
Summary. In a widely distributed and commercially
important fish, gilthead seabream Sparus aurata L., we
have studied sublethal effects of malathion in order to
identify early warning bioindicators of exposure before
irreversible damage occurs.
To achieve this goal, groups of 10 juvenile

specimens were exposed for 24, 48, 72 and 96h to a
sublethal concentration of malathion (0.4 mg/l). Another
group was used as control. The activity of antioxidant
enzymes (superoxide dismutase, catalase and glutathione
peroxidase) and histopathological features from exposed
gills were assessed. It should also be mentioned that no
mortality was observed during the whole experience.
The activity of superoxide dismutase (SOD),

catalase (CAT) and glutathione peroxidase (GPX) were
altered significantly from 24 h onward (p<0.05). It is of
interest to note that catalase activity was decreased after
exposure instead of increasing as other antioxidant
enzymes assessed. On the other hand, histopathological
alterations of the gills were observed as early as at 48 h-
exposure, but the most severe damage occurred at 96 h
exposure.
The evidence presented here, together with other

data from the literature, unequivocally established
oxidative-stress-inducing effects of malathion in gilthead
seabream Sparus aurata. It is also concluded
antioxidants employed (SOD, CAT and GPX) changed
significantly a long time before histopathological
alterations of gills became evident. Consequently, these
antioxidant enzymes may be highly recommended as
early-warning bioindicators of environmental pollution
by malathion in the areas where it is proposed to be used
in pest control activities.
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Introduction

Since the discovery of the importance of radical
reactions in biological processes, there has been an
explosion of research into pro-oxidant and antioxidant
processes, principally in mammalian systems (Caglar et
al., 2003; Tsanou et al., 2004). Antioxidant enzymes of
fishes, that play a crucial role in maintaining cell
homeostasis, have received much attention in
ecotoxicology since oxidative damage was considered a
mechanism of toxicity in aquatic organisms exposed to
environmental contaminants in general (Santos et al.,
2004) and organophosphates in particular (Hai et al.,
1997). In addition it has been also published that acute
exposure to the latter pollutants may lead to
histopathological alterations in different organs of
exposed specimens (Fanta et al., 2003).
Organophosphate insecticides, especially malathion,

are commonly used for mosquito and fruit fly control
because of their low mammalian toxicity and relatively
short half-life. Further, they have been also used in fish-
farming tanks to eliminate aquatic larval stages of
insects (Silva et al., 1993). However they are prone to
contaminate surface waters that may finally lead to the
exposure of non-target organisms such as fish. 
Gilthead seabream, Sparus aurata (L.), is a high

level protein and commercial species much appreciated
in the Mediterranean countries where intense fish culture
activities are carried out (Ortuno et al., 2000).
Accordingly, it has been widely studied not only to
improve its farm production but also to assess the
influence of some xenobiotics on saltwater fish (Rosety
et al., 2001, 2003). Further, this study was focussed on
gills because they have been considered one of the main
targets for many aquatic pollutants (Rosety-Rodriguez et
al., 2002). 
For the reasons already mentioned this experimental

design was conducted to assess chronologically
antioxidant response and histopathological features of
gilthead seabream gills after acute exposure to malathion
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in order to assess their potential role as early-warning
bioindicators.
Materials and methods

A total of 50 juvenile specimens of the teleost
gilthead seabream, Sparus aurata, L., with a mean ± SE
mass of 75±6.3 g were acquired from a commercial
hatchery at San Fernando (Cádiz, Spain) and allowed to
acclimatise to the dilution seawater used in the tests for
20 days before the experiment. Animals were fed daily
with commercial pellets.
After that, fish were randomly allocated to control

group and to a sublethal concentration of malathion of
0.4 mg/l for 24 h (Group A), 48 h (Group B), 72 h
(Group C) and 96 h (Group D). This concentration was
taken as representative of low-level insecticide
contamination following literature references (Howard,
1991). Certified solution (96.7% of active ingredient) of
malathion (O,O-dimethyl phosphorodithioate of
dimethyl mercaptosuccinate) was used as the
contaminant (American Cyanamid Co.). 
Both control and experimental groups with ten

