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ABSTRACT. Oxybenzone, octyl salicylate, and octinoxate are compounds used in a variety of products as a protection against exposure to
ultraviolet radiation. Concerns have emerged regarding their environmental safety as previous studies have shown that they tend to
bioaccumulate and act as potential xenoestrogens in aquatic organisms. To our knowledge no studies have investigated their impact on tropical
reef-associated species. Thus, the aim of the present study was to evaluate the estrogenic effects of these three compounds on the abundant,
reef-associated sergeant major damselfish, Abudefduf saxatilis. As no genomic information of A. saxatilis was available, the first part of the
study was to isolate and to sequence the vitellogenin (VTG) and B-actin genes. In the second part, the potential estrogenicity of the three
compounds in juvenile fish (<5 cm) was studied using gene expression and protein synthesis analyses to evaluate the induction of VTG. Fish
were exposed to doses of 5, 25, and 50 ug g! of oxybenzone, octyl salicylate, octinoxate, and to a mixture of them in a similar proportion to the
one used in commercial personal care products. An increment in alkali-labile phosphate was observed in all treatments, but it was only
statistically significant in the positive control (17p-estradiol). Relative gene expression was only statistically augmented in the positive control.

Key words: sunscreen, Abudefduf saxatilis, vitellogenin.

RESUMEN. La oxibenzona, el octil salicilato y el octinoxato son compuestos empleados en una gran variedad de productos como proteccion
contra la exposicion a la radiacion ultravioleta. En los ultimos afios ha aumentado la preocupacion en cuanto a su seguridad ambiental, ya que
estudios han demostrado que tienden a bioacumularse y actuar como xenoendocrinos en organismos acuaticos. A la fecha, no se han realizado
estudios sobre su impacto en especies asociadas a arrecifes tropicales. Por ello, el presente trabajo investiga los efectos estrogénicos de tres
filtros ultravioleta en el pez sargento, Abudefduf saxatilis. Dada la falta de informacidén genomica disponible para A. saxatilis, una primera parte
del estudio consistio en aislar y secuenciar los genes de la vitelogenina (VTG) y B-actina. En una segunda etapa, se estudiaron los efectos
estrogénicos de estos tres compuestos evaluando la induccioén de la expresion genética y de la sintesis de la VTG en organismos juveniles
(<5 cm). Los peces se inyectaron intraperitonealmente con dosis de 5, 25 y 50 pg g~! peso himedo de oxibenzona, octil salicilato, octinoxato y
una mezcla de ellos en proporciones similares a las empleadas en las lociones comerciales. Aunque se observo un aumento en la produccion de
fosforo 1abil al alcali en todas las muestras tratadas con los filtros UV, el incremento sélo fue estadisticamente significativo en el control
positivo (17B-estradiol). El incremento en la expresion relativa del gen fue también estadisticamente significativo inicamente en el control
positivo.

Palabras clave: bloqueador solar, Abudefduf saxatilis, vitelogenina.

INTRODUCTION INTRODUCCION
Skin problems related to ultraviolet radiation (UV) have Los problemas dermatologicos debidos a la radiacion
promoted the development of organic compounds capable of ultravioleta (UV) han impulsado el desarrollo de compuestos
absorbing UV rays and mitigating the harmful effects of sun organicos capaces de absorber los rayos UV y atenuar los
exposure. The uses of these compounds have diversified and impactos negativos de la exposicion al sol. Su espectro de
they are currently also used as additives in numerous uso se ha diversificado y se pueden encontrar ahora también
products (Schlumpf et al. 2004). como aditivos en numerosos productos (Schlumpf et al.
Compounds such as oxybenzone (benzophenone-3, 2- 2004).
hydroxy-4-methoxyphenyl benzophenone), octyl salicylate Los compuestos como la oxibenzona (3-benzofenona, 2-
(2-ethylhexyl salicylate), and octinoxate (2-ethylhexyl trans- hidroxi-4-metoxifenil benzofenona), el octil salicilato (2-
4-methoxycinnamate) are used in different products that pro- etilhexil salicilato) y el octinoxato (2-etilhexil trans-4-
vide protection against solar radiation, especially in cosmetic metoxicinamato) son usados en diferentes productos para la
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sunscreens (Giokas et al. 2007). A series of surveys
conducted in the Cancun hotel zone revealed that these three
compounds are among the five most active ingredients in
sunscreens used by national and foreign tourists and by the
local inhabitants (Rodriguez-Fuentes et al. 2010).

The possible endocrine disrupting effects of UV filters
were first considered more than a decade ago when Schlumpf
et al. (2001) reported that exposure to these compounds
altered embryonic development in rats. Since then, the num-
ber of studies on the estrogenic activity and antithyroid
effects of certain UV filters has multiplied (Schlumpf et al.
2004, Giokas et al. 2007, Diaz-Cruz and Barcelé 2009).
Coronado et al. (2008) observed a clear estrogenic response
in trout and Japanese medaka exposed to oxybenzone.
Though the response occurred at concentrations higher than
those found in the environment, it is important to keep in
mind that these compounds tend to bioaccumulate (Buser
et al. 2006, Bachelot et al. 2012).

