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Effects of cryoprotectants and low temperatures on hatching and
abnormal embryo development of Prochilodus lineatus

(Characiformes: Prochilodontidae)

Raphael S. Costa', Fabricio M. S. de Souza?, José A. Senhorini?,
Rosicleire Verissimo-Silveira? and Alexandre Ninhaus-Silveira?

This study evaluated the effect of the cryoprotectants and the low temperatures on the embryonic development of
Prochilodus lineatus, describing their main morphological alterations. On chilling sensitivity test, the survival rates at the
twenty somites stage (20S) were 53.6% at 0°C, and 100% in 5°C. To test toxicity, the embryos were exposed to a graded
series of 1,2-Propanediol (PROP), dimethyl sulfoxide (Me,SO,) and glycerol (GLY), terminating in a solution of high
osmolarity. There was no significant difference in the embryos survival of toxicity test between series of PROP and Me SO,
in the 6S and 20S. In the cooling protocols, were evaluated the effects of low temperature associated with cryoprotectants.
At 5°C, PROP showed survival rates above 75% in the gastrula stage (G) and above 90% in the 6S and 20S stages. High
rates of abnormalities were observed, and the most recurrent were: small bodies, fins presenting uncontrolled cell growth,
membrane rupture, and retraction. These results demonstrate the need to use cryoprotectant solutions, even when there is
no ice nucleation, and, on the other hand, shows that high cryoprotectant concentrations promote numerous morphological
lesions, compromising normal embryonic development.
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Este estudo avaliou os efeitos dos crioprotetores e das baixas temperaturas no desenvolvimento embrionario de Prochilodus
lineatus, descrevendo suas principais alteragdes morfologicas. Nos testes de sensibilidade ao frio, as taxas de sobrevivéncia,
no estagio de vinte somitos (20S), foram de 53,6% a 0°C e 100% a 5°C. Nos testes de toxicidade, os embrides foram
expostos a uma série graduada dos crioprotetores: 1,2-Propanediol (PROP), dimetilsulfoxido (Me,SO,) e glicerol (GLY),
terminando em uma combinagdo de alta osmolaridade. Nao houve diferenga significativa na sobrevivéncia dos embrides
nas séries do PROP e Me,SO, nos estagios de 6S e 20S. Nos protocolos de resfriamento, foram avaliados os efeitos da
baixa temperatura associados as séries crioprotetoras. A 5°C, o PROP apresentou taxas de sobrevivéncia acima de 75%
no estadio de gastrula (G) e acima de 90% nos estadios 6S e 20S. Foram observadas altas taxas de anormalidades sendo
as mais recorrentes: corpos pequenos, nadadeiras apresentando crescimento celular descontrolado, ruptura da membrana
e retragdo vitelinica. Estes resultados demonstram a necessidade do uso das solugdes crioprotetoras, mesmo nao havendo
nucleagdo de gelo e, em contrapartida, demonstra que as elevadas concentragdes crioprotetoras promovem numerosas
lesdes morfologicas, comprometendo o desenvolvimento embrionario.

Palavras-chave: Criopreservacao, Injuria, Morfologia, Resfriamento, Toxicidade.

Introduction and a complex system of compartments (perivitelline

space, yolk, yolk syncytial layer, and blastoderm)

Cryopreservation of fish embryos is a highly  that have different permeation rates. These factors

complex technique because of the physiological and  complicate the development and application of deep

structural features presented by oocytes and embryos,  cryopreservation protocols (Hagedorn et al., 1997b;
such as a strong relationship between area and volume  Robles ef al., 2003).
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Consequently, the cooling of biological material to
near 0°C is becoming an alternative for fish production
and scientific research, allowing embryogenesis to be
delayed without reducing the integrity and viability of
embryos caused by nucleation of ice crystals (Robles et
al.,2003). In addition, studies allow a better understanding
of processes of exposure to the cryoprotectants and low
temperatures serve as a basis in cryogenic protocols
(Hagedorn et al., 1997b).

Some fish embryos are sensitive to low temperatures
(Zhang, Rawson, 1995; Dinnyés et al., 1998), which
compromise their metabolism (Desai ef al., 2015) and result
in changes in their embryonic development (Ninhaus-
Silveira et al., 2008). However, temperature sensitivity
is variable and dependent upon species, tissue, and cell
characteristics and embryonic stage (Dinny¢és et al., 1998;
Ninhaus-Silveira et al., 2008).

