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Morphological analysis. Scanning microscopy analysis revealed possible changes 
in the structure of thawed P. corruscans sperm. Spermatozoa were observed to have 
increased head sizes, wrinkling and rupture of the plasma membranes, possible leakage 
of cytoplasm in the head region, damage to the middle sections and flagella, exposure 
of the structural fibers, and presence of cytoplasmic gout (Figs. 5A, C, D). Sperm with 
wound flagella were also observed (Fig. 5B).

DNA integrity. DNA integrity analysis showed that there was no significant 
difference between treatments T1 and T2 in relation to the DMA concentration used 
(8% or 10%), and the same result was observed for treatments T3 and T4 in the Me2SO 
concentrations used (8% or 10%). However, a significant difference was observed in the 
use of different cryoprotectants (DMA and Me2SO), with DMA returning the lowest 
levels of DNA damage, thus demonstrating better protection of the genetic integrity of 
P. corruscans sperm (Fig. 6).

FIGURE 4 | Analysis of the sperm movement of thawed semen from Pseudoplatystoma corruscans. A. Total motility (MT), B. Curvilinear velocity 

(VCL, μm/s), C. Straight line velocity (VSL, μm/s), D. Average path velocity (VAP, μm/s). Same letters indicate no significant differences (P < 0.05).
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FIGURE 5 | Morphological analysis of thawed sperm from Pseudoplatystoma corruscans. A. Sperm 

with changes in the head, rupture of the membrane and damage to the intermediate part. B. Curled 

flagellum. C. Spermatozoon with damage to the head, intermediate piece and flagellum. D. Sperm head 

with changes in the head, damage to the membrane and damage to the intermediate part. Legends: ● 

= membrane rupture, * = possible cytoplasmic material, # = flagellar fibers, ♦ = cytoplasmic gout. Scale 

bars; A, B, and D = 2 µm; C = 5 µm.

FIGURE 6 | Index of damage caused to DNA by the cryopreservation process of semen from 

Pseudoplatystoma corruscans. Different letters indicate significant differences (P < 0.05), by the Turkey test.
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DISCUSSION

For the seminal parameters observed for P. corruscans, the sperm concentration showed the 
greatest variation among the analyzed males, and this fact was also reported by Ferreira et 
al. (2001), Caneppele et al. (2015) and Sant’Anna et al. (2019) with the siluriform species, 
Rhamdia quelen, Steindachneridion melanodermatum, and Steindachneridion parahybae, 
respectively. In addition to variations in sperm concentration between species, changes 
in this parameter are often considered to be associated with age, time of year, animal 
conditions, collection methodology, and/or successive semen collection, among other 
factors.

There is a wide variation in the reported efficacy of permeable cryoprotective agents 
for Siluriformes sperm. Dimethyl sulfoxide (Me2SO), methanol (MeOH), and dimethyl 
acetamide (DMA) are most commonly used to protect catfish sperm, as well as ethylene 
glycol (EG) and propylene glycol (PG), among others (Viveiros, 2011). Ogier de 
Baulny et al. (1999) reported that DMA was more efficient as a cryoprotectant substance 
than glycerol, DMSO, and propylene glycol in preserving membrane integrity, 
mitochondrial activity, ATP level, and sperm motility of European catfish, Silurus 
glanis, after cryopreservation. The use of methyl glycol (MG), as opposed to MeOH and 
Me2SO, provided greater sperm motility after thawing for Steindachneridion scriptum 
(Pereira et al., 2019), whereas, MeOH and Me2SO resulted in increased motility, sperm 
vigor, and motility duration after thawing in Leiarius marmoratus (Borges et al., 2020). 
Herrera-Cruz et al. (2019) tested Me2SO, DMA, and EG in the cryopreservation of 
Pseudoplatystoma magdaleniatum sperm and did not observe significant differences with 
the use of these cryoprotectants; however, Rhamdia quelen presented higher values of 
sperm motility after thawing when EG was used as a sperm cryoprotectant (Neumann 
et al., 2019). Carolsfeld et al. (2003) reported no sperm motility after thawing the semen 
of P. corruscans when using Me2SO as a cryoprotectant, which differs from our results, 
which showed significant levels of motility with this compound. This variation is 
common and usually related to factors such as sperm sensitivity and the specificity of 
the cryopreservation protocols used, and not the cryoprotective substance itself (Pereira 
et al., 2019).