Vitellogenin (VTG) is a molecular biomarker commonly
used for the rapid detection of the estrogenic effects of chem-
ical compounds on biological samples (Kime et al. 1999,
Rotchell and Ostrander 2003). It is the egg-yolk precursor
protein that under normal conditions is expressed in mature
female fish, reptiles, amphibians, and birds. When exposed to
xenoendocrine contaminants, VTG expression can be
induced in males as well as in juvenile organisms (Kime
etal. 1999, Scholz et al. 2004). The expression of the VTG
gene and the level of induced protein are used to monitor
endocrine alterations in environmental risk assessments
(Van der Oost et al. 2003).

Some fishes, including the Japanese medaka Oryzas
latipes, the zebrafish Danio rerio, the fathead minnow
Pimephales promelas, and the rainbow trout Oncorhynchus
mykiss, are considered suitable models for the study of
endocrine alterations (Scholz et al. 2004, Kunz et al. 2006,
Coronado et al. 2008). To date, however, the effects of
endocrine disruptors have not been studied in Caribbean reef
fishes, which may be more susceptible to exposure to UV
filters because of the intense tourist activity in the region.

The sergeant major damselfish, Abudefduf saxatilis
(Linnaeus 1758), inhabits shallow reefs and coastal lagoons.
It is omnivorous, abundant, widely distributed, territorial, and
easily identifiable. Juvenile damselfish (<5 cm) are found in
shallow waters of reef lagoons and tide pools, and are thus
easy to catch. Under normal conditions, the VTG gene is
expressed when the individuals attain sexual maturity
(approximately one year, >10 cm) (Robertson 1988). These
characteristics make A. saxatilis an organism of particular
interest for monitoring pollution in coral reef zones.

The objective of the present study was to evaluate the
effect of three UV filters and a mixture of them on VTG syn-
thesis in A. saxatilis and attempt to establish its suitability as
a sentinel organism in future ecotoxicological studies in
Caribbean reef zones.
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proteccion contra la radiacion solar, en particular en las
lociones cosméticas bloqueadoras solares (Giokas et al.
2007). Una serie de encuestas realizadas en la zona hotelera
de Canctin mostrd que estos tres compuestos se encuentran
entre los cinco ingredientes activos en las lociones bloquea-
doras mas usadas por los turistas nacionales, extranjeros y
habitantes de la zona (Rodriguez-Fuentes et al. 2010).

El posible impacto endocrino de los filtros UV fue
sugerido por primera vez hace un poco mas de una década,
cuando se registr6 que la exposicidn a estos compuestos
altera el desarrollo de embriones de ratas (Schlumpf et al.
2001). Desde entonces, se han multiplicado los estudios
sobre la actividad estrogénica y antitiroidal de ciertos filtros
UV (Schlumpf et al. 2004, Giokas €t al. 2007, Diaz-Cruz y
Barceld 2009). Coronado et al. (2008) registraron una clara
respuesta estrogénica en truchas y medaka japonés debida a
la exposicion a la oxibenzona. Aunque la respuesta se
observo a concentraciones mayores que las registradas en el
ambiente, hay que tomar en cuenta que estos compuestos son
propensos a bioacumularse (Buser et al. 2006, Bachelot et al.
2012).

La vitelogenina (VTG) es un biomarcador molecular
comunmente usado para detectar rapidamente los efectos
estrogénicos de compuestos quimicos en muestras biologicas
(Kime et al. 1999, Rotchell y Ostrander 2003). La VTG es la
fosfoglucolipoproteina precursora de la yema de huevo
expresada bajo condiciones normales en las hembras madu-
ras de peces, reptiles, anfibios y aves. Bajo contaminacion
con compuestos xenoendrocrinos, la expresion de la VTG se
puede inducir tanto en machos como en organismos juveniles
(Kime et al. 1999, Scholz et al. 2004). Se suele usar la expre-
sion del gen de VTG, asi como el nivel de proteina inducida,
para monitorear las alteraciones endocrinas en estudios de
riesgo ambiental (Van der Oost et al. 2003).

Algunos peces como el medaka japonés Oryzias latipes,
el pez cebra Danio rerio, la carpita cabezona Pimephales
promelas y la trucha arcoiris Oncorhynchus mykiss han sido
considerados modelos apreciados para los estudios de las
alteraciones endocrinas (Scholz et al. 2004, Kunz et al. 2006,
Coronado et al. 2008). Desafortunadamente, a la fecha, no se
han estudiado estos efectos en peces arrecifales caribefios, los
cuales podrian ser mas susceptibles de encontrarse expuestos
a filtros UV por la intensa actividad turistica.