Despite the absence of ice crystals, the cooling of
biological materials still requires the use of specific
substances that protect cell components from excessive cold
(Neves et al., 2012). These substances, which are derived
from different chemical groups, are called cryoprotectants
and share similar functions of reducing the cryoscopic
point of a solution (Robles et al., 2003), promoting cell
dehydration, and protecting biomembranes. These products
are divided into two groups: those that diffuse across cell
membranes (dimethyl sulfoxide, propylene glycol, glycerol,
etc.), known as internal cryoprotectants, and others, which
do not penetrate cells (sugars and proteins), known as
external cryoprotectants (Isayeva et al., 2004; Fornari et
al., 2011). These substances are considered to have a key
role in the cryopreservation process, but it is necessary to
determine both the type and ideal concentration necessary
to prevent possible embryo damage by exposure to low
temperatures, ensure non-toxicity, and provide adequate
embryonic dehydration (Harvey et al., 1983).

In order to maximize performance and reduce toxic
effects, many studies have sought increased permeability
of tissues and embryonic cells to cryoprotectants,
reducing their concentration and diffusion time and
hence, the dehydration period of biological material
(Suzuki et al., 1995; Ninhaus-Silveira et al., 2008; Robles
et al., 2009). One solution adopted for some species is
removal or permeation of the chorionic membrane with
enzyme solutions (Robles et al., 2003; Ninhaus-Silveira
et al., 2008).

The studied species, Prochilodus lineatus (Valenciennes,
1837), is a neotropical fish widely distributed in the Parana,
Paraguai, and Paraiba do Sul river basins, with great
ecological and commercial importance (Castro et al., 2004).
It is considered a good biological model that reproduces in
captivity and has some of the reproductive features common
to most neotropical rheophilic fishes, such as prolificity,
non-adhesive eggs, fast embryonic development, and a large
yolk sac and perivitelline space (Ninhaus-Silveira et al.,
2006; Oliveira-Almeida et al., 2014).
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In addition, structural and ultrastructural characteristics
of P. lineatus embryos in all stages of embryogenesis have
been described (Ninhaus-Silveira et al., 2006). This study
aimed to evaluate the sensitivity of three embryonic stages
[50% epiboly (G) and six (6S) and twenty somites (20S)] of
P lineatus embryos, exposed to temperatures of 0 and 5°C,
to cooling protocols based on the following cryoprotectant
substances: PROP, Me,SO,, and GLY. We also aimed to
evaluate the main morphological changes promoted by the
cooling process.

Material and Methods

Embryos. Embryos of P. lineatus were obtained by
artificial breeding from mature adult specimens belonging
to the Centro Nacional de Pesquisas ¢ Conservagdo de
Peixes Continentais - CEPTA/ICMBIO, Pirassununga,
Sado Paulo, Brazil. A pool of four female oocytes and
sperm from three males were used to obtain the embryos.
The eggs were incubated in vertical 60-L incubators with
a continuous flow of water at 28 + 1°C and, when the
required embryonic stages were reached, were separated
into samples of 139 + 11 viable embryos and placed
under experimental treatment conditions. Three stages of
embryonic development were used: Gastrula stage (3 hours
post fertilization - hpf), 6 somites stage (7.5 hpf) and 20
somites stage (9 hpf).

The representative material of the species used in this
study was deposited in the collection of the Laboratério
de Ictiologia at the Universidade Estadual Paulista,
Sdo José do Rio Preto-SP (IBILCE), voucher number
DZSJRP 21130.

Embryo chill sensitivity. Embryos were placed in
250-mL beakers filled with 150 mL water, without any
cryoprotective solutions, and placed in a BOD type
incubator (Cienlab, Brazil) where they remained for a
period of 12 h at temperatures of 0 or 5°C. An experimental
control was performed by keeping embryos to develop
at room temperature (28 + 1°C). After the embryo chill,
the embryonic temperature was increased gradually until
reaching the ambient temperature (28 + 1°C).

Embryo sensitivity to cryoprotectant protocols.
Each treatment started with chorionic membrane
permeabilization using pronase-E enzyme (0.2 M/10
s) (Ninhaus-Silveira et al., 2008). These embryos were
exposed for 20 min (Suzuki et al., 1995; Zhang, Rawson,
1995) to three main internal cryoprotectant solutions
(glycerol - GLY, dimethyl sulfoxide - Me,SO, and
1,2-propanediol - PROP). The methodologies of exposition
had four immersion sequences steps, of five minutes each.
The first three steps were performed in solutions containing
a main internal cryoprotectant alone, and the fourth step in
a high osmolarity solution, combining internal and external
cryoprotectants (Sucrose - SUC) (Fig. 1).
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Fig. 1. Experimental design of sensitivity test to

cryoprotectant protocols for Prochilodus lineatus embryos
(28+1°C). Dimethyl sulfoxide - Me,SO,; 1,2-Propanediol -
PRO; Glycerol - GLY; Sucrose - SUC; Pronase - Pronase-E;
Second - sec; Minute - min.