individuals in each one were maintained in 500 l
polyethylene tanks with constant aeration and a 12 h
light/dark artificial light cycle. The water was changed
daily (remaining food, feces and pseudofeces were
removed) until the end of the experiments. 
At the end of the 24, 48, 72 and 96 h of exposure,

fish were sacrificed. To avoid excessive stress during
handling fish were introduced for a few minutes into a
20 l container with 10 mg/l of quinaldine sulphate. Then,
the anaesthetised fishes were decapitated.
Gill tissues were dissected, washed in physiological

saline solution (0.9% NaCl) and frozen at -85°C until
required for use. The tissues were homogenized by glass
Teflon-homogenizer (Heidolph S01 10R2RO) in 1:10
w/v cold 1.15% KCl solution and then centrifuged at
9500xg for 30 min in a Sorvall RC2B centrifuge at 4°C.
Supernatants were used to determine the antioxidant
enzyme activities: superoxide dismutase (SOD, E.C.
1.15.1.1) by McCord and Fridovich (1969), catalase
(CAT, 1.11.1.6) by Beutler (1975) and gluthathione
peroxidase (GPX, E.C. 1.11.1.9) by Floche and Gunzler
(1984). 
For histopathological assessment, samples were

fixed in 10% v/v formol buffered with 0.1 M phosphate
buffer, pH 7.2, dehydrated in increasing concentrations
of alcohol, cleared with benzol and finally embedded in
semisynthetic paraffin wax with a mean fusion point of
54-56°C. Sections were cut at 5 mm. Harris´
hematoxylin and acetic eosin and Harris’ hematoxylin-
VOF (Gutierrez, 1967) were employed as general stain.
Results were expressed as mean ± SD. The statistical

significance of the differences between values of control
and at the different days of sampling was evaluated by
Student´s t-test for unpaired data by mean of the
Statistical Analysis System (SPSS 11.0). The
significance of the results was ascertained at p<0.05

(Zar, 1999). 
Results

Antioxidant activities of SOD, CAT and GPX are
listed in Table 1. Significant modifications in gill tissues
of all of the above detoxification enzymes were evident
from 24-h onward (p<0.05). It should also be pointed out
that catalase activity was decreased instead of increasing
as other antioxidant enzymes assessed. In any case, these
alterations were all time-dependent.
Sections of untreated specimens revealed

histological patterns similar to that described previously
for giltheads (Ribelles et al., 1995 ) and for other teleost
fish (Laurent and Dunel, 1980). In this line, gill arches
contain primary lamellae each one with respiratory
lamellae (secondary lamellae) lined up along both of its
sides, as is usual for teleosts. Primary lamellae are
covered by stratified squamous epithelium and they
serve more as support for the secondary lamellae than
for respiration. The surface of the respiratory lamellae is
covered with simple squamous epithelium and blood
spaces are delimited by pillar cells separated from the
epithelium by a thick basal membrane. In addition the
respiratory epithelium contains specialized chloride cells
that assist with osmoregulation by excreting chloride,
potassium and sodium ions.
Regarding histopathology, the tendency of some

secondary lamellae to fuse were found at 48 h of
exposure. At 72 h exposure, histological examination
revealed the clubbing and fusion of secondary lamellae
as well as the hyperplasia of the respiratory epithelium
and a thickening of the basal membrane in the secondary
lamellae. At 96 h, histopathological features seen before
were more generalized. Further, detachment of the
epithelial layer caused by strong edema at the primary
lamellae and some areas with generalized shrinkage of
the lamellar cells at the secondary lamellae were also
observed (Fig. 1).
It should also be mentioned no mortality was

observed during the whole experience.
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Table 1. Antioxidant enzyme activities in gill tissues from gilthead
seabream, Sparus aurata L. , exposed to a sublethal concentration of
malathion (0.4 mg/l) for 24, 48, 72 and 96 h.