El pez sargento, Abudefduf saxatilis (Linnaeus 1758), es
abundante, de distribucion amplia, territorialista, de facil
identificacion y omnivoro, y vive en las zonas someras de los
arrecifes y lagunas costeras. Los juveniles del pez sargento
(<5 cm) se encuentran en zonas someras de las lagunas
arrecifales y las charcas intermareales, lo cual facilita su
muestreo. Bajo condiciones normales, no presentan expre-
sion de la VTG hasta su madurez sexual (aproximadamente
un aflo, >10 cm) (Robertson 1988). Estas caracteristicas vuel-
ven al pez sargento un organismo de particular interés en el
monitoreo de la contaminacion en zonas arrecifales.
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MATERIALS AND METHODS

The organisms were captured under fishing permit
No. DGOPA.09749.140909.3161 granted by the Mexican
National Commission for Aquaculture and Fisheries
(CONAPESCA) of the Ministry of Agriculture, Livestock,
Rural Development, Fisheries, and Food (SAGARPA), and
approved by the National Fisheries Institute (INP) and
Ministry of the Environment and Natural Resources
(SEMARNAT). Juvenile A. saxatilis were collected from tide
pools at Punta Brava, Quintana Roo, using aquarium nets and
quickly transported to acclimation tanks. The experimental
design of this bioassay took into consideration the recom-
mendations given by APHA et al. (2005, section 8910).

Only individuals measuring less than 5 cm and more than
2 cm total length were captured to ensure that they were in
their juvenile stage. All organisms used in this study were
acclimated in eight 60-L fiberglass tanks with continuous
flow of filtered seawater. The organisms were acclimated for
three weeks prior to the bioassay, and during this time they
were fed ad libitum twice daily with a commercial feed for
tropical fish and live Artemia salina nauplii.

Given that hormones regulate VTG gene expression, to
obtain the VTG sequence the fish were exposed to 17p-estra-
diol (E2). Five organisms in separate 20-L tanks were
exposed to 100 ng L' of E2 for three days with daily partial
water changes. A HACH SensION 5 multiparameter meter
was used to measure the environmental parameters: tempera-
ture, 27.2 + 0.3 °C; salinity, 28.2 £ 0.1; dissolved oxygen,
7.7+ 03 mg L'; and pH, 7.85 = 0.2. The organisms were
dissected immediately after being sacrificed to remove the
liver, and the samples were stored in RNALater at —80 °C.

In the bioassay to detect the potential estrogenicity of UV
filters, the compounds were diluted in 2.5 mL molecular
biology grade ethanol and the final volume was adjusted
to 10 mL with corn oil (Leafios-Castafieda and Van Der
Kraak 2007). The concentration was calculated so that the
final injection volume was 10 puL per gram of fish (wet
weight basis). The bioassay consisted of a positive control
treatment (E2 at a dose of 5 pg g'); a negative (solvent)
control treatment (25% molecular biology grade ethanol in
corn oil); three treatments with oxybenzone (doses of 5, 25,
and 50 pg g'); three treatments with octyl salicylate (doses
of 5, 25, and 50 pg g'); three treatments with octynoxate
(doses of 5, 25, and 50 pg g'); and a mixture containing
5 ug g! oxybenzone + 6 pug g! octyl salicylate + 7.5 pg g!
octynoxate (proportion commonly found in commercial
sunscreens). The doses were selected based on preliminary
studies to guarantee the sublethality of the assay.

Seven juvenile organisms per treatment, measuring from
2 to 5 cm, were injected intraperitoneally (to ensure uptake of
the compounds) using 0.3-mL sterile insulin syringes (short
needle). The compounds were applied in a single injection to
minimize damage due to handling of the organism during the
experiment.
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En este trabajo se estudio el efecto de tres filtros UV y
una mezcla de ellos sobre la sintesis de la vitelogenina en los
juveniles de A. saxatilis con la posibilidad de sentar bases en
su uso posterior como especie centinela en estudios de eco-
toxicologia en la zona arrecifal caribea.

MATERIALESY METODOS

La captura de los organismos se llevo a cabo bajo el per-
miso de pesca de fomento No. DGOPA.09749.140909.3161
por parte de la Comision Nacional de Acuacultura y Pesca de
la Secretaria de Agricultura, Ganaderia, Desarrollo Rural,
Pesca y Alimentacion, y con revision del Instituto Nacional
de Pesca y la Secretaria de Medio Ambiente y Recursos
Naturales. Los juveniles de A. saxatilis fueron capturados
usando redes de acuario en las charcas intermareales de punta
Brava, Quintana Roo, y fueron trasladados rapidamente a
estanques de aclimatacion. El disefio experimental del pre-
sente bioensayo tom6 en consideracion las recomendaciones
de APHA et al. (2005, seccion 8910)

Se capturaron solamente individuos con una longitud
total menor que 5 cm y mayor que 2 cm para asegurar su esta-
dio juvenil. Todos los organismos usados en este estudio se
aclimataron en ocho estanques de fibra de vidrio de aproxi-
madamente 60 L, con flujo continuo independiente de agua
de mar filtrada. Los organismos fueron aclimatados durante
tres semanas previas al bioensayo. Durante todo el tiempo de
aclimatacion, se les alimentd ad libitum dos veces al dia con
alimento comercial para peces tropicales y nauplios vivos de
Artemia salina.

