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a b s t r a c t

Embryos of Mediterranean sea urchin Paracentrotus lividus and subtropical Echinometra mathaei were
exposed to 5,10, 15 and 20 mg L�1

, and to 1, 2, 3 and 4 mg L�1 mercuric chloride (HgCl2), respectively. The
effective concentration (EC50) inducing malformation in 50% of 4-arm pluteus stage (P4) was 16.14 mg L�1

for P. lividus and 2.41 mg L�1 for E. mathaei. Two-photon (TP), second (SHG) and third harmonic gen-
eration (THG) microscopy techniques, TUNEL staining, propidium iodide (PI) and Hoechst 33342 probes
were used to detect light signals or to stain apoptotic and necrotic cells in fixed and alive plutei. Signals
were detected differently in the two species: TP fluorescence, commonly associated with apoptotic cells,
did not increase with increasing HgCl2 concentrations in P. lividus and in fact, the TUNEL did not reveal
induction of apoptosis. PI fluorescence increased in P. lividus in a dose-dependent manner, suggesting a
loss of cell permeability. In E. mathaei plutei TP fluorescence increased at increasing HgCl2 concentra-
tions. THG microscopy revealed skeletal rods in both species. Different fluorescent techniques, used in
this study, are proposed as early-warning systems to visualize malformations and physiological re-
sponses in sea urchin plutei.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

Mercury (Hg) is one of the most toxic and persistent elements
in the environment, deriving both from natural and anthropogenic
sources. This metal can enter the ecosystem through the break-
down of minerals, although significant amounts originate as a
result of human activities and discharges from metal smelting,
coal-burning power plants, municipal waste incineration, coal and
other fossil fuel combustion (Satoh, 2000). In aquatic ecosystems,
mercury is present mainly in inorganic elemental (Hg°, Hg2þ) or
organic methylated form and its bioavailability is influenced by
physical-chemical factors such as pH, dissolved organic carbon or
temperature of the water (Driscoll et al., 1994). Between the two
ionized states, the bivalent form is more stable and more fre-
quently found, and can bond with chloride (HgCl2) in salt water.
Mercury concentrations in aquatic environments are highly vari-
able, ranging from very low concentrations in open ocean to

concentrations as high as 16 mg L�1 in very polluted areas close to
industrial discharges (Plaschke et al., 1997; De Riso et al., 2000).

Toxic effects of mercury have been widely studied on fish
(Driscoll et al., 1994; Devil, 2006; Sinaie et al., 2010), due to their
relevance in human consumption. On the other hand, the impact
of mercury on marine environment has been investigated using
animal models, belonging to different trophic levels, and taking
into consideration various end-points such as behavior, re-
production, embryo and larval mortality or morbidity (Fernandez
and Beiras, 2001). In ecotoxicology studies, echinoderms are con-
sidered excellent bioindicators due to their dual role in pelagic and
benthic compartments (Bellas et al., 2005; Salamanca et al., 2009).
Furthermore, echinoderm gametes are easy to collect and fertili-
zation and larval development are well known (Pagano et al.,
1986). Studies on the toxicity of mercury on sea urchin species
have mainly been focused on the evaluation of the effective con-
centration (EC50) inducing 50% embryo and larval mortality, as
well as deformities, or sperm fertilization inhibition (Fernandez
and Beiras, 2001; Warnau et al., 1996).

In this study we analyzed the effect of increasing
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