SOD CAT GPX 
(U/mg Prot) (U/mg Prot) U/mg Prot)

Control 0.38±0.04 7.01±0.73 0.10±0.02
Group A 0.47±0.06* 6.54±0.49* 0.19±0.05*
Group B 0.54±0.05* 6.11±0.52* 0.26±0.05*
Group C 0.59±0.07* 5.80±0.33* 0.31±0.08*
Group D 0.62±0.09* 5.67±0.47* 0.36±0.07*

Control: No exposure; Group A: 24 h exposure; Group B: 48 h
exposure; Group C: 72 h exposure; Group D: 96 h exposure. Results
are expressed as mean ± SD (n=10). *: p < 0.05.



Discussion

The majority of research done with
organophosphorus pesticides is based on their lethal
effects. However, knowledge of the sublethal effects of
these compounds seemed to be highly important in order
to identify early warning bioindicators of exposure
before irreversible damage occurs.
In this line, the redox status of fishes has received

much attention in recent years (Pena-Llopis et al., 2003).
The findings of the present investigation indicated the
possible involvement of free radicals in malathion-
induced toxicity and highlight the protective action of
antioxidant enzymatic system from tissues such as gills. 
Antioxidant enzyme activities of gilthead seabream,

such as Sparus aurata, discussed here, could only be
compared with other species exposed to
organophosphates, since no data were found in the
literature for this species. In this respect, increased
activities of antioxidant enzymes have been found
previously in both freshwater (Hai et al., 1997) and
marine fish (Pedrajas et al., 1995) exposed to
organophosphates. Regarding Sparus aurata, significant
changes in antioxidant enzyme system (SOD, CAT and
GPX) have been also described in specimens exposed to
cadmium (Vaglio and Landriscina, 1999). Further, it
should be noted that comparisons must be taken with
caution given that remarkable differences can be
obtained depending on species habitat and feeding
behaviour (Ahmad et al., 2000). In any case, the data
obtained in this study could be useful as reference values
for further studies focussed on this topic.
Given its role in the antioxidant defense system,

catalase activity was expected to increase as exposure
time increased. However, it is interesting to note that
catalase activity was not increased as with other

examined antioxidants but decreased as was also
reported recently by Pascual et al. (2003) in gilthead
seabream, S. aurata, exposed to food deprivation and
Sayeed et al. (2003) in freshwater fish, Channa punctatus
Bloch, exposed to pesticides. The explanation of why
catalase activity decreased after exposure remains to be
determined but it could be provoked by the flux of
superoxide radicals, (O2-) induced by the pollutants(Ahmad et al., 2000). 
In general terms, when compared with other tissues,

such as liver or kidney, it is observed that gills
antioxidant enzyme potential is very poor as was
suggested previously by different studies (Pandey et al.,
2003; Sayeed et al., 2003).
The present work has also revealed that the gills of

Sparus aurata were affected after acute exposure to a
sublethal concentration of malathion, but later than
antioxidant enzyme activities. In this line,
histopathological features from exposed gills were
observed as early as at 48 h exposure, but the most
severe damage occurred at 96 h exposure. In general
terms these alterations were time-dependent and similar
to those observed previously by Cengiz and Unlu (2003)
and Fanta et al. (2003). Further, Dutta et al. (1996)
reported that the gills of H. fossilis were highly affected
by a sublethal dose of malathion as early as at 24 h
exposure. It may be explained since they used a higher
concentration to assess sublethal effects.
The evidence presented here, together with other