Dado que la expresion del gen de VIG es regulada
hormonalmente, para la obtencion de la secuencia de VTG, se
expusieron peces sargento con 17B-estradiol (E2). Cinco
organismos en estanques de 20 L separados fueron expuestos
a una concentracion de 100 ng L' de E2 durante tres dias
con cambios parciales de agua diariamente. Los parametros
ambientales fueron medidos mediante una sonda multi-
parametro HACH SensION 5: temperatura, 27.2 + 0.3 °C;
salinidad, 28.2 + 0.1; oxigeno disuelto, 7.7 + 0.3 mg L™!; pH,
7.85 £ 0.2. Los organismos se disectaron inmediatamente
después del sacrificio para la remociéon de su higado, y las
muestras se almacenaron en RNALater a —80 °C.

Para el bioensayo del efecto estrogénico de los filtros UV,
los compuestos fueron diluidos en 2.5 mL de etanol grado
biologia molecular aforando a 10 mL con aceite de maiz
(Leafios-Castafieda y Van Der Kraak 2007). La concentracion
se calculé de manera que el volumen final de inyeccion fuera
de 10 pL por gramo de pez en peso himedo. Los tratamientos
utilizados consistieron en un control positivo (E2 a una dosis
de 5 pg g™); un control negativo de solvente (25% etanol
grado biologia molecular en aceite de maiz); tres tratamientos
con oxibenzona (dosis de 5, 25 y 50 pug g); tres tratamientos
con octil salicilato (dosis de 5, 25 y 50 ug g); tres trata-
mientos con octinoxato (dosis de 5, 25 y 50 pg g); y una
mezcla que contenia 5 pg g!' de oxibenzona + 6 pg g'de
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Organisms were exposed to the compounds for 96 h.
During this time, the environmental parameters were moni-
tored: water temperature, 26.3 £ 0.6 °C; salinity, 29.3 £ 0.1;
pH, 8.1 + 0.2; and dissolved oxygen, 8.5 + 0.5 mg L-!. Imme-
diately after sacrificing by hypothermic shock, approxi-
mately two-thirds of the liver was placed in 20% glycerol
until the subsequent protein analysis and the remaining third
was stored in RNALater for quantification by polymerase
chain reaction (PCR). The samples were kept at —80 °C until
their respective analyses.

For the extraction of RNA, the Sigma GenElute Total
RNA Miniprep Kit was used following the manufacturer’s
instructions. RNA was quantified using the method described
by Gallagher and Desjardins (2006), measuring the absorp-
tion at 260 nm in a NanoDrop ND-1000 spectrophotometer.
Retrotranscription was performed using Invitrogen Super-
script III First-Strand Synthesis SuperMix according to the
manufacturer’s instructions. To obtain the VTG and B-actin
gene fragments, oligonucleotides were designed from
sequences reported for marine fish (table 1). End-point PCR
was achieved for the designed oligonucleotides. The amplifi-
cation conditions were initial denaturation at 95 °C for 5 min;
followed by 35 cycles of 30 s at 95 °C, 30 s at 60 °C, and 30 s
at 72 °C; and a final extension at 72 °C for 5 min. The ampli-
cons were then purified. Sequencing was carried out at the
Genome Center of the University of California at Riverside.
The NCBI Basic Local Alignment Search Tool (BLAST) was
used to compare and identify the sequences in GenBank.

Based on the sequences obtained, quantifying oligo-
nucleotides were designed (table 1). The gPCR analyses were
carried out using a 48-well Applied Biosystems StepOne
System. The reagents provided by the Invitrogen Platinum
SYBR Green Kit were used following the manufacturer’s
recommendations. The efficiency of the method was verified
by a series of cDNA dilutions for each of the oligonucleotide
pairs. The amplification conditions were one initial denatur-
ation cycle at 95 °C for 5 min, followed by 35 cycles of 30 s
at 95°C, 30 s at 60 °C, and 30 s at 72 °C. The DNA denatur-
ation curve consisted of one initial denaturation at 95 °C for
15 s, followed by a ramp from 60 to 95 °C with an increase of
3°Cevery 15s.

The relative expression was quantified by the AACt
method. The B-actin gene was selected as the internal control
gene after verifying that its expression was not affected by
the treatment. There were no statistical differences in the Ct
of B-actin between any of the treatments (P > 0.05).

The alkali-labile phosphate (ALP) method was used to
determine VTG (Gagné and Blaise 2000). This method is
based on solvent extractions of protein precipitates. The pro-
tein phosphatases are liberated after alkaline hydrolysis with
NaOH. The phosphate levels can be measured by colorimetry
because the phosphomolybdate complex is reduced to a blue
complex by ascorbic acid.

All statistical analyses were performed using GraphPad
Prism v5.0 (GraphPad Software Inc., San Diego, USA). The
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octil salicilato + 7.5 pug g de octinoxato (proporcion que es
comun en las cremas bloqueadoras solares que se venden
comercialmente). Las dosis se seleccionaron con base en
estudios preliminares para garantizar la subletalidad del
ensayo.

Siete organismos juveniles por tratamiento, con una talla
entre 2 y 5 cm, fueron inyectados intraperitonealmente (para
garantizar la captacion de los compuestos) usando jeringas
estériles para insulina de 0.3 mL con aguja corta. La
aplicacion de los compuestos fue en una inyeccion tinica para
minimizar el dafio por manejo del organismo durante el
experimento.