Cooling protocols. Based on the results of the “sensitivity
to cryoprotectants”, we selected two methodologies to
expose the embryos at low temperatures. The embryos were
exposed to two main internal cryoprotectant methodologies
(Me,SO, and PROP) according to the Fig. 1. After the
fourth step, these embryos still immersed in the final
cryoprotectant solution, were exposed for a period of 12
hours, at temperatures of 0 and 5°C (BOD Cienlab CE-300).
After this period, the embryonic temperature was increased
gradually until reaching the ambient temperature (28 £ 1°C),
and the embryos were transferred to incubators to continue
their development.

Aggressiveness of protocols. Based on the results of
the previous tests described, three stages of embryonic
development (G, 6S and 20S) were used to evaluate the
aggressiveness of the chilling sensitivity tests (5°C),
cryoprotectants toxicity (PROP), and cooling treatment
(5°C and PROP). Each evaluation followed its respective
protocol described above. After this period, the embryos
were transferred to incubators to continue their development
for a period of 12 hours.

Morphologic trials. Embryos were collected 12 h
after treatments and fixed in 4% paraformaldehyde, 2%
glutaraldehyde, and 0.1M Sorensen phosphate buffer, pH
7.2 for light microscopy analysis.

A portion of samples was stained with hematoxylin and
analyzed “intoto” undera Motic SMZ -168 stereomicroscope,
photographed with a Moticam 2500 5.0-megapixel camera
and Motic Images Plus 2.0 software. The other portion
was subjected to light microscopy and the biological
material embedded in glycol methacrylate (Technovit 7100/
historesin) and sectioned into 3um-thick slices. Later, they
were stained with toluidine blue, hematoxylin-eosin, and
periodic acid-Schiff (PAS).

Statistical analysis. All treatments were performed in
a completely randomized design with three replicates
containing 139 +11 embryos per sample. In each sample,
the number of live larvae (survival) was estimated after
12 h treatments. The viable or normal larvae and unviable
larvae that presented deformities, such as curved notochord,
reduced body size, and abnormal fins, were also quantified.
To examine the level of interaction between variables, we
used the R statistical program, performing Bartlett and
Shapiro-Wilk tests, followed by ANOVA and Tukey’s test
(a=10.05).

Ethics statement. All procedures included in this work
comply with the Principios Eticos de Experimentagio
Animal, protocol no. 05/2013/CEUA, adopted by the
Colégio Brasileiro de Experimentagdo Animal (COBEA),
and were approved by the Comissdo de Etica no Uso de
Animais (CEUA), Faculdade de Engenharia, UNESP/Ilha
Solteira, Sao Paulo, Brazil.

Results

Prochilodus lineatus embryos were sensitive to low
temperature exposure (0 and 5°C) in G stage (p < 0.05),
presented more resistance at the advanced development
stages (Fig. 2a). At 5°C, a higher survival percentage
was observed at all evaluated embryonic stages, whereas
embryos at phase 20S displayed no statistically significant
difference in survival compared with controls. After storage
between 0 and 5°C, embryos at G and 6S phases had a lower
relative survival rate (p < 0.05) than those at the 20S phase
(Fig. 2a).
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Evaluation of cryoprotectant protocol  toxicity
demonstrated that treatments using GLY as a cryoprotectant
were associated with a lower survival rate (p < 0.05) than
other treatments (Fig. 2b). Treatments based on PROP and
Me,SO, at 6S and 20S phases provided a statistically higher
survival percentage than those at G phase (Fig. 2b). Increased
resistance to protocol exposure was directly proportional to
embryonic development.

Evaluating cooling in the G phase, a similar relative
survival percentage as observed in the control was found
only for treatment with PROP at 5°C (Fig. 2c). At 5°C,
both cryoprotectants in the 6S phase gave a high survival
percentage, whereas only the PROP treatment did so at 0°C
(Fig. 2¢). Atthe 20S stage, survival greater than 70 percentages
was observed in all treatments, but at 5°C, neither PROP nor
Me,SO, differed significantly from the control. During the
cooling tests, embryonic resistance could be observed to
increase in the more advanced stages (Fig. 2¢).

