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INTRODUCTION 
It is known that cryopreservation promotes cellular damage that could compromise sperm quality. 
In sperm, seminal plasma provides the major defense against oxidative stress. However, dilution in 
the extender before cryopreservation reduces the concentration of antioxidants in seminal plasma, 
diminishing sperm protection against reactive oxygen species (ROS). In previous studies of our 
group it was demonstrated that this type of damage could be in part counteracted by the addition of 
antioxidants into the extenders. Extenders supplemented with vitamins C or E, improved sperm 
motility of cryopreserved sperm (Martínez-Páramo et al., 2012), and taurine and hypotaurine, 
besides improving motility, reduced DNA fragmentation (Martínez-Páramo et al., 2013). However, 
the antioxidant supplemented extenders did not reduce lipid peroxidation or improved sperm 
viability. Taking into account that broodstock diet plays an important role in gametogenesis and 
gamete quality (Izquierdo et al., 2001), in this work, a nutritional approach to enhance the sperm 
antioxidant defense was attempted. Therefore, three experimental diets were tested in European 
seabass and gilthead seabream with the aim of reinforcing the sperm antioxidant system before 
and after cryopreservation. The supplements chosen were vitamins, selenium and zinc, because of 
their antioxidant capacity and important role in spermatogenesis (Camejo et al., 2011). 

MATERIALS AND METHODS 
Fish and experimental diets 
Four different diets formulated by SPAROS Lda. (Olhão, Portugal) were tested in four broodstocks 
of European seabass and gilthead seabream, maintained at ICMAN.CSIC (Cádiz, Spain) and 
Ramalhete station (Faro, Portugal) facilities, respectively. A control diet was used as experimental 
control (Ctrl, 52% crude protein and 16% crude fat). On the three experimental diets, the Ctrl diet 
was supplemented with vitamins (300% vit. C and 300% vit. E over the Ctrl), selenium (1000% 
over the Ctrl) or zinc (400% over the Ctrl). Each broodstock was fed with one of the tested diets 
during gametogenesis, spermiation and post-spermiation periods.  

Sperm and blood collection 
Males were anesthetized to obtain sperm and blood samples (N=8 seabass; N=6 seabream). 
Blood was collected from the caudal vein and centrifuged (3,000xg, 10min, 4ºC) to obtain plasma. 
Sperm was collected by abdominal massage and centrifuged (10,000xg, 10min at 4ºC) to obtain 
seminal plasma. For the analyses of fresh samples, seabass sperm was diluted (1:6, v/v) in non-
activating medium (NAM) (Fauvel et al., 1998) and maintained at 4ºC. Seabream sperm was 
maintained at 4ºC without dilution.  

Sperm cryopreservation and thawing 
Seabass sperm was diluted (1:6, v/v) in NAM + 10% DMSO, loaded into 0.5mL straws and placed 
at 6.5cm over the liquid nitrogen surface for 15min. Straws were plugged in the nitrogen and stored 
until used. For thawing, straws were immersed in a water bath at 35ºC for 15s.  
Seabream sperm was diluted (1:6, v/v) in 1% NaCl + 5% DMSO, loaded into 0.5mL straws and 
placed at 2cm over the liquid nitrogen surface for 10min. Straws were plugged in the nitrogen and 
stored until used. For thawing, straws were immersed in a water bath at 25ºC for 30s.  

Evaluation of sperm quality and antioxidant status 
Motility (CASA), viability (PI; flow cytometry) and lipid peroxidation (Bioxitech MDA-586 kit, Oxis, 
USA) were determined in sperm, before and after cryopreservation. Total antioxidant status (TAS; 
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RANDOX, UK) was determined in blood plasma and seminal plasma collected during 
gametogenesis and through the reproductive season. Concentration of vitamins C and E, selenium 
and zinc in seminal plasma was determined by Innoagral (Biotech S.L., Seville, Spain) in each 
broodstock.

Fertilization trials 
Eggs from seabass and seabream were collected by abdominal massage during the natural 
spawning period. For both species, eggs were artificially fertilized with cryopreserved sperm 
(approx. 2x107 spz/egg for seabass and 1.3x106 spz/egg for seabream) and incubated until 
hatching (16ºC seabass and 19ºC seabream). 

RESULTS  
In both species, total antioxidants (TAS) in blood plasma showed the highest concentration during 
gametogenesis, with a significant reduction during spermiation and post-spermiation periods. 
During gametogenesis, TAS in blood plasma was higher in seabream males fed the vitamin 
supplemented diet than males fed the other diets. Vitamins diets also increased the amount of vit C 
and vit E in seabream and seabass seminal plasma, respectively. Selenium was also increased in 
seabass seminal plasma fed selenium diet. In both species, the zinc supplemented diet did not 
increase TAS neither the concentration of this component in seminal plasma. Sperm motility 
parameters (total sperm motility and progressiveness) were not improved by the supplemented 
diets in fresh or cryopreserved sperm from both species, however, the viability of seabass fresh 
sperm was higher in the fish fed experimental diets than in control. After cryopreservation, the 
selenium and zinc supplemented diets reduced lipid peroxidation of seabass sperm. The same 
effect was produced by vitamins in seabream. Hatching rates of both species were similar in all 
treatments. 

DISCUSSION AND CONCLUSIONS 
The experimental diets showed differential effect depending on the species, improving seabass 
fresh sperm viability and reducing lipid peroxidation of cryopreserved sperm of both species. 
Results demonstrated that it is possible to increase total antioxidants in blood plasma during 
gametogenesis through breeders’ nutrition, and this fact could have an essential role in further 
functionality of mature sperm (Camejo et al., 2011). The analyses of the seminal plasma 
components also confirm that the vitamins, selenium and zinc incorporated in the diets increased 
the amount of these components in sperm. The increment of TAS during gametogenesis was not 
maintained through spermiation and post-spermiation periods. This fact could be explained by the 
significant reduction of feeding intake of both species during the reproductive season. 
In conclusion, vitamins, selenium and zinc supplemented diets were able to enhance the 
antioxidant system of seabass and seabream, reducing lipid peroxidation of cryopreserved sperm. 
Taking into account previous results in which antioxidant supplemented extenders improved sperm 
motility and DNA integrity, the combination of both modulation ways (nutrition and extender 
supplementation), could improve significantly sperm quality after cryopreservation. 
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