Durante la exposicion (96 h), se monitorearon los
parametros ambientales: temperatura del agua, 26.3 + 0.6 °C;
salinidad, 29.3 + 0.1; pH, 8.1 £ 0.2; y oxigeno disuelto,
8.5+ 0.5 mg L. Inmediatamente después del sacrificio por
choque hipotérmico, aproximadamente dos tercios del higado
fueron guardados en glicerol al 20% para un posterior
analisis de la proteina y el tercio sobrante fue almacenado en
RNALater para la cuantificacion por reaccion en cadena de la
polimerasa (PCR, por sus siglas en inglés). Las muestras se
guardaron a —80 °C hasta sus respectivos analisis.

Para la extraccion de ARN, se utiliz6 el Sigma GenElute
Total RNA Miniprep Kit siguiendo las instrucciones del
fabricante. La cuantificaciéon del ARN obtenido se realizd
mediante la técnica descrita por Gallagher y Desjardins
(2006), y la absorcion se midié a 260 nm en un espectrofotd-
metro NanoDrop ND-1000. La retrotranscripcion se realizé
usando el kit de Invitrogen Superscript III First Strand
Synthesis Super Mix siguiendo las instrucciones del fabri-
cante. Para la obtencion de fragmentos de los genes VIG y
B-actina, se disefiaron oligonucledtidos a partir de secuencias
registradas para peces marinos (tabla 1). Se realizaron las
amplificaciones por medio de PCR punto final para los oligo-
nucleétidos disefiados. Las condiciones de amplificacion
fueron una desnaturalizacion inicial a 95 °C durante 5 min;
seguida de 35 ciclos a 95 °C durante 30 s, a 60 °C durante
30s y a 72 °C durante 30 s; y una extension final a 72 °C
durante 5 min. Posteriormente, se purificaron los amplicones.
La secuenciacion se realizd en el Genome Center de la
Universidad de California en Riverside. Se realiz6 un analisis
de alineamiento de tipo local (BLAST) de las secuencias en
el sitio del NCBI para compararlas con las secuencias dispo-
nibles en la base de datos GenBank y buscar la identidad de
las mismas.

A partir de las secuencias obtenidas, se disefiaron oligo-
nucleétidos de cuantificacion (tabla 1). Los analisis de gPCR
fueron realizados en un equipo Applied Biosystems StepOne
de 48 pozos. Se usaron los reactivos provistos por el kit
Platinum SYBR Green de Invitrogen y se siguieron las
recomendaciones del proveedor. La eficacia del método se
verifico realizando una serie de diluciones de cADN para
cada una de las parejas de oligonucledtidos. Las condiciones
de amplificacion fueron un ciclo de desnaturalizacién inicial
a 95 °C durante 5 min, seguido de 35 ciclos a 95 °C durante
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Table 1. Primers used for sequencing and quantifying the vitellogenin and B-actin genes of Abudefduf saxatilis.
Tabla 1. Oligonucle6tidos empleados para la secuenciacion y cuantificacion de los genes de vitelogenina y B-actina de Abudefduf saxatilis.

Primer Target gene Sequence 5'-3"*

Sequencing primer
Sarg Vit F Vitellogenin TACMGNMGNTGGCTGGGG
Sarg Bactin F B-Actin TGCGTGACATCAAGGAGAAG

Quantification primer
qVTGF Vitellogenin GCCCAGATGGAGTCTAAGCA
qVTGR Vitellogenin ACTCGTACTGCAGGGTTCCA
qBactinF B-Actin ATTCCGCAGGGACTCCATA
gBactinR B-Actin TCCCTGGAGAAGAGCTACGA

*Where M=A+C,N=A+C+G+T,V=G+A+C

results were subjected to a Kruskal-Wallis nonparametric
one-way analysis of variance followed by Dunn’s post hoc
test.

RESULTS

In view of the lack of genomic information on A.
saxatilis, isolating the partial sequences of the VTG gene and
the B-actin gene (control) was a necessary first step for this
study. The BLAST analysis of the sequence obtained for the
B-actin gene revealed a maximum identity of 93% with an
expected value (E value) of 2e-64. The species with that per-
cent identity to B-actin were tropical marine species such as
the groupers Epinephelus merra and E. coioides, the labrid
Dicentrarchus labrax, and the bicolor damselfish Segastes
partitus. The VTG sequence had 76% maximum identity to
the other sequences available in GenBank for VTG B. The
BLAST analysis revealed similarities with marine species
such as the red sea bream Pagrus major (E value of 2¢-24),
the flathead mullet Mugil cephalus (E value of 9¢-23), the
bluefin tuna Thunnus thynnus (E value of 3e-22), and the
striped bass Morone saxatilis (E value of 1e-21). The partial
sequence of the VTG gene was registered in GenBank under
accession number JN178942. The B-actin sequence (183 bp)
had less than 200 bp and was thus not registered.

In the bioassay, none of the organisms died after 96 h of
injection. An increase in ALP was observed in all the treat-
ments using UV filters, but it was only significant in the
treatment using E2 (fig. 1). Regarding the relative expression
of the VTG gene, only the positive control (E2) showed
statistically significant gene induction (fig. 2).

