
Summary. The present study was designed to determine
whether lipid peroxidation was associated with the
impairment of the fertilizing capability of gilthead sperm
after acute exposure to anionic surfactant Sodium
Dodecyl Sulphate (SDS).

Spawned eggs and sperm were collected from adult
giltheads. Sperm suspensions (108 spermatozoa/mL)
were dosed separately with different concentrations of
SDS (0.6, 1.5, 3 and 6 mg/L) for 60 minutes. After this
period, sperm samples were randomly distributed for
both outcome measurements: fertilization percentage or
lipid peroxidation assessment. On one hand, exposed
sperm and unexposed eggs were combined for 20
minutes during which fertilization took place.
Fertilization, defined as the presence of a fertilization
envelope, was assessed by microscopic observation. On
the other hand lipid peroxidation on exposed gilthead
sperm was determined by estimating the production of
malondialdehyde (MDA).

Acute exposure to SDS caused a significant
inhibitory effect on fertilization success in gilthead. It
also increased significantly lipid peroxidation in exposed
sperm. Furthermore, a strong but negative statistical
association was found between fertilizing capability and
lipid peroxidation gilthead sperm exposed to SDS.

Although extrapolation from the laboratory to the
field requires caution, the results of this work
demonstrated that the impairment of fertilization was
significantly associated with lipid peroxidation induced
by acute exposure to SDS. Consequently lipid
peroxidation may be recommended as an early-warning
bioindicator of exposure to surfactants. Further studies
are required.
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Introduction

The wide variety of processes in which surfactants
are incorporated has resulted in a spectacular increase in
their consumption, which has grown from about 13x106

tons in 1977 to 18x106 tons in 1995 (Granados, 1996).
Due to their widespread use, there has been increasing
concern about the environmental behaviour of these
compounds. 

Accordingly, acute toxic effects of anionic
surfactants on aquatic species have been studied at
different life stages in fish (Ribelles et al., 1995; Rosety
et al., 1997, 2001a). On the other hand, the effects of this
phenomenon on free gametes have received little
attention (Nipper et al., 1993; Rosety et al., 2001b,c,
2003).

In this line, the selection of sperm seemed of
particular interest, since it is widely accepted that they
are highly sensitive to xenobiotics (Kime, 1995; Rosety
et al., 2001b). Furthermore, the sperm cell toxicity test
requires only 60 minutes of toxicant exposure, whereas
other marine embryo and larval tests require 2 to 4 days
of exposure, both having similar sensitivities (Dinnel,
1995).

In any case, the question arises as to how surfactant
exerts its toxic action. Recent studies have reported
oxidative stress may play an important role in
toxicological effects induced by acute exposure to
anionic surfactants such as SDS (Nunes et al., 2006).

For the reasons already mentioned, the present study
was designed to determine whether oxidative damage
was associated with the impairment of the fertilizing
capability of gilthead sperm induced by acute exposure
to anionic surfactant SDS.

Materials and methods

Gilthead seabream, Sparus aurata, L, was chosen as
a test species since it represents a widespread fish on the
Atlantic and Mediterranean coast of Spain and also for
its traditional importance in the aquaculture industry
(Sitja-Bobadilla et al., 2005). In this case, adult giltheads
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were collected from a culture unit at San Fernando
(Cádiz). 

Three males were chosen for collection by stripping
the sperm stock for our bioassay. It was kept at 4°C in a
dry undiluted state until the beginning of the
experiments. Sperm viability was assessed by observing
(not quantifying) their mobility in filtered seawater on a
microscope slide under x400 magnification. Sperm stock
was diluted to 108 sperm/mL using a Neubauer chamber.

To prevent adhesion of sperm, the tubes were
precoated by dipping in 1% polyvinyl alcohol (average
molecular weight 30000-70000; Sigma) solution and
dried at 60°C (Perchec et al., 1995).

In the experiments on the determination of surfactant
toxicity for sperm, 0.1 mL of the sperm suspensions
were exposed for 1 hour in individual test tubes
containing SDS in concentrations of 0 (controls), 0.6,
1.5, 3 and 6 mg/L as was reported previously (Rosety et
al., 2003). This stock was randomly distributed for both
outcome measurements: fertilizing or lipid peroxidation
assessment.

