eletronico)

A proliferacio de informagbes eletronicas introduziu
novos desafios, como os documentos que podem existir
em varios formatos diferentes. Fontes eletronicas sdo
citadas da mesma forma que suas homdlogos impres-
sas, com alguns elementos especificos da Internet agre-
gados: um designador médio (ver descrigdo anterior),
a data do documento foi modificada ou atualizada pela
ultima vez (se esta disponivel), a data citada e a URL do
documento ou o DOI (identificador de objeto digital).

As opinibes divergem sobre a melhor ma-
neira de citar artigos de periddicos eletrd-
nicos. Geralmente, um artigo eletrénico ba-
seado em uma fonte impressa, em formato
PDF, é considerada inalteravel e citado
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