DiscussioN

Phylogenetic studies have shown that the group of VTG
genes has undergone many variations as a result of duplica-
tions and rearrangements (Finn et al. 2009). This group
existed before the tetrapods separated from the fishes some
450 million years ago, and it has continued to evolve to the
extent that several copies of the gene have been discovered in
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30 s, a 60 °C durante 30 s y a 72 °C durante 30 s. La curva de
desnaturalizacion de ADN consisti6 en una desnaturalizacion
inicial a 95 °C durante 15 s, seguida de una rampa de 60 a
95 °C con un incremento de 3 °C cada 15 s.

Para la cuantificacion de la expresion relativa, se empled
el método AACt. El gen de B-actina se eligié como gen de
control interno al verificar que no existia un efecto del
tratamiento en su expresion. No se encontraron diferencias
estadisticamente significativas en los Ct de B-actina entre
ninguno de los tratamientos (P > 0.05).

La determinacion de VTG se realizé mediante el método
de fosforo labil al alcali (ALP, Gagné y Blaise 2000). El
método esta basado en la precipitacion de proteina con una
serie de extracciones por solventes. Los fosfatos proteicos
son entonces liberados tras una hidrdlisis al alcali con NaOH.
Los niveles de fosfatos se pueden medir por colorimetria
debido a que el complejo azul de fosfomolibdato es formado
por la reduccioén con molibdato y acido ascorbico.

Los analisis estadisticos de los resultados y sus graficas
se realizaron con el programa Graph Pad Prism v5.0 (Graph
Pad Software Inc., San Diego, EUA). Los resultados fueron
sometidos a un analisis de varianza de una via no para-
métrico de Kruskal-Wallis, seguido de un analisis post hoc de
Dunn.

RESULTADOS

Dada la falta de informacion genémica sobre A. saxatilis,
el aislamiento de las secuencias parciales de los genes de
VTG y B-actina (el gen de referencia) fue un paso primordial
para el desarrollo del estudio. El andlisis BLAST de la
secuencia obtenida para el gen de B-actina dio una maxima
identidad del 93% con un valor esperado (valor E) de 2e-64.
Las especies con ese porcentaje de identidad para B-actina
fueron especies marinas tropicales como los meros
Epinephelus merra y E. coioides, el labrido Dicentrarchus
labrax y la damisela Segastes partitus. La secuencia de VTG
dio 76% de méxima identidad contra las otras secuencias
disponibles en el GenBank para VTG B. El analisis BLAST
revelo similitud con especies marinas como el pargo Pagrus
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Figure 1. Concentration of alkali-labile phosphate (ALP) in the
liver of juvenile Abudefduf saxatilis exposed to different doses of
UV filters. The horizontal lines represent the medians, the
rectangles the interquartile range, and the whiskers the maximum
and minimum values. The asterisk indicates statistical differences
relative to the control (P < 0.05). Abbreviations: Neg, negative
control; E2, 17p-estradiol; OXI, oxybenzone; OS, octyl salicylate;
ONX, octinoxate; Mix, mixture of 5 ug g! OXI+ 6 pg g! OS +
7.5 ug g OXN; 5, 25, and 50 represent the doses (ug g™).
Figura 1. Concentracion de fosforo labil al alcali (ALP) en higado
de juveniles de Abudefduf saxatilis expuestos a diferentes dosis de
filtros UV. Las lineas horizontales representan las medianas, los
rectangulos el rango intercuartilico y los bigotes los maximos y
minimos. El asterisco indica diferencias estadisticas respecto al
control (P < 0.05). Claves: Neg, control negativo; E2, 17f-
estradiol; OXI, oxibenzona; OS, octil salicilato; ONX, octinoxato;
Mix, mezclade 5 pg g OXI+6 pg g ! OS + 7.5 ug g OXN; 5,
25y 50 representan las dosis en ug g!.

teleosts (Finn et al. 2009). To date, 20 VTG genes have been
isolated in the trout Oncorhynchus mykiss (Buisine et al.
2002), 11 in the labrids Centrolbrus exoletus and Labrus
mixtus, and 8 in the zebrafish Danio rerio (Wang et al. 2005,
Finn et al. 2009). The level of expression of these genes
seems to depend on the species, sex, development stage, and
even tissue (Tong et al. 2004). VTG genes have been found,
albeit with lower expression levels, in tissues such as gonads
(ovaries and testes) and intestines (Wang et al. 2005, Woods
et al. 2009).

The few conservation areas in the VTG gene between
species and the number of copies within the same species
make it difficult to obtain the gene sequence when it is not
known. In the present study we were able to isolate and
sequence a portion of a VTG gene whose expression is
induced by E2 in the liver. The BLAST analysis indicated
that it could be a B-type of VTG because of its similarity to
other reported VTG B. There are three types of VTG genes.
The most ancestral is considered to be VTG C. It is ortholo-
gous to the chicken VTG and is believed to have separated
from VTG A after a whole-genome duplication event. In
teleosts, VIG A underwent another duplication and two
paralogs were formed: VTG A and VTG B (Finn et al. 2009);
both are involved in vitellogenesis.
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Figure 2. Relative expression of the vitellogenin gene in the liver
of juvenile Abudefduf saxatilis exposed to different doses of UV
filters. The horizontal lines represent the medians, the rectangles
the interquartile range, and the whiskers the maximum and
minimum values. The asterisk indicates statistical differences
relative to the control (P < 0.05). Abbreviations: same as in
figure 1.