Spawning was artificially induced by an injection of
1.5 ml of KCl 0.5 M into the coelomic cavity. We
selected three females, whose eggs had showed
previously a 90% fertilization success or more, to
contribute to the pool of eggs for each bioassay.
Released eggs were filtered through a relatively coarse
screen to remove debris and washed 3 times in 300 mL
of filtered seawater before being used in the bioassay.
The egg stock was diluted to 2000 eggs/mL, using a
Sedgwick-Rafter chamber to count them.

On one hand, 1 mL of the unexposed egg suspension
was added to each test tube containing exposed sperm
after being washed in FSW to prevent SDS from
affecting the eggs. After 20 minutes exposure during
which fertilization took place, the tests were stopped by
adding 2 ml of a 10% solution of formaldehyde in
filtered seawater. Fertilization rate in a 100-egg
subsample per replicate was analyzed under a
microscope. It may be noted that we prepared 3
replicates per treatment.

In our study, sperm/egg ratios of 3500 were selected
to evaluate the effects of SDS on the sperm fertilizing
capability. Using this ratio, fertilization rate in controls

was higher than 90%. Furthermore, the potential
problem of high sperm concentrations masking the
toxicity of surfactant was avoided.

In this respect, the criterion used to judge exposure
effectiveness was fertilization success after being
combined with unexposed eggs. Fertilization, defined as
the presence of a fertilization envelope, was assessed by
microscopic observation. While Dinnel et al. (1982)
considered eggs unfertilized if they had partially formed
membranes, we considered them fertilized since the test
endpoint is the evaluation of the fertilizing capability of
the sperm. Partial membranes indicate the existence of
enough viable sperm to fertilize the eggs, in spite of the
eggs inability to raise the whole fertilization membrane
(Nipper et al., 1993). 

On the other hand, lipid peroxidation on gilthead
sperm exposed to SDS (0 [controls], 0.6, 1.5, 3 and 6
mg/L) was determined by estimating the production of
malondialdehyde (MDA) as was reported previously by
Placer et al. (1996).

Stock solutions of Sodium Dodecyl Sulphate (SDS)
were diluted with sperm-free seawater in order to obtain
the desired concentrations. The seawater used for
dilution and control tubes was filtered through 0.5 um
cellulose filters prior to use. Its physiological
characteristics were as follows: pH 7.4, temperature
20°C, surface tension 72.7 mN/m, dissolved oxygen 8-
8.6 mg/L, hardness 100 mg CaCO3 mg/L and salinity
30‰. It should be mentioned that to carry out in vivo or
in vitro fertilization of gilthead eggs, water salinity
should be more than 9 ppt (Ratto et al., 1997).

Results were expressed as mean ± sd and 95%
confidence interval. For statistical analysis of our data,
one-way analysis of variance (ANOVA) followed by
Tukey´s test post hoc were performed. Pearson´s
correlation coefficient (r) was used to measure the
strength of the association between the variables
fertilizing capability and lipid peroxidation. In any case,
significance was ascertained at p<0.05. The SPSS
statistical software package was used. 

Results

All SDS tested concentrations caused significant
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Table 1. Effects of acute exposure to different concentrations of sodium dodecyl sulphate (SDS) on fertilizing capability and lipid peroxidation of
gilthead sperm.

FERTILIZING CAPABILITY LIPID PEROXIDATION

Controls 93.8±2.9 [90.2-97.4] 0.96±0.14 [0.94-0.98]
0.6 mg/L SDS 72.3± 3.1 [68.2-76.4] a 2.10±0.28 [2.09-2.11] a