The VCL, VSL, and VAP velocities of the P. corruscans spermatozoa observed after 
thawing in the present study were relatively high and did not present significant 
changes between any of the cryopreservation protocols tested (P < 0.05), indicating 
that the freezing and thawing protocols were effective in preserving sperm cells. The 
total motility (TM) of sperm is the most used parameter to determine the quality and 
effectiveness of the cryopreservation process. However, the spermatozoa velocities 
VCL, VSL and VAP together with the TM are highly correlated with the fertilization 
capacity and hatching, because the faster spermatozoa can reach the oocyte micropyle 
and carry out fertilization (Viveiros et al., 2010; Gallego et al., 2013).

Gametes with morphological changes were observed in both the fresh and 
cryopreserved semen samples. However, there was an increase in the amount of structural 
damage observed in thawed sperm, which is common in studies on cryopreserved semen 
quality. The changes observed in fresh semen may be related to stress, reproductive 
diseases, feed management, and animal genetics (Solis-Murgas et al., 2011). This fact 
was verified by Navarro et al. (2019), who found morphological changes in 92% of 
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the sperm analyzed and a reduction in normal sperm between the collection months 
of December (47%) and February (8%). According to those authors, this can likely 
be attributed to stress during breeder handling, as well as the collection process and 
changes in climatic parameters between months.

The increase in morphological changes after freezing is due to osmotic stress, 
dehydration, low temperature exposure, ice crystal formation, and cryoprotectant 
action. These changes in sperm cells by freezing/thawing processes can cause cell death 
or damage to cell structures (membrane cells, intermediate section, and flagellum). The 
relationship between the presence of morphological abnormalities in the spermatozoa 
and the ability to fertilize is direct, mainly linked to defects in the flagellum and in 
the intermediate piece where the mitochondria are located, or any other alteration 
that affects the motility capacity of the gametes that reduces the fertilizing capacity of 
the sperm (Ninhaus-Silveira et al., 2006; Galo et al., 2019; Medina-Robles et al., 2019; 
Borges et al., 2020).

DNA integrity is one of the important parameters in assessing the quality of 
thawed semen. It is known that during cryopreservation the formation of ice crystals, 
the production of reactive oxygen species (ROS), and cryoprotective substances can 
cause DNA damage. Even having damaged DNA, the sperm may fertilize the oocyte, 
however embryo development may be impaired, which leads to reduced fertilization 
rates (Pérez-Cerezales et al., 2011; Gallego et al., 2013 ).

Unlike the other parameters analyzed to evaluate the quality of the freeze/thaw 
process, the comet assay analysis showed a significant positive effect of DMA use as 
an internal cryoprotectant regardless of its concentration, as it resulted in less DNA 
fragmentation in P. corruscans. The results suggested that amides offered more protection 
to the DNA than other cryoprotective agents, such as glycerol, MG, and Me2SO due 
to their low molecular weight and viscosity, which facilitates their transition through 
the cell membrane, thus minimizing the cell damage caused by osmotic stress (Varela-
Junior et al., 2012; Figueroa et al., 2016; Perry et al., 2019). The use of Me2SO has 
been effective in protecting sperm DNA of several species, including Mugil cephalus 
(Balamurugan et al., 2019), Steindachneridion scriptum (Pereira et al., 2019), and Salmo 
salar (Figueroa et al., 2016).

Based on the results obtained and, on the considerations raised, the semen of P. 
corruscans can be frozen using the proposed cryogenic protocols with the extenders 
used, taking into account that the extenders that had DMA as cryoprotectant substance 
provided better protection of the gamete DNA.
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