Figura 2. Expresion relativa del gen de VTG en higado de
Abudefduf saxatilis expuesto a diferentes dosis de filtros UV. Las
lineas horizontales representan las medianas, los rectangulos
el rango intercuartilico y los bigotes los maximos y minimos.
El asterisco indica diferencias estadisticas respecto al control
(P <0.05). Claves: las mismas que en la figura 1.

major (valor E de 2e-24 ), la lisa Mugil cephalus (valor E de
9e-23), el atun Thunnus thunnys (valor E de 3e-22) y la
lubina Morone saxatilis (valor E de 1e-21). La secuencia par-
cial del gen de la VTG fue registrada en el GenBank con
numero de acceso JN178942. Por tener menos de 200 pb, la
secuencia de B-actina (183 pb) no se registro.

En lo referente al bioensayo, ninguno de los organismos
murid transcurridas las 96 h posteriores a la administracién
de los compuestos. Se observé un incremento de ALP en
todos los tratamientos con filtros UV, pero el incremento sélo
fue significativo para el tratamiento con E2 (fig. 1). Con res-
pecto a la expresion relativa del gen de VTG, unicamente el
control positivo con E2 presentd una induccion del gen esta-
disticamente significativa (fig. 2).

DiscusiON

Estudios filogenéticos han demostrado que el grupo de
los genes de VTG ha experimentado muchas variaciones a
través de duplicaciones y rearreglos (Finn et al. 2009). Este
grupo existia desde antes de la separacion entre los tetra-
podos y los peces hace unos 450 millones de afios, y se ha
seguido diferenciando hasta el punto de que en los teledsteos
se ha descubierto la presencia de varias copias del gen (Finn
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The relative expressions of the VTG gene and the ALP
concentrations in the liver of juvenile A. saxatilis in the
treatments with UV filters were not significantly different
from the negative control. Similarly, other authors did not
observe an increase in the concentration of VTG or gene
expression in fish exposed to oxybenzone (Kunz et al. 2006,
Bliithgen et al. 2012); however, in the Japanese medaka and
trout, significant induction of VTG was observed at 629 and
749 ug L', respectively (Coronado et al. 2008). In the case
of octinoxate, Inui et al. (2003) reported a slight increase in
VTG in the plasma of Japanese medaka, but contrary to
our findings, they observed a significant increase in gene
expression.

These differences can be related to the doses and experi-
mental design used, and to the time and type of exposure.
Briefly, VTG is synthesized in the liver by induction of its
coding gene by response elements formed by E2 in the estro-
gen receptors (Clelland and Peng 2009). It is a complex chain
of reactions. In the present study, the organisms were
exposed to E2 and UV filters for 96 h and were then sacri-
ficed. Two important stages of this chain of reactions were
measured: induction of gene expression and protein synthe-
sis. It is important to consider that the experimental exposure
scheme is completely different from that used when organ-
isms are subjected to exposure in water over longer periods
of time. For example, in fathead minnows (Pimephales
promelas) exposed to 2-ethyl-hexyl-4-trimethoxycinnamate
for 14 days, Christen et al. (2011) observed an increase in the
plasma VTG concentrations, but the expression of the gene in
other organs was not significant. Other studies have observed
a delay between protein synthesis and gene expression.
Hyndman et al. (2010) studied the effect of E2 on vitellogen-
esis of male P. promelas by varying the exposure dose and
time. In the organisms that had not been exposed for a few
days before the end of the bioassay it was not possible to
measure the VTG gene expression but it was possible to mea-
sure the plasma protein level. Schmid et al. (2002) studied
the kinetics of vitellogenesis in male P. promelas and
observed saturation of mRNA production followed by a rapid
decrease three days after exposure. This seems to coincide
with the times required for VTG synthesis in different fish
species (Navas and Segner 2006). In the trout O. mykiss,
Vaillant et al. (1988) determined a time of 2 h for mRNA
induction using the Dot Blot method and of 20 h for protein
synthesis using the radioimmunoassay (RIA) method. Times
of 24 to 96 h have been reported using the enzyme-linked
immunosorbent assay (ELISA) and ALP (Navas and Segner
2006). Due to the delay between gene expression and protein
synthesis, Scholz et al. (2004) recommend the measurement
of protein levels by ELISA for long-term exposure studies,
whereas the detection of mRNA may be sufficient in short-
term studies.