Individual exposure to low temperatures was more
detrimental to embryonic development in P, lineatus (Fig. 2d)
than exposure to cryoprotectants, although both significantly
interfered with early embryonic development. However, when
associated with cooling treatment, an increase in embryonic
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survival was detected, as observed for the G stage exposed to
PROP at 5°C, which had a similar survival rate to the control
(Fig. 2d), this stage even had a high sensitivity to temperature
(Fig. 2a) and PROP (Fig. 2b).

Morphological analyses showed that, despite the high
survival rates associated with some protocols testing
sensitivity to cryoprotectants and cooling, 40 £ 9% and
99.15 £ 0.5% respectively, of treated larvae had some type of
morphological deformity, and the types of injuries were the
same in both treatments.

Externally, when treated embryos were compared with
controls (Fig. 3a), the main injuries observed were small
and bent bodies (Fig. 3b). Structural analysis showed that
structures such as the placode olfactory (Figs. 3c, e) and eye
(Fig. 3¢c) had malformations (Figs. 3d, f) and many dead cells
12 h after treatment.

A process of yolk sac retraction was also observed (Fig. 4a),
in which the yolk and the syncytial layer moved away from the
endoderm, generating spaces between the membranes (Figs. 4a,
e). In some cases, there was disruption of the vitelline membrane
(Fig. 4c). The yolk sac layer (YSL) showed abnormal vesicles
in its structure (Fig. 4d), a disorganized appearance that could
be found between yolk globules (Fig. 4a).
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Fig. 2. Relative survival of Prochilodus lineatus embryos. a. Chill sensitivity - (0 and 5°C); b. Sensitivity to cryoprotectant
protocols; c. Cooling protocols; d. Aggressiveness of protocols: chilling sensitivity x cryoprotectants toxicity x cooling
protocols. Gastrula stage (G); 6 somites stage (6S); 20 somites stage (20S); Dimethyl sulfoxide - Me,SO,; 1,2-Propanediol
- PROP; glycerol - GLY; Chilling sensitivity - Cs; cryoprotectants toxicity (PROP - 1,2-Propanediol) - Ct; cooling treatment
- C. Lowercase letters compare statistically, in the same stages of development. Capital letters compare statistically the same
protocols between three stages of development. All samples contained 139 + 11 embryos. Data are presented as the mean
percentage relative to control + SD (considering the control as 100%). Correction index: log (x + 1).
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Fig. 3. Morphological analysis of Prochilodus lineatus embryos after cooling protocols. a. Normal embryo (control) - Viable
embryo; b. Abnormal embryo - unviable embryo; transverse sections through the head: c. Normal embryo, d. Abnormal
embryo; e. Kinocilia in placode olfactory (inset - normal embryo); and f. Placode olfactory of abnormal embryo. Tail - T;
Head - H; Yolk sac - Ys; Eye - E; Somite - S; Embryonic fin - Ef; Yolk retraction - star; Otic vesicle - Ot; Lens - Le; Retina
- Re; Vitreous body and aqueous cavities - asterisk; Transparent cornea - Co; Olfactory placode - Op; Telencephalon - Te;
Olfactory bulb - Ob; Epithelium - Ep; Kinocilia in olfactory placode - Kc; and Epidermal cell - Ec.
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d YSL =

During hatching, embryos have a thin and aligned
membrane forming the embryonic fin (Fig. 5a); however,
it is possible that damage promoted by cooling treatment
enabled the formation of embryonic fins presenting a
misshapen cell mass (Fig. 5b). A transverse larval section
showed, in control embryos, the existence of two well
defined layers, the red and white musculature (Fig. 5c¢).
However, after sensitivity and cooling treatment, this

¢170043[6]

Fig. 4. Morphological analysis of Prochilodus lineatus after cooling treatment. a. Internal retraction of the yolk; b. Normal
yolk syncytial layer of Prochilodus lineatus (Control); c. Breaking of membrane; d. Yolk syncytial layer with larger vesicles;
and e. Folds in the membrane. Yolk - Y; Somite - S; Heart - He; Epidermal cell - Ec, Notochord - No; Vesicles - V; Yolk
syncytial layer -YSL; and Star - retraction of the yolk.

division was not easily visualized (Fig. 5d).

