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The sea urchin, Echinometra lucunter, is widely used in embryo-larval tests for ecotoxicological studies in Brazil
and other countries. For each test, sea urchins are collected from the wild and this can cause impact on wild
populations and it is limited by the weather and season which in turn limits the ability to carry out the tests.
Cryopreservation is a method of live biological material storage at low temperature and can be used for long
periods with little decline in viability, reducing the number of animals taken from the wild and enabling testing
to be carried out on demand, irrespective of spawning season or location. In this study, 15 combinations of
cryoprotective agents (CPAs) were evaluated on spermatozoa, subjected to a rapid cooling curve followed by
immersion in liquid nitrogen. Twenty-four CPA combinations were evaluated on eggs subjected to a more
gradual cooling curve in nitrogen vapor down to −35 °C and then plunging in liquid nitrogen. Fertilization tests
using cryopreserved spermatozoa gave high pluteus larvae yields (≈80%) when concentrations of 10.5% or
13.65% ME2SO or 13.65% ME2SO+15.75% sucrose were used. The higher concentrations of ME2SO plus sucrose were more eﬀective at maintaining the fertilization capacity of spermatozoa post-thawing. Egg cryopreservation was not successful with 0% fertilization observed post-thawing. The results suggest that it is feasible to
implement spermatozoa cryopreservation as technological innovation to create a sperm bank for E. lucunter,
which can be used in ecotoxicological tests, bringing beneﬁts for researches and contributing to the conservation
of the species.

1. Introduction
Aquatic ecotoxicity tests are an eﬀective means to evaluate environmental contamination [13,23] and play an essential role in studies
of impacts that chemicals cause to the environment [29]. Recently, in
the past few decades, it has gained recognition in Brazil and worldwide
as providing biological relevance to chemical data and enriching environmental contamination studies [39]. The sea urchin, Echinometra
lucunter, is often used in ecotoxicological tests to monitor water pollution [13,40]. It sensitivity at early developmental stages; ease of collection, fast life cycle [13,16,22,31,40], and wide distribution on the
Brazilian coast make it an ideal model species for such tests. Unlike
most ecotoxicity tests that use organisms cultivated in the laboratory,
sea urchins are collected from the environment [1], therefore can cause
impact on wild populations and can be limited by weather and season

to have high quality biological material and potentially limiting laboratory work. The ability to successfully cryopreserve E. lucunter
spermatozoa and eggs would beneﬁt ecotoxicology and academic research by enabling the laboratory storage and later use of excess gametes for new research or ecotoxicological tests [2,35]. This technique
makes the biological material available at any time of the year and at
any location, thereby contributing to reduction of its collection from the
environment, to consequent preservation of the species, and at the same
time allowing provision of gametes to ecotoxicological laboratories.
Previous studies present diﬀerent protocols for cryopreservation of
tissues, gametes, embryos and larvae for animal breeding and reproduction, and for species conservation [2,6,10,12,33]. In contrast to
mammals, ﬁsh, and plants, cryopreservation studies of marine invertebrates are limited to a smaller number of cell types and species
[35,36]. Protocols are generally species and cell type speciﬁc; thus, it is
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important to emphasize that there have been no previous studies involving the cryopreservation of Echinometra lucunter, the target species
of this study. The usual water toxicity tests using invertebrate marine
organisms to evaluate the environmental contamination levels are
widely studied and present biological meaning to chemical data, complementing the existing studies on environmental contamination
[8,15,39]. However, the availability of high-quality biological material
throughout the year is still a limiting factor for this technique [9,17].
Successful cryopreservation generally requires cells to be suspended
in solutions containing either permeating or non-permeating cryoprotective agents (CPAs) or both, to prevent intracellular ice formation and
reduce damage to cells from shrinkage, dehydration and exposure to
high solute concentrations [18,27,37]. Most cryoprotective agents
currently used are permeating cryoprotectants. That is, chemicals
capable of penetrating the cell membrane. When used, there are two
important procedures to follow: (i) gradual addition of the CPA before
freezing, and (ii) gradual removal after thawing. Exposure time is also
important to allow for equilibration, but also to avoid toxicity. Nonpermeating cryoprotectants, such as trehalose and sucrose, are generally less toxic and provide protection by stabilizing cell membranes
and reducing the salt concentrations cells are exposed to at a given
temperature [18]. The rate of cooling and thawing is also important.
Cells cooled too quickly generally freeze ice intracelllulary whereas
cells cooled too slowly are exposed to high solute concetrations [26].
Simarlarly, it is now generally accepted that thawing cells rapidly is
beneﬁcial, reducing the likelihood of devitriﬁcation and recrystallization damage [26]. Thus, the purpose of this study was to investigate the
preservation of the gametes of Echinometra lucunter using cryo-preservation techniques, and to attempt to evaluate the results in this
context ﬁrstly, and secondly to consider the application of the results.
In this study the eﬀects of diﬀerent CPAs solution for sperm and for
eggs were tested during cryopreservation technique, with an addition
method, a freezing temperature curve, a thawing temperature, and
spermatozoa concentration (108) used for fertilization were evaluated
to try to develop protocols for E. lucunter gametes. Altogether, ﬁve trials
were performed in 2015 using separate semen pools from the same
broodstock batch, to test twenty-four treatments (interactions between
extenders and cryoprotectants concentrations) for female gametes and
fefteen treatments (interactions between extender and cryoprotectant
concentrations) for male gametes. Trials were carried out in ﬁve replicates.