data from the literature, unequivocally established
oxidative-stress-inducing effects of malathion in gilthead
seabream Sparus aurata. It is also concluded that
antioxidants employed (SOD, CAT and GPX) changed
significantly after 24 h exposure, a long time before
histopathological alterations of gills became evident.
Consequently, these antioxidant enzymes may be highly
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Fig. 1. Gilthead seabream gills from control and exposed specimens to a sublethal concentration of malathion (0.4 mg/l), stained with Harris´
hematoxylin and acetic eosin and Harris’ hematoxylin-VOF (Gutierrez, 1967). A. control individuals. B. At 48 h exposure, the tendency of some
secondary lamellae to fuse was observed. C. After 72 h exposure, histopathological assessment revealed the hyperplasia of the respiratory epithelium
as well as the shortening of lamellae. D. At 96 h, the detachment of the epithelial layer at the primary lamellae as well as some areas with shrinkage of
the lamellar cells were evident. x 400



recommended as useful early-warning bioindicators of
environmental pollution by malathion in the areas where
it is proposed to be used in pest control activities.
Acknowledgements. This research has received financial support from a
National Grant (Nº Exp.: 01/0250). Instituto de Salud Carlos III.
Ministerio de Sanidad y Consumo. España. 

References

Ahmad I., Hamid T., Fatima M., Chand H.S., Jain S.K., Athar M. and
Raisuddin S. (2000). Induction of hepatic antioxidants in freshwater
catfish (Channa punctatus Bloch) is a biomarker of paper mill
effluent exposure. Biochim. Biophys. Acta 1523, 37-48. 

Beutler E. (1975). Catalase. In: Red cell metabolism a manual of
bichemical methods. Beutler E. (ed). Grune and Straton. New York.
pp 89-90.

Caglar Y., Kaya M., Belge E. and Mete U.O. (2003). Ultrastructural
evaluation of the effect of endosulfan on mice kidney. Histol.
Histopathol. 18, 703-708.

Cengiz E.I. and Unlu E. (2003). Histopathology of gills in mosquitofish,
Gambusia aff inis after long-term exposure to sublethal
concentrations of malathion. J. Environ. Sci. Health. B. 38, 581-589.

Dutta H.M., Munshi J.S.D., Roy P.K., Singh N.K., Adhikari S. and Killius
J. (1996). Ultrastructural changes in the respiratory lamellae of the
catfish, Heteropneustes fossilis after sublethal exposure to
malathion. Environ. Pollut. 92, 329-341. 

Fanta E., Rios F.S., Romao S., Vianna A.C. and Freiberger S. (2003).
Histopathology of the fish Corydoras paleatus contaminated with
sublethal levels of organophosphorus in water and food. Ecotoxicol.
Environ. Saf. 54, 119-130.

Floche L. and Gunzler W.A. (1984). Glutathione peroxidase. In:
Methods in enzymology. Packer L. (ed). Academic Press. New York.
pp 115-121. 

Gutierrez M. (1967). Coloracion histologica para ovarios de peces,
crustaceos y moluscos. Inv. Pesq. 31, 265-271.

Hai D.Q., Varga S.I. and Matkovics B. (1997). Organophosphate effects
on antioxidant system of carp (Cyprinus carpio) and catfish (Ictalurus
nebulosus). Comp. Biochem. Physiol. C. Pharmacol. Toxicol.
Endocrinol. 117, 83-88.

Howard P.H. (1991). Handbook of environmental fate and exposure
data for organic chemicals. Pesticides. Lewis Publishers. Chelsea
(Mi). pp 684. 

Laurent P. and Dunel S. (1980). Morphology of gill epithelia in fish. Am.
J. Physiol. 230, 147-159.

McCord J.M. and Fridovich I. (1969). Superoxide dismutase: an
enzymatic function for erythrocuprein (hemocuprein). J. Biol. Chem.
244, 6049-6055.

Ortuno J., Esteban M.A. and Meseguer J. (2000). High dietary intake of
alpha-tocopherol acetate enhances the non-specific immune
response of gilthead seabream (Sparus aurata L. ). Fish. Shellfish.
Immunol. 10, 293-307.

Pascual P., Pedrajas J.R., Toribio F., Lopez-Barea J. and Peinado J.

