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Abstract

This study aimed at assessing the sperm quality of the Amazon catfish, Leiarius marmoratus, after refrigeration without
extenders. After capturing the animals and stripping of semen, the following parameters were analyzed: progressive
motility, motility quality score, duration of motility and sperm morphology. An aliquot of fresh semen from each male
was kept at room temperature (28 + 2°C) as a control, for further comparison with cooled semen. The semen from
each animal was stored in extenders-free individual syringes. The syringes were kept in ice within polystyrene boxes
at 13 4+ 2°C. For both fresh and cooled semen, seminal parameters were evaluated every one-hour interval, reaching
seven hours of analysis. Fresh semen showed a significant decrease in motility, motility quality score and duration of
motility remaining viable only for three hours. Progressive motility of the cooled semen displayed a negative linear
pattern (P<0.05). The duration of motility increased (P<0.05), reaching its peak after three hours of storage. The
motility quality score showed a quadratic pattern. No statistical differences were observed when sperm morphology
was assessed (P>0.05), even though the mean values of total abnormalities have increased over the storage time.
Further studies focusing on the application of this technique should be performed, including the addition of extenders
and cryoprotectants for preservation of the sperm over longer periods.
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Qualidade espermatica do Jundia Amazonico Leiarius marmoratus
(Gill, 1870) apos o resfriamento

Resumo

O objetivo deste experimento foi avaliar a qualidade espermatica do Jundia da Amazonia, Leiarius marmoratus, apos
resfriamento sem diluidores. Apds a captura dos animais e coleta do sémen, os seguintes parametros foram analizados:
motilidade progressiva, vigor espermatico, duragdo da motilidade e morfologia espermatica. Uma aliquota de sémen
fresco de cada animal foi utilizada como controle, permanecendo em temperatura ambiente (28 + 2°C) até o momento
das analises. O sémen de cada animal foi armazenado em seringas individuais, sem a presen¢a de diluidores. As
seringas foram mantidas em gelo dentro de caixas de poliestireno a uma temperatura media de 13 + 2°C. Os parametros
seminais foram avaliados a cada hora, totalizando sete horas de andlises. O sémen fresco (controle) apresentou uma
queda significativa na motilidade progressiva, vigor espermatico e duracdo da motilidade, permanecendo viavel
apenas por trés horas. As taxas de motilidade progressiva do sémen resfriado apresentaram um comportamento linear
negativo (P<0.05). Assim como a duragdo da motilidade aumentou (P<0.05), alcangando seu pico ap6s trés horas de
resfriamento. O vigor espermatico do s€émen resfriado apresentou um comportamento quadratico. Nao foi observada
diferenga estatistica na morfologia espermatica do sémen resfriado (P<0.05), embora o niimero total de anormalidades
tende a aumentar com o decorrer do tempo. Estudos adicionais focados na aplicagdo desta técnica devem ser realizados,
incluindo a avaliagdo de diluidores e crioprotetores para a preservagdo do sémen por maiores periodos.

Palavras-chave: motilidade progressiva, duragdo da motilidade, resfriamento, vigor espermatico.
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1. Introduction

Semen conservation by cooling can be efficiently
applied to reproductive management of fish once it has
lower cost compared to freezing techniques (He and Woods
3rd., 2003). According to Marques and Godinho (2004)
refrigeration is a simple and alternative technique that allows
short-term utilization of fish sperm, thereby optimizing the
fertilization of eggs and assuring a higher productivity in
the breeding process. An additional advantage is the easy
transportation in proper recipients such as plastic bags (Stoss
and Refstie, 1983) and plastic tubes (Chereguini et al.,
1997; Wayman et al., 1998), not requiring use of liquid
nitrogen containers.

Sperm quality is a key feature for a successful breeding
process, especially in cases where spermatozoa have suffered
physical changes by cooling. Studies on fish semen have
shown some individual variations in parameters like sperm
motility and fertilizing ability. Moreover, the spermatic
indexes may vary among males or in the same individual
(Rana 1995). Development of a cryoprotectant solution
for fish semen depends on the assessment of toxic effects
and its influence over the spermatic integrity and function
(Ohta and Izawa, 1996).

Techniques for semen preservation under low
temperatures have been used for several fish species in
order to solve problems of asynchronies between males
and females in captivity as well as to improve broodstock
reproductive performance under farming conditions
(Carneiro et al., 2006). Over the last years, studies on
semen conservation of some native Brazilian fish species,
such as Brycon orbignyanus (Maria et al., 2006), Rhamdia
quelen (Carneiro et al., 2006) and Piaractus mesopotamicus
(Streit Junior et al., 2007) have shown to be very useful
due to their both economic and environmental importance.

