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The instability of active oxygen species and the
effects of these species on cells and tissues lead fish,
like other vertebrates, to present several enzymatic
and non-enzymatic defense systems with antioxidant
capacities (Del Maestro 1980, Sies & Murphy 1991,
Sies 1993, Wilhelm Filho 1996). Under normal condi-
tions, there is an equilibrium between pro-oxidant pro-
duction and antioxidant defenses. An imbalance in
favour of pro-oxidants characterizes the oxidative stress
condition (Machlin & Bendich 1987, Sies 1993). This
situation could induce higher lipid peroxidation ratios
in tissues and cell damage (Southorn & Powis 1988).