(2003). Effect of food deprivation on oxidative stress biomarkers in
fish (Sparus aurata). Chem. Biol. Interact. 145, 191-199.

Pandey S, Parvez S, Sayeed I, Haque R, Bin-Hafeez B, Raisuddin S.
(2003). Biomarkers of oxidative stress: a comparative study of river
Yamuna fish Wallago attu (Bl. & Schn.). Sci. Total. Environ. 309,
105-115.

Pedrajas J.R., Peinado J. and Lopez-Barea J. (1995). Oxidative stress
in fish exposed to model xenobiotics. Oxidatively modified forms of
Cu, Zn-superoxide dismutase as potential biomarkers. Chem. Biol.
Interact. 98, 267-282.

Pena-Llopis S., Ferrando M.D. and Pena J.B. (2003). Fish tolerance to
organophosphate-induced oxidative stress is dependent on the
glutathione metabolism and enhanced by N-acetylcysteine. Aquat.
Toxicol. 65, 337-360.

Ribelles A., Carrasco C. and Rosety M. (1995). Morphological and
histochemical changes caused by sodium dodecyl sulphate in the
gills of giltheads (Sparus aurata, L.). Eur. J. Histochem. 39, 141-
148.

Rosety M., Ordonez F.J., Rosety-Rodriguez M., Rosety J.M., Rosety I.,
Carrasco C. and Ribelles A. (2001). Comparative study of the acute
toxicity of anionic surfactans alkyl benzene sulphonate (ABS) and
sodium dodecyl sulphate (SDS) on gilthead, Sparus aurata L., eggs.
Histol. Histopathol. 16, 1091-1095

Rosety M., Ordonez F.J., Rosety-Rodriguez M., Rosety J.M. and Rosety
I. (2003). In vitro acute toxicity of anionic surfactant linear
alkylbenzene sulphonate (LAS) on the motility of gilthead (Sparus
aurata L. ) sperm. Histol. Histopathol. 18, 475-478.

Rosety-Rodriguez M., Ordonez F.J., Rosety M., Rosety J.M., Rosety I.,
Ribelles A. and Carrasco C. (2002). Morpho-histochemical changes
in the gills of turbot, Scophthalmus maximus L., induced by sodium
dodecyl sulfate. Ecotoxicol. Environ. Saf. 51, 223-228.

Santos M.A,. Pacheco M. and Ahmad I. (2004). Anguilla anguilla L.
antioxidants responses to in situ bleached kraft pulp mill effluent
outlet exposure. Environ. Int. 30, 301-308.

Sayeed I., Parvez S., Pandey S., Bin-Hafeez B., Haque R. and
Raisuddin S. (2003). Oxidative stress biomarkers of exposure to
deltamethrin in freshwater fish, Channa punctatus Bloch. Ecotoxicol.
Environ. Saf. 56, 295-301.

Silva H.C ., Medina H.G.S., Fanta E. and Bacila M. (1993). Sub-lethal
effects of the organophosphate Folidol 600 (methyl parathion) on
Callichthys callichthys (Pisces, Teleostei). Comp. Biochem. Physiol.
C. 105, 197-201.

Tsanou E., Ioachim E., Briasoulis E., Damala K., Charchanti A.,
Karavasil is V., Pavlidis N. and Agnantis N.J. (2004).
Immunohistochemical expression of superoxide dismutase (MnSOD)
anti-oxidant enzyme in invasive breast carcinoma. Histol.
Histopathol. 19, 807-813.

Vaglio A. and Landriscina C. (1999). Changes in liver enzyme activity in
the teleost Sparus aurata in response to cadmium intoxication.
Ecotoxicol. Environ. Saf. 43, 111-116.

Zar J.H. (1999). Biostatistical analysis. Prentice-Hall-Englewood Cliffs.
New York. pp 253-260.

Accepted April 22, 2005

1020
Biomarker of sublethal malathion exposure