The family Pimelodidae includes species, which
display great potential for fish farming. However, some
Pimelodid species exhibit high rates of cannibalism
during early stages and are carnivorous, thus hampering
their effective production in captivity. The utilization of
hybrids between high market value carnivorous species
such as Pseudoplatystoma fasciatum and Pseudoplatystoma
corruscans with omnivorous species may reduce this issues
(Mateo et al., 2008). In this context, Leiarius marmoratus
has gained attention from Brazilian fish farmers to the
commercial production of hybrids with P. corruscans. It
should be highlighted that cryopreservation techniques
have been decisive for commercial production of these
hybrids once there is no reproductive synchrony between
both selected species.

This study aimed at evaluating the sperm quality of
the Amazon Catfish L. marmoratus after cooling storage
without addition of extenders agents.

2. Material and Methods

The study was carried out in a fish farm located
in Rondodnia State, Northern Brazil, during the 2011
reproductive season of Brazilian migratory fish. The
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experiments were performed by staff of PEIXEGEN and
Aquam research groups.

Six males of L. marmoratus were sampled at gonadal
maturation stage, identified by a soft abdomen and releasing
of milt when the abdomen was gently squeezed. Breeders
were kept in tanks inside the laboratory, being weighed and
identified with transponders (ID 100-A) of 11.5 mm in length
and 2.2 mm in diameter with an operational frequency of
128 kHz. The transponders were subcutaneously implanted
into the dorsal region of the fish.

To induce spermiation, a single dose of carp pituitary
crude extract at 2.5 mg/kg of body weight was injected.
The semen was stripped 180 degree-hours (accumulated
thermal unit) after injection. Males were individually
wrapped with wet towels and the urogenital papilla was
cleaned and dried with paper towel before collecting
the sperm. The semen was collected into 1 mL syringes
(Billard et al., 1995). Seminal evaluation was performed
soon after sampling, and the following parameters were
assessed: progressive motility (%), motility quality score
(0 to 5 points), duration of motility (minutes) and sperm
morphology (%). Seminal analysis was performed following
the recommendations of Galo et al. (2011).

After collection, the sperm of each animal was loaded
into extenders-free individual syringes. An aliquot of fresh
semen from each male was kept at room temperature
(28 £2°C) as a control, for further comparison with cooled
semen. Following the cooling procedures, the syringes were
directly stored in dark polystyrene boxes filled with ice,
keeping the temperature at 13 + 2°C. For both fresh and
cooled semen, seminal parameters were evaluated every
one-hour interval, reaching seven hours of analysis. One
way analysis of variance (ANOVA) followed by Tukey’s
post-hoc test was used for statistical analysis (P<0.05).

3. Results

Fresh semen (room temperature control) showed a
significant decrease in motility, motility quality score
and motility period (Figure 1). Only samples from two
animals showed some motility and motility quality score
after three hours of analysis.

There was a wide variation in the duration of motility
among the males, in which samples from two males
presented a higher resistance to cooling, once a motility
rate of 40% was maintained for seven hours after stripping.
On the other hand, spermatozoa from a third specimen
lost their progressive motility after five hours following
collection (Figure 2). The mean progressive motility of the
cooled semen decreased gradually over time (Figure 3A).

The duration of motility, which displayed a negative
linear pattern (P<0.05), was more pronounced as the storage
time increased (Figure 3B). As the spermatozoa’s movement
ability decreased, the vigor also showed the same pattern.

The motility quality score showed a quadratic pattern
through the time (Figure 3C). However, after seven hours
(T =7) avigor of 2.4 points was recorded, with no statistical
differences between evaluations (P>0.05).
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Figure 1. Spermatic parameters of Leiarius marmoratus fresh semen over the time. A - Progressive motility (%), B - Motility

quality score (points); C — Duration of motility (min).
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Figure 2. Progressive motility of spermatozoa (%) from
Leiarius marmoratus males according to time.

No statistical differences were observed when sperm
morphology was assessed (P>0.05), even though the mean
values of total abnormalities have increased over storage
time (Figures 3D, 4).

4. Discussion

Differences in the spermatic indexes between males, races
or within the same individual as observed in the present study
are reported by Rana (1995) as one of main issues hampering
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the management of semen conservation. Babiak et al. (2006)
working with Hippoglossus hippoglossus, and Sahinoz et al.
(2007) studying Mastacembelus mastacembelus reported
that the semen quality might vary according to each phase
within the reproductive season.

Another hypothesis to explain the amplitude of seminal
values is related to difficulties in handling spermiation.
In fact, the semen stripping from L. marmoratus is an
arduous one, requiring different strategies when compared
to those traditionally employed to migratory fish species.
Therefore, contamination by water, feces or urine might
be common during stripping procedures and eventually
leading to early sperm activation.