Fig. 1. Determining sex from the color of the gametes being released. Male (on the left) is
white, female (on the right) is orange. (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the web version of this article.)

using a Pasteur pipette. Spermatozoa were then transferred to an Eppendorf microtube (2 mL), and stored on ice to keep them inactive until
ready to be used in experiments.
The concentration of eggs to be used for fertilization was deﬁned
using the ABT NBR 15350:2012 method. For the male gamete sampling,
the dilution consisted of removing a 0.5 mL volume of concentrated and
fresh spermatozoa and adding a 24.5 mL volume of artiﬁcial seawater.
A 0.05 mL volume of fresh SPTZ was removed from this dilution and,
then, a 4.85 mL volume of artiﬁcial seawater was added to it. The total
volume of the solution for the fertilization tests was 5 mL. The concentration of spermatozoa was deﬁned using a Neubauer chamber, with
a dilution of a thousand times and, then, a 0,1 mL volume of iodinated
lugol was added to ﬁx the spermatozoa. Eggs were freely released from
the gonopores and sank to the bottom of the beaker. The quality of the
eggs released by each female was validated under a microscope and any
that were considered unacceptable (e.g. small size, unrounded, translucent) were not collected. The material was pooled, ﬁltered and siphoned to remove impurities and kept at room temperature (15 °C).
Eggs were diluted with artiﬁcial sea water at a rate ∼2000 eggs/mL.
Gametes from at least three males and three females randomly selected
were combined for each trial to ensure genetic variability. Eggs concentration were determined using a Sedgwick-Rafter chamber, with a
dilution of a hundred time. Sperm concentration was determined by
counting a known dilution of ﬁxed sperm on a Neubauer haemocytometer.

2. Materials and methods
2.1. Organism collection

2.3. CPA solutions

Adult E. lucunter were collected from the rocky shore of Curva da
Baleia, at Serra, Espírito Santo (Brazil), and transported in an insulated
box to the aquatic ecotoxicology laboratory of Aplysia, at Vitória,
Espírito Santo, Brazil. They were placed in tanks containing artiﬁcial
seawater and maintained under ideal conditions at a temperature of
25 °C, a salinity of 35% with natural photoperiod (12:12) and constant
aeration. Broodstock were held for at least 24 h before being used in
experiments and were fed with algae collected from the same area at
Curva da Baleia during this time.