The development of the embryonic musculature
occurs via alignment and fusion of myoblasts that
give rise to muscular fibers (Fig. 5e), delimited and
packed by myosepta (Fig. 5e), forming the somites. In
embryos with body curvature and deformed cell mass,
myoseptal divisions are incomplete (Fig. 5f), allowing
the misaligned fusion of myoblasts (Fig. 5f).
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Fig. 5. Morphological analysis of Prochilodus lineatus after cooling treatment. a. Normal embryo fin; b. abnormal embryo
fin showing misshapen cell mass; c. Normal embryo tail; d. Abnormal embryo tail. Longitudinal sections of the skeletal
muscle: e. Normal development showing alignment of myoblasts for fusion and formation of muscle fiber and somite; and f.
Abnormal development, showing discontinuation of myosepta and misalignment of cells for fusion and formation of muscle
fiber and somite. Fin - F; Misshapen cell mass in fin - Fm; Notochord - No; Neural tube - Nt; White fibers (fast fibers) - WT;
Red fibers (slow fibers) - Rf; Myosepta - My; Myoblast - arrow head; and Basement membrane - Bm.

When we examined a longitudinal section of the normal  eosin reaction throughout the embryo, could be seen (Figs.
embryo (Fig. 6), we observed the presence of an optic vesicle ~ 6b, d). The notochord in control individuals extends linearly
(Figs. 6a, c), containing cells of the macula supporting the  through the body of the embryo (Fig. 6e); however, in
otolith (Fig. 6¢). However, a high concentration of cells with  individuals with a curved body or a large amount of deformed
a turgid core and anomalous morphology, as well as a strong  cellular mass, the notochord appears curved (Fig. 6f).

e170043[7]



Neotropical Ichthyology, 15(2): e170043, 2017

Effects of cooling on Prochilodus lineatus embryos

L ¢ > -

Fig. 6. Morphological analysis of Prochilodus lineatus after cooling protocols. a. Normal embryo head (control); b. Abnormal
embryo head showing numerous dead cells. Longitudinal sections; c. Otic vesicle in normal development; d. Otic vesicle in
abnormal development; e. Alignment of notochord in normal development; and f. Misalignment of notochord in abnormal
development (bend in the notochord). Yolk - Y; Pharynx - Ph; Otolith chamber filled with endolymph - Oc; Squamous
epithelium - Se; Otolith - O; Cell death - Cd; Macula (sensory epithelium) - Ma; Somite - S; Heart - He; Epidermal cell - Ec,

Notochord - No; and Yolk syncytial layer - YSL.
Discussion

Exposure techniques and maintenance of fish embryos
at low temperatures promotes serious embryo injuries,
even with no formation of large ice crystals (Liu et al.,
2001; Fornari et al., 2012; Neves et al., 2012). For P.
lineatus embryos, these morphological changes could be
verified in all treatments through a high amount of cell
death, morphological deformities, and low survival rates
in the early stages.

Despite the high sensitivity to cold reported in the
literature for temperate climate fish species, such as

¢170043([8]

Sciaenops ocellatus and Tinca tinca (Gwo et al., 1995; El-
Battawy, Linhart, 2009), and neotropical species, such as
Piaractus mesopotamicus (Neves et al., 2012; Lopes et al.,
2013), cooling protocols use temperatures below or close
to 0°C in their attempt to prolong embryonic development
by long periods (Ninhaus-Silveira et al., 2006; Fornari
et al., 2012). Thus, in this study, it was found that the
use of a higher temperature (5°C) allowed an increase in
tropical fish embryonic survival and prolonged embryonic
development time sufficiently to achieve a 12-h cooling
technique, although morphological damage could not be
controlled.
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Normally, the use of low temperatures is associated with
the use of cryoprotectants, which minimize the damage
caused by cold (Carpenter, Crowe, 1988; Hagedorn et al.,
1997a), ensuring, for example, the activity of the enzymes
LDH (lactate dehydrogenase) and G-6-PDH (glucose
6 phosphate dehydrogenase), essential for embryonic
development (Carpenter, Crowe, 1988; Adams et al., 2005).
However, when cryoprotectant concentration exceeds the
maximum levels tolerated by a species, serious toxicological
effects are generated, resulting in morphological damage or
even in embryonic death (Suzuki ef al., 1995; Hagedorn et
al., 1997a; Dinny¢s et al., 1998).

The possible effects of this excess were observed in this
study, generating embryos with morphological anomalies.
The cryoprotectant solutions, which used Me,SO, and PROP
as base substances, were less toxic to P, /ineatus embryos and
are widely used in cryopreservation tests because of the low
toxicity of internal cryoprotectants (Zhang, Rawson, 1998;
Lahnsteiner, 2008) when used alone; however, mixtures of
cryoprotectants at low concentrations can result in a survival
rate below 50% (Lahnsteiner, 2008).