Some authors have reported several aspects that might
affect the motility of in vitro stored spermatozoa, such as
maturation age of animal, storage procedure (Ohta and
Izawa, 1996), temperature, CO, exposure (Bencic et al.,
2000), pH, oxygen concentration and urine contamination
(Billard et al. 1997; Valdebenito et al. 2009).

An increase in the motility period was in some way
expected. However, Billard and Cosson (1986) reported
that the lifetime of fish spermatozoa is highly dependent
on temperature and the pH of the extender medium. At low
temperatures spermatozoa are less active than at higher
ones, but their lifetime is frequently increased (Alavi and
Cosson, 2006). It could be observed in the present study,
when comparing the motility period of the fresh semen
to that recorded for the cooled semen.
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Figure 3. Spermatic parameters of Leiarius marmoratus semen under refrigeration without extenders addition. A -
Progressive motility (%), B — Duration of motility (min) C - Motility quality score (points), D - Total abnormalities (%).
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Figure 4. Illustrations of morphologies of spermatozoa of Leiarius marmoratus under light microscopy. (a) normal
spermatozoon; (b) bent tail; (c) broken tail (d) coiled tail.
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According to Carneiro et al. (2006), although the
semen storage by cooling does not extend the spermatozoa
lifetime for similar periods as freezing techniques, it allows
a significant increase of motility period when compared
to semen exposed to room temperature.

The quadratic pattern of motility quality score rate
through storage time was noteworthy. A plausible explanation
for this fact relies on the concept of motility quality score
itself, defined as the intensity by which majority of the
spermatozoa are moving at the moment of observation.
Therefore, at the moment of the first evaluation (T = 0),
majority of spermatozoa exhibited a vigor of about 2.5
points, although the mean motility recorded at this period
was equal to 87%. After three hours (T = 3), the mean
motility of spermatozoa dropped down to 55%, despite
their vigor have reached 3.90 points. This fact might also
be related to the acquired capacitation of these spermatozoa
after three hours, which was absent at time zero (T = 0).

The survival rate recorded in this study, maintaining
spermatozoa motility at good values after cooling seems
to be inherent to other Siluridae species, such as Clarias
gariepinus studied by Mansour et al. (2002) that reported
25% of motility at 4 °C.

The cooling procedure when carried out improperly
causes partial but irreversible damages to spermatozoa.
Such damages can be easily characterized by abnormal
spermatozoon movement patterns (circular or backward
movements). Coincidently, we observed that the progressive
motility decreased as the sperm abnormalities increased.
It is possible that thermal chock (injuries by cold) might
be related to this such a result once cryoprotectant agents
were not used (Graham, 1996).

Another reason for increasing abnormality rates was
the absence of oxygenation due to drying shrinkage of the
semen, as extenders agents were not employed. According
to Babiak et al. (2006), one way to avoid spermatozoa
degeneration when stored is by diluting them into isotonic
solutions, i.e., extender mediums that simulate the seminal
fluid features in which the spermatozoa were found. The
main benefits of these extender solutions are their ability
in maintaining the humidity and avoiding bacterial growth
in the medium, allowing the preservation of spermatozoa’s
fertilizing potential for longer periods.

The cooling technique does not allow semen storage for
long periods as those achieved by freezing. Nevertheless,
this is a simpler and cheaper technique, once there is no
need of cryoprotectants agents and may be performed at
any fish breeding facility (Carneiro et al., 2006). These
authors, assessing the spermatozoa viability of silver
catfish, Rhamdia quelen, reported promising results after
12 days of cold storage without adding cryoprotectants
in the medium. No doubt the utilization of cooled semen,
kept in a common refrigerator is a practical one. The
motility values observed in the sperm of L. marmoratus
showed that semen remained viable after cooling. These
results corroborate those reported by Marques and Godinho
(2004), which used cooled semen of Leporinus friderici
for seven hours.
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When comparing the parameters of the fresh semen
to those recorded in the cooled semen (extenders-free) we
observed a better spermatic viability to the cooled semen
due to maintenance of its qualitative characteristics for
a longer period. Even without the presence of extenders
the cooled semen remained viable for seven hours. In a
practical way, the simple use of a thermal box with ice
would allow the transport of genetic material between fish
farms nearby as well as avoiding expenses with skilled
labor and freezing procedures.

Results from the present study reinforce that cooling
storage may bring some advantages for the artificial
reproduction in fish, allowing reduction costs with broodstock
maintenance as well as minimizing the inconvenience
of reproductive asynchrony between males and females
during the breeding season. Therefore, the resources related
to artificial reproduction procedures in fish farms can be
optimized. The flagellar driving force of L. marmoratus
spermatozoa remained active for more than seven hours
under refrigeration without adding extenders.
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