1.5 mg/L SDS 60.7±3.2 [57.5-64.1] a,b 4.15±0.40 [3.99-4.31] a,b

3 mg/L SDS 42.6±2.8 [40.1-45.1] a,b,c 6.90±0.48 [6.65-7.15] a,b,c

6 mg/L SDS 7.7±2.0 [6.9-8.5]a,b,c,d 8.30±0.56 [7.98-8.62] a,b,c,d

Results are expressed as mean ± sd and 95% Confidence Interval. Controls: 0 mg/mL SDS. Fertilizing capability (%). Lipid peroxidation expressed as
malondialdehyde content (nmol MDA/108 spermatozoa). Significant differences at p<0.05 when compared to controls a; 0.6 mg/l SDS b; 1.5 mg/l SDS
c ; 3 mg/l SDS d. 
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reduction in the fertilizing capability of gilthead sperm.
We also found a significant increase of lipid
peroxidation in terms of malondiahdehyde content after
acute exposure to SDS. These results are listed in Table
1 and Figure 1. Moreover, we found a significant but
negative correlation between the assessed variables
fertilizing capability and lipid peroxidation (r=-0.68;
p<0.05)

Discussion

As was hypothesized, our results clearly indicated
that acute exposure to anionic surfactant SDS impaired
the fertilizing capability of gilthead sperm. A stronger
negative effect on this parameter was reported by Rosety
et al. (2001b) after the exposure of gilthead sperm to
another anionic surfactant such as linear alkylbenzene
sulphonate (LAS). In any case, a clear dose-response
relationship for the reduction on percentage fertilization
of gilthead Sparus aurata was observed for both SDS
and LAS (Rosety et al., 2001b). Later studies also
demonstrated that exposure to LAS significantly
decreased sperm motility which may explain, at least in
part, the impairment of fertilization success (Rosety et
al., 2003).

Recent studies have also reported that oxidative
stress may be directly associated with reproductive
impairment in fish. In this respect, Zhou et al. (2006)
have already reported that lipid peroxidation was
associated with reproductive impairment of the common
carp (Cyprinus carpio) exposed to duroquinone. Similar
results were reported by Oakes et al. (2003a) in the
gonads of white sucker (Catostomus commersoni)
exposed to pulp and paper mill effluent.

Although differences in experimental procedures
and conditions between the above mentioned studies
suggest proceeding with caution, these data
demonstrated the high sensitivity of fish sperm to
oxidative stress induced by xenobiotics.

Accordingly, sperm seemed to be particularly

susceptible to oxidative damage. This may be explained
by the fact that the majority of the cytoplasm in the
spermatozoa was lost during the final stage of
spermatogenesis, leading to a low activity of
cytoplasmic antioxidant enzymes (Donnelly et al.,
2000). 

In previous studies to explain how surfactants
exerted their toxic action, Thorhaug (1992) and Singer
and Tjeerdema (1993), reported that they may disrupt
biological membranes and subcellular organelles. These
findings may be explained, at least in part, by the fact
that these membranes contain high levels of
polyunsaturated fatty acids (PUFA) which are highly
susceptible to reactive oxygen species (Agarwal and
Prabakaran, 2005). 

The lipid metabolism in sperm cells is important
both for cell structure and for energy production. In this
respect it should be pointed out that sperm membranes
also contain a high level of polyunsaturated fatty acids
(PUFA) both in mammal (Lenzi et al., 2002) and fish
sperm (Pustowka et al., 2000). Consequently, lipid
peroxidation assessment may be recommended as a
bioindicator of oxidative damage (Mansour et al., 2006). 

It should be emphasized that we have determined
lipid peroxidation by assessing malondialdehyde content
instead of thiobarbituric acid reactive substances
(TBARS), as reported by previous studies (Oakes et al.,
2003a,b). This fact seemed of great interest since it is
generally accepted that there are methodological
problems with the TBARS assay, including lack of
specificity and generation of artifactual TBARS under
various assay conditions (Janero, 1990; Mylonas and
Kouretas, 1999).

Although extrapolation from the laboratory to the
field requires caution, the results of this work suggested
that gilthead reproduction may be impaired by lipid
peroxidation induced by acute exposure to anionic
surfactants such as sodium dodecyl sulphate (SDS).
Consequently, lipid peroxidation assessment may be
recommended as an early-warning bioindicator of acute
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Fig. 1. Fertilizing capability and lipid
peroxidation of gilhead sperm after
exposure to SDS. Superscripts
expressed signnificant diffeences
between diffeent SDS concentrations.



exposure to surfactant. Further studies on this topic are
required.
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