The concentrations and types of CPA evaluated were selected based
on previous studies with marine invertebrates [2–6,11,19,30,32,34].
Reagents were obtained from Sigma-Aldrich Chemicals and Vetec and
solutions were prepared with artiﬁcial seawater with 35% salinity.
For sperm, 15 CPA solutions were prepared using dimethyl sulfoxide
(Me2SO) as a permeating CPA, with or without trehalose (TRE) or sucrose (SC) as non-permeating CPAs (Table 1). For oocytes, 24 CPA solutions were prepared using the permeating CPAs: ethylene glycol (EG),
propylene glycol (PG) and ME2SO with or without TRE.

2.2. Gamete collection
Gamete release was induced by injecting 2–4 mL of 0.5 M potassium
chloride (KCl) into the perioral region of each animal (Standard ABNT
No. 15350/2012). Animals were placed upside down over beakers
containing either artiﬁcial seawater or autoclaved artiﬁcial seawater
and left until spawning. Once spawning, sex was determined from the
color of the gametes being released (sperm = white, oocytes = orange,
Fig. 1). Males were removed from the water once spawning had begun
and sperm collected as concentrated as possible from the aboral region

2.4. Cryopreservation
2.4.1. Spermatozoa
Sperm held on ice, were diluted 1:20 with CPA solutions in four
ﬁxed molar steps, 5 min apart to avoid osmotic stress [18]. Diluted
sperm at a concentration of 109 mL−1 were then loaded into 0.25 mL
plastic straws and sealed with PVC powder. Straws were then placed on
an aluminum rack that had been pre-cooled on ice. Then, the aluminum
140
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Table 1
The concentrations of CPA tested in gamic material. The concentrations selected for the current study are highlighted in bold. TRE = Trehalose; SC = Sucrose.

Sperm

CPA

Individua Concentration (%)

Mix Concentration (%)

Dilution Water

Me2SO (ME2SO)

7.35, 10.5, 13.65
7.35, 10.5, 13.65
14, 20
14, 20
20

+
+
+
+
+

Artiﬁcial Seawater

Egg
PG
EG

TRE 5.25, 15.75
SC 5.25, 15.75
TRE 60
TRE 60
TRE 60

Artiﬁcial seawater, distilled water
Artiﬁcial seawater, distilled water
Distilled water,
Artiﬁcial seawater

Fig. 2. Post-thaw rate of embryo-larval development after 42 h (morula to prism stage - MP, normal pluteus - PN, and abnormal pluteus - PA). Rate of normal pluteus larvae for 7.35%,
10.5% and 13.65% ME2SO associated or not to trehalose or sucrose after thawing and fertilization of fresh eggs diluted in artiﬁcial seawater at 35%. The control sample evaluated the
capacity of fertilization and development of normal pluteus larvae from fresh spermatozoa diluted in artiﬁcial seawater at 35%. Data are expressed as the mean ± standard error. Values
with diﬀerent superscript letters are signiﬁcantly diﬀerent (p < 0.05; Dunnett's test).

rack was inserted into a freezing system, partially ﬁlled with LN2 in.
This gave a cooling rate of ∼15 °C min−1. After 10 min of cooling, the
straws were immersed in N2L and transferred to the cryovessel, in
which they were stored (at least an hour) until thawing. The straws
were thawed in water bath at 21 °C–22 °C for 30 s and CPA was removed by adding ASW in 3 ﬁxed steps, 5 min apart to avoid osmotic
injury.