The lack of effect may also be attributed to species-
specific differences that can be related to differences in the
biotransformation of the UV filters. For example, the
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et al. 2009). A la fecha, se han aislado hasta 20 genes de
VTG en la trucha Oncorhynchus mykiss (Buisine et al. 2002),
11 en los labridos Centrolbrus exoletus y Labrus mixtus, y 8
en el pez cebra Danio rerio (Wang et al. 2005, Finn et al.
2009). El nivel de expresion de estos genes parece depender
de la especie, del sexo, de la etapa de desarrollo y hasta del
tejido (Tong et al. 2004). En efecto, se han encontrado genes
de VTG en tejidos diferentes, aunque con expresiones
inferiores, como las gonadas (ovarios y testiculos) y los intes-
tinos (Wang et al. 2005, Woods et al. 2009).

Las pocas zonas de conservacion en el gen de VTG entre
las especies y el numero de copias dentro de una misma
especie dificultan entonces la obtencion de la secuencia del
gen cuando se desconoce. En este estudio se logré aislar y
secuenciar una porcion de un gen de VTG cuya expresion es
inducida por E2 en el higado. El analisis BLAST indic6é que
se podria tratar de un gen de VTG B por su similitud a otras
VTG B registradas. Las VTG se dividen en tres tipos. Se con-
sidera que el gen VTG C es el mas ancestral, y al ser ortélogo
con el de la VTG de gallina, se cree que se separd del gen
VTG A tras un evento de duplicacion del genoma entero. En
los teleodsteos, el VTG A se habra duplicado nuevamente y se
formaron dos paralogos, VTG A 'y VTG B (Finn €t al. 2009),
los dos involucrados en la vitelogénesis.

Para todos los tratamientos con filtros UV, las expresiones
relativas del gen de VTG y las concentraciones de ALP en los
higados de los juveniles de A. saxatilis expuestos no resul-
taron significativamente diferentes del control negativo. En
concordancia a estos resultados, otros autores tampoco han
encontrado un incremento en la concentracion de VTG o en
la expresion del gen en otros peces expuestos a oxibenzona
(Kunz et al. 2006, Bliithgen et al. 2012); sin embargo, para
el medaka japonés y la trucha se observd una induccién
significativa de VTG a 629 y 749 nug L', respectivamente
(Coronado et al. 2008). Con respecto al octinoxato, Inui et al.
(2003) registraron un ligero incremento en la medicion de
VTG en el plasma del medaka japonés, pero contrario al pre-
sente estudio, encontraron un incremento significativo en la
expresion del gen.

Las diferencias entre estos estudios pueden estar relacio-
nadas con las dosis y el disefio experimental utilizado, y al
tiempo y tipo de exposicion. De manera simplificada, la VTG
se sintetiza en el higado por induccion de su gen codificante
por elementos de respuesta formados por E2 en los receptores
de estrogeno (Clelland y Peng 2009); es una cadena compleja
de reacciones. La exposicion de los organismos a E2 y los
filtros UV en nuestro trabajo fue puntual y duré 96 h; al
transcurrir este tiempo, se sacrificaron los organismos. Se
midieron dos etapas importantes de esta cadena de reaccio-
nes: la induccion de la expresion del gen y la proteina sinteti-
zada. Hay que tomar en cuenta que el esquema de exposicion
es completamente diferente al que se tiene en una exposicion
administrada en el agua durante tiempos de exposicion mas
largos. Por ejemplo, en Pimephales promelas expuestos a 2-
etil-hexil-4-trimetoxicinamato durante 14 dias, Christen et al.
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estrogenic potential of oxybenzone increases in its metabo-
lites (Molina-Molina et al. 2008). The differences in the
metabolism of the compounds is also related to the develop-
ment stage of the organisms. For example, the transformation
of oxybenzone to benzophenone-1 is absent in zebrafish
embryos, but does occur in adults and reduces estrogenic
activity (Bliithgen et al. 2012).

The transcriptional regulation of VTG is due to the direct
interaction of the estrogen receptors with the hormonal com-
pounds and the cell transcription system. Estrogen receptors
are the link between E2, gene expression, and the chain of
mechanisms leading to protein synthesis (Brzozowski et al.
1997). They are found in different key tissues, the best stud-
ied being the ovaries, testes, liver, and brain. The recognition
of the hormone by the receptor is due to the complementarity
between the ligand cavity and the nonpolar part of E2 that
adopts a low-energy formation (Kah 2009). Unfortunately,
this ligand is not very selective and it can relate to several
xenoestrogens. E2 complements its receptor perfectly;
however, the compounds with estrogen activity do not and
they tend to induce fewer responses than E2 (Lawrence and
Hemingway 2003). The estrogenic effect of UV filters is thus
directly related to their interaction with the estrogen recep-
tors. Morohoshi et al. (2005) indicated that the three UV fil-
ters used in the present study have scant to null interaction
with the estrogen receptors of several organisms, and this
also helps to explain the lack of VTG synthesis in the
sergeant major damselfish.

In conclusion, the doses of oxybenzone, octyl salicylate,
and octinoxate used in this study did not induce the synthesis
of VTG in the liver of juvenile A. saxatilis. The absence of
VTG synthesis could be related to species-specific character-
istics. Future studies should examine the differences that
determine whether the species have or do not have an estro-
genic response to UV filters. All this information will be very
useful in ecological and environmental risk assessments of
these widely used products.
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