Although high mortality rates during tests of chilling
sensitivity and cryoprotectant toxicity were observed in the
stage three of development, it was noted that combinations of
these variables during the cooling process resulted in greater
survival rates. It is believed that reduction in temperature
results in a rearrangement of lipids in biological membranes,
which reduces their fluidity (Ghetler ef al., 2005; Kucerka
et al., 2011) and consequently, their permeability to
cryoprotectants. Furthermore, the amount of cryoprotectant
that diffuses through the membrane is associated with a
low embryo metabolism generated by reduced temperature,
which allows preservation of biological structures. Thus, our
results demonstrate the need to use cryoprotectant solution
in treatments that do not involve the formation of ice.

In addition to the variables listed above, it was found that
the embryonic stages studied here responded differently to
treatment effects, being more sensitive to treatment in the
early stages of development and resistant in the advanced
stages. This is commonly reported in the literature (Zhang,
Rawson, 1998; Lahnsteiner, 2008), which leads us to
consider later stages as the best biological models for
evaluation under low temperatures and the influence of
cryoprotectants (PROP and Me,SO,).

However, later developmental stages adopted a complex
embryonic structure, marked by higher morphologic
compartmentalization (Ninhaus-Silveira et al., 2007; Alexandre
et al., 2009). This morphology was one characteristic that could
render freezing or vitrification techniques infeasible due to the
great difficulty of water and cryoprotectant diffusion during
the cryogenic process and different water concentrations in
embryonic regions (Hagedorn et al., 1997b, 1998). It is believed
that, at advanced stages, these large morphological differences,
such as in zebrafish, where yolk fluid and blastoderm rates
reach 42% and 82%, respectively (Hagedorn et al., 1997b),
generate different needs and care, which so far are impractical.

Despite the high survival rates in cooling treatment,
all treatments promoted frequent damage to embryonic
formation, generating morphologically unviable larvae
without the ability to perform vigorous swimming,
which results in low survival in natural environments.
Thus, evaluation of not only survival rates but also
larvae conditions after a period is of utmost importance
to validate the protocols tested. This was also proven in
Piaractus mesopotamicus embryos that showed numerous
deformities after freezing treatments (Neves et al., 2012).

The YSL is a histological embryonic structure
used to investigate freezing effects on the basis of its
integrity. When the cooling process does not preserve its
morphophysiology, the YSL develops an irregular shape
that can be found in atypical locations (Ninhaus-Silveira
et al., 2008; Neves et al., 2012;). This layer is a transition
between two different biological tissues, which present
different water and permeability rates and amounts of
dry matter (Hagedorn ef al., 1997a, 1998; Routray et al.,
2002). Thus, it is believed that any volumetric variation in
the blastoderm not accompanied by vitelline mass, such as
dehydration, would be felt first by the YSL, which would be
subjected to a greater force at the blastoderm than the yolk,
possibly leading to deformities such as bending, breaking,
and detachment. Even the diffusion rate being greater in the
blastoderm than in the yolk sac region (Suzuki et al., 1995),
it was not possible prevent morphological changes such as
misshapen cell masses and high cell death proportion.

The malformation of embryonic structures observed
with our treatments was probably influenced by the
performance of cryoprotectant solutions, which have
chemical characteristics deleterious to development. In
cryoprotectant datasheets, manufacturers have warned of
their effects on embryonic development and other features
that could cause damage to biological material. Me,SO,
can promote mutations in mammalian somatic cells,
malformation of the skeletal muscle system, and atrophy
or abortion in rats (Sigma-Aldrich, 2016a). PROP may
cause changes in the spleen, skin irritation, and central
nervous system suppression (Sigma-Aldrich, 2016b). In
this way, it becomes probable that a large number of the
dead cells found in our larvae and misaligned fusion of
myoblasts during the myogenesis process were derived
from embryo contact with cryoprotectants. However, the
relationship between temperature and cryoprotectants with
morphological damage arising from cooling treatment
requires more specific studies.

These results indicate that although organogenesis at
the 20S stage is the most resistant to cryopreservation
treatments, the use of PROP associated with 5°C
temperature enables a high survival rate for all stages
of P lineatus embryonic development. However, the
cooling protocols evaluated were not effective, shows that
high cryoprotectant concentrations promote numerous
morphological lesions, compromising normal embryonic
development.
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