evaluate the fertilization capacity of the sperm before cryopreservation
(control 3). To evaluate cryopreserved sperm, fresh eggs were used in
fertilization tests. However, no tests were performed on thawed eggs
since 100% of the eggs were lysed upon thawing. Parallel was carried
an embryo development test with fresh material, having taken 0.1 mL/
h of material incubated to evaluate on optical microscope development
of fertilized material until complete 42 h of incubation.
For each trial, a volume of 0.1 mL was removed from a concentrated
fresh egg suspension and added to 4.85 mL of artiﬁcial seawater. Sperm
were diluted (106 concentration) 50 fold in artiﬁcial seawater and then
0.05 mL of diluted sperm suspension was added to the eggs to give a
total volume in the fertilization test of 5 mL. The test was concluded
after 42 h of incubation, and samples were ﬁxed by formaldehyde
buﬀered with borax, and then analyzed using an optical microscope.
Analysis of the microscope slides comprised 100 embryos/replicates
and visual classiﬁcation based on embryonic development, as follows:
morula to prism stage (MP), normal pluteus (PN) and abnormal pluteus
(PA).
The results were expressed in quantity of number of normal pluteus
larvae calculated for each treatment. For cryopreserved spermatozoa
treatments, an analysis of fertilization capacity was performed. The test
was concluded after 42 h of incubation.

2.4.2. Eggs
Aliquots of concentrated eggs were diluted 1:1 with each test CPA
solution at room temperature. The solution was added in three ﬁxed
molar steps that were 5 min apart to reduce the risk of osmotic injury.
Diluted eggs (∼2000 mL−1) were then aspirated into 0.25 mL straws (5
replicates per treatment) and sealed with PVC powder. The TK 4000
programmable freezer (TK Equipamentos para Reprodução®, Brazil)
was programmed to cool the eggs at a temperature curve that started at
4 °C, followed by a 2 min rest, then a cooling rate of 1 °C min−1 to
−12 °C, followed by a 2 min rest, and then at a cooling rate of 0.5 °C
min−1 to −35 °C followed by a ﬁnal rest of 2 min; followed by plunging
in liquid nitrogen at the end. For the egg thawing, the straws were
immersed in a water bath at 21 °C–22 °C for 30 s. CPA was removed by
adding ASW (35% salinity) in three ﬁxed molar steps, 5 min apart [18].

2.5. Statistical analysis

2.4.3. Fertilization capacity
The fertilization test was used to assess the fertilization capacity of
sperm and eggs. Three controls were performed: to evaluate the fertilization capacity of the egg in artiﬁcial seawater before cooling (control
1), to evaluate the fertilization capacity of the egg in autoclaved seawater (to prevent contamination) before cooling (control 2), and to

Statistical analyses were performed using Sigma Stat 12.5. Data
were checked for variance normality and homogeneity. The mean values for the treatments were compared by analysis of variance (ANOVA)
followed by Dunnett's test. The signiﬁcance level applied was at 95%
141
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4.1. Egg cryopreservation
The egg has proven to be extremely sensitive to temperature variations. When lower than −10 °C, these temperatures caused cell
membrane rupture even in the presence of cryoprotectants tested in
diﬀerent concentrations and associated or not to trehalose. Thus, it has
proved to be impossible to cryopreserve eggs of the species studied
based on this methodology. Previous studies on cryopreservation of
mussel eggs, the Perna canaliculus [4,28], suggest that this cell type is
particularly diﬃcult to cryopreserve. Invertebrate eggs present high
sensitivity to temperatures below zero as well as to exposures to cryoprotective agents [41]. Cryopreservation studies with oysters (Crassostrea gigas and Crassostrea rhizophorae) show that, the more advanced the
fertilized egg development, more resistant it becomes to the cryopreservation process [19,30].

Fig. 3. Optical microscope image after 30 h incubation of fresh material fertilization on
development embryo-larval test on a Sedgewick Rafter Chamber.

(α = 0.05).
4.2. Spermatozoa cryopreservation

3. Results

The success of the spermatozoa cryopreservation protocol needs to
ensure the cell recovery (physiologically and morphologically) after
thawing, to ensure higher rates of fertilization capacity and normal
embryonic development until the pluteus larval stage is reached. In this
study, a cryopreservation protocol for the sea urchin (Echinometra lucunter) spermatozoa was developed, to allow its storage in laboratories.
Special attention was given, in this study, to conservation of the spermatozoa functions after cryopreservation. The analysis of the sperm
function included the fertilization capacity, as well as the capability of
originating normal pluteus larvae after fertilization.
The recovery of physiological and morphological functions after
thawing results from a response that combines multiple factors, such as
type and concentration of the cryoprotectant, cooling rates, freezing
rates, and thawing rates [10,14,20].
Results showed that the highest ME2SO concentration (10.5% and
13.65%) was more eﬀective for maintaining the fertilization capability
of the spermatozoa after freezing and thawing in water bath than the
lower concentrations, which goes against the results proposed by
Adams [2], according to whom the best fertilization capacity rates were
found applying the lowest ME2SO concentrations (2.5%–7.5%). In such
concentrations (10.5% and 13.65%), it was also possible to observe
higher rate of normal pluteus larvae (approximately 80%), as well as
with 13.65% ME2SO + 15.75% SC concentration; thus, obtaining an
association between the permeating and non-permeating CPAs, as well
as protecting the spermatozoa against injuries during the cryopreservation steps. Such results are still higher than those presented by
Fabbrocini [17], who obtained 50% of normal pluteus larvae after the
cryopreservation steps.
According to the Standard ABNT NBR [1], the ecotoxicological test
results are considered valid if the well-developed pluteus larvae percentage at control sample is equal to or greater than 80%. Thus, the
results were satisfactory for the application of the technique in the
ecotoxicological tests. The low fertilization capacity of the spermatozoa
for other treatments can be result from the injuries that may have occurred either during cryopreservation or previous steps. Cryopreservation itself can generate slow, abnormal cells. According to Mazur
[25] and Pegg [37], the sensitivity to the cryoprotective agent and to
the freezing curve varies according to the species and the cell type
studied, as there is also variation in the responses throughout the
cryopreservation process. According to Bellas and Paredes [9], it is
important for the temperature to be gradually decreased so as to avoid
cell lysis. Another important factor for success of the technique is the
use of the most concentrated spermatozoa in cryopreservation so as to
reach the best fertilization rates once the semen is heated [2,3,20,21].
This is a common practice not only for aquatic species [2,3,20,21], but
it is also used for mammals, having become common practice nowadays
[7].

3.1. Sperm cryopreservation
Cryopreservation of sperm reduces fertilization capability (Fig. 2).
During the embryo-larval development, the normal pluteus larvae rate
was low except for treatments with 10.5% ME2SO, 13.65% ME2SO, and
13.65% ME2SO + 15.75% SC, in which the rates were lower than 20%.
Observing the embryo-larval development of the control group, it was
noticed that the fertilized egg reached pluteus larvae stage 30 h after
fertilization (Fig. 3). However, when cryopreserved sperm were used,
embryos were still developing after 42 h of incubation (Fig. 2).
The concentration of ME2SO aﬀected the success of the cryopreservation, as observed in the treatments with 7.35% ME2SO with or
without TRE, in which the results were inferior when compared to
control samples (Fig. 2). Similar results were found for treatments with
10.5% and 13.65% ME2SO plus TRE. The treatments with 10.5% and
13.65% ME2SO concentration resulted in approximately 76% and 80%
of normal pluteus, respectively (Fig. 2).
The treatments with ME2SO plus sucrose signiﬁcantly diﬀered from
the control samples (Fig. 2), except for the treatment with 13.65%
ME2SO + 15.75% SC, which resulted in approximately 80% of normal
pluteus larvae (Fig. 2).
3.2. Egg cryopreservation
For the E. lucunter eggs, the temperature happened to be a limiting
factor in the cryopreservation process, as 100% of the eggs lysed at
temperatures below −10 °C.
4. Discussion
The study developed a method of storage in laboratory for
Echinometra lucunter spermatozoa, aiming at overcoming the seasonality of these organisms and reinforcing the use of embryo-larval biotests with sea urchins for assessing water contamination levels.
According to Fabbrocini [17], the success of the cryopreservation protocol depends on interaction of many variables. Therefore, an experimental design involving multiple factors allows a more eﬃcient search
towards the best conditions for success. The sensitivity of the cryopreservation process varies according to the species and the cell type
studied [24,25,37]. However, it is possible to extrapolate the protocol
from one species to others, by adjusting the cryopreservation steps
according to the result from each species studied. The spermatozoa
cryopreservation protocol presented by Fabbrocini [17] was extrapolated and adjusted, and proved to be quick and easy to be carried out.
It was the most eﬃcient for the species studied (Echinometra lucunter)
than to the Paracentrotus lividus species.
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5. Conclusion
It is possible to conclude that the studies aiming at enabling egg
storage in laboratory are scarce due to the challenge of working with
this cell type, which hinders the development of an eﬃcient technique.
More studies have to be performed regarding egg storage period at
−10 °C to determine the maximum storage period for the Echinometra
lucunter species.
With adjustments in the steps of the spermatozoa cryopreservation
protocol and adaptations to the species studied, it is possible to extrapolate cryopreservation protocols among diﬀerent sea urchin species.
The E. lucunter spermatozoa proved to be a rather resistant cell
under a cryopreservation process, developing normal pluteus larvae
after water-bath thawing and fertilization. For treatments that reached
a rate of normal pluteus higher than 80%, it is possible that such biological material may be used for ecotoxicological tests [38], in order to
evaluate environmental parameters, such as eﬄuent monitoring, which
brings new beneﬁts for research and contributes to the preservation of
the species.

[18]

[19]
[20]
[21]
[22]

[23]

[24]
[25]
[26]

References
[27]

[1] ABNT NBR 15350, Método de ensaio com ouriço-do-mar (Echinodermata:
Echinoidea) (method for test on urchin sea), (2012).
[2] S. Adams, P.A. Hessian, P.V. Mladenov, Cryopreservation of sea urchin (Evechinus
chloroticus) sperm, CryoLetters 25 (2004) 287–299.
[3] S.L. Adams, J.F. Smith, R.D. Roberts, A.R. Janke, H.F. Kaspar, H.R. Tervit,
P.A. Pugh, S.C. Webb, N.G. King, Cryopreservation of sperm of the Paciﬁc oyster
(Crassostea gigas): development of a practical method for commercial spat production, Aquaculture 242 (2004) 271–282.
[4] S.L. Adams, H.R. Tervit, L.T. Mcgowan, J.F. Smith, R.D. Roberts, L. Salinas-Flores,
S.L. Gale, S.C. Webb, S.F. Mullen, J.K. Critser, Towards cryopreservation of
Greenshell mussel (Perna canaliculus) oocytes, Cryobiology 58 (2009) 69–74.
[5] E. Asahina, T. Takahashi, Freezing tolerance in embryos and spermatozoa of the sea
urchin, Cryobiology 15 (1978) 122–127.
[6] E. Asahina, T. Takahashi, Cryopreservation of sea urchin embryos and sperm, Dev.
Growth Diﬀer. 21 (5) (1979) 423–430.
[7] J. Bailey, A. Morrier, N. Cormier, Semen cryopreservation: successes and persistent
problems in farm species, Can. J. Anim. Sci. 83 (2003) 393–401.
[8] J. Bellas, L. Saco-Álvarez, O. Nieto, R. Beiras, Ecotoxicological evaluation of polycyclic aromatic hydrocarbons using marine invertebrate embryo-larval bioassays,
Mar. Pollut. Bull. 57 (6–12) (2008) 493–502.
[9] J. Bellas, E. Paredes, Advances in the cryopreservation of sea-urchin embryos: potential application in marine water quality assessment, Cryobiology 62 (2011)
174–180.
[10] E. Cabrita, C. Sarasquete, S. Martínez-Páramo, V. Robles, S. Pérez-Cerezales,
M.P. Herráez, Cryopreservation of ﬁsh sperm: applications and perspectives, J.
Appl. Ichthyol. 26 (2010) 623–635.
[11] N.H. Chao, T.T. Lin, Y.J. Chen, H.W. Hsu, I.C. Liao, Cryopreservation of the late
embryos and early larvae in the oyster and hard clam, Aquaculture 155 (1997)
31–44.
[12] N.H. Chao, I.C. Liao, Cryopreservation of ﬁnﬁsh and shellﬁsh gametes and embryos,
Aquaculture 197 (2001) 161–189.
[13] CETESB, Companhia de Tecnologia de Saneamento Ambiental (CETESB, Brazilian
company for environmental sanitation technology). Água do Mar (seawater),
(1992) teste de toxicidade crônica de curta duração com Lytechinus variegatus
(short chronic toxicity test with variegatus, Lytechinus), Lamark, 1816
(Echinodermata: Echinoidea) Norma Técnica (technical standard) L5. 250. São
Paulo. 20p.
[14] P.A. Dinnel, J.M. Link, Q.J. Stober, Arch. Environ. Contam. Toxicol. 16 (1987)
23–32.
[15] I. Durán, R. Beiras, Assessment criteria for using the sea-urchin embryo test with
sediment elutriates as a tool to classify the ecotoxicological status of marine water
bodies, Environ. Toxicol. Chem. 29 (2010) 1192–1198, http://dx.doi.org/10.1002/
etc.136.
[16] D. Epel, V.D. Vacquier, M. Peeler, P. Miller, C. Patton, Sea urchin gametes in the
teaching laboratory: good experiments and good experiences, Methods Cell. Biol. 74
(2004) 798–824.
[17] A. Fabbrocini, R. D'Adamo, S. Pelosi, L.F.J. Oliveira, F. Silvestri, G. Sansone,

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]
[39]

[40]

[41]

143

Gamete cryobanks for laboratory research: developing a rapid and easy-to-perform
protocol for the cryopreservation of the sea urchin Paracentrotus lividus (Lmk,
1816) spermatozoa, Cryobiology 69 (2014) 149–156.
D.Y. Gao, J. Liu, C. Liu, L.E. Mcgann, P.F. Watson, F.W. Kleinhans, P. Mazur,
E.S. Critser, J.K. Critser, Prevention of osmotic injury to human spermatozoa during
addition and removal of glycerol, Hum. Reprod. 10 (5) (1995) 1109–1122.
J.C. Gwo, Cryopreservation of oyster (Crassostrea gigas) embryos, Theriogenology
43 (1995) 1163–1174.
J.C. Gwo, Cryopreservation of aquatic invertebrate semen: a review, Aquacult 658
(31) (2000) 259–271.
J.C. Gwo, C.W. Chen, H.Y. Cheng, Semen cryopreservation of small abalone
(Haliotis diversicolor supertexa), Theriogenology 58 (8) (2002) 1563–1578.
J.E. Hose, Potential uses of sea urchin embryos for identifying toxic chemicals:
description of a bioassay incorporating cytologic, cytogenetic and embryologic
endpoints, J. Appl. Toxicol. 5 (1985) 245–254, http://dx.doi.org/10.1002/jat.
2550050406.
A. Klumpp, Utilização de bioindicadores de poluição em condições temperadas e
tropicias (use of pollution bioindicators in temperate and tropical conditions), in:
N.B. Maia, H.L. Martos, W. Barrella (Eds.), Indicadores ambientais: conceitos e
aplicações (environmental indicators: concepts and applications), 1999, pp. 77–94
Ed. PUC-SP.
P. Mazur, Cryobiology: the freezing of biological systems, Science 168 (1970)
939–949.
P. Mazur, Principles of cryobiology, in: B.J. Fuller, N. Lane, E.E. Benson (Eds.), Life
in the Frozen State, CRC Press, 2004, pp. 3–65.
P. Mazur, S. Seki, Survival of mouse oocytes after being cooled in a vitriﬁcation
solution to -196°C at 95° to 70,000°C/min and warmed at 610° to 118,000°C/min: a
new paradigm for cryopreservation by vitriﬁcation, Cryobiology 62 (1) (2011) 1–7
February 2011.
H.T. Meryman, The exceeding of a minimum tolerable cell volume in hypertonic
suspention as a cause of freezing injury, in: G.E.W. Wolstenholme, M. ÓConnor
(Eds.), The Frozen Cell, CIBA Foundation Symposium, Churchill, London, 1970, pp.
51–67.
S.F. Mullen, S.L. Adams, R.H. Tervit, L. Mcgowan, J.F. Smith, S.L. Gale, Eﬀect of
cryoprotectants and chilling on the metaphase I spindle os Greenshell™ mussel
(Perna canaliculus) oocytes, Abstracts of the 46th Annual Meeting of the Society for
Cryobiology, 2009, p. 217 Sapporo.
D. Nacci, E. Jackim, R. Walsh, Comparative evaluation of three rapid marine
toxicity tests: sea urchin early embryo growth test, sea urchin sperm cell toxicity
test and microtox, Environ. Toxical Chem. 5 (1986) 521–525.
I.A. Nascimento, E.C.P.M. Souza, M. Nipper, Métodos Em Ecotoxicologia Marinha
(Methods in Marine Ecotoxicology). Aplicações No Brasil (Applications in Brazil),
Artes gráﬁcas e Ind. LTDA, Salvador, BA, 2002, pp. 91–98p.
M.G. Nipper, V.A. Prósperi, A.J. Zamboni, Toxicity testing with coastal species of
southeastern Brazil. Echinoderm sperm and embryos, Bull. Environ. Contam.
Toxicol. 50 (1993) 646–652.
C.G. Paniagua-Chavez, J.T. Buchanan, J.E. Supan, T.R. Tiersch, Cryopreservation of
sperm and larvae of the Eastern oyster, in: T.R. Tiersch, P.M. Mazik (Eds.),
Cryopreservation in Aquatic Species, 2000, pp. 230–239 Baton rouge, Louisiana:
WAS.
E. Paredes, Tese de Doutorado (doctoral thesis), Cryopreservation of Marine
Invertebrate Early-life Stages: Applications in Marine Water Quality Assessment and
Aquaculture vol. 5, Departamento de Ecologia e Biologia Animal (department of
ecology and animal biology), Universidade de Vigo, Vigo, Espanha, 2014.
E. Paredes, Exploring the evolution of marine invertebrate cryopreservation –
landmarks, state of the art and future lines of research, Rev. Artic. Cryobiol. 71 (2)
(2015) 198–209 October.
E. Paredes, J. Bellas, The use of cryopreserved sea urchin embryos (Paracentrotus
lividus) in marine quality assessment, Chemosphere 128 (2015) 278–283 1 June
2015.
C. Polge, A.U. Smith, A.S. Parkes, Revival of spermatozoa after vitriﬁcation and
dehydration at low temperatures, Nature 164 (1949) 666–676.
D.E. Pegg, Principles of cryopreservation, in: J.G. Day, G.N. Stacey (Eds.),
Cryopreservation and Freeze-drying Protocols, vol. 368, 2007, pp. 39–57 Methods
in Molecular Biology.
Resolution of CONAMA. 357. (2005).
P.A. Zagatto, Ecotoxicologia (ecotoxicology), in: P.A. Zagatto, E. Bertoletti (Eds.),
Ecotoxicologia Aquática: Princípios e Aplicações (aquatic ecotoxicology: principles
and applications), 2008, pp. 1–13 Rima, São Carlos.
Zamboni, A. J. reportAssessment of Water Quality and Sediments of the Canal de
São Sebastião Through Toxicity Test with Lytechinus variegatus (Echinodermata:
Echinoidea). Masters Dissertation. Universidade de São Paulo. Escola de Engenharia
de São Carlos. 102 p.
T. Zhang, Cryopreservation of gametes and embryos of aquatic species, in:
B.J. Fuller, N. Lane, E.E. Benson (Eds.), Life in the Frozen State, CRC Press, 2004,
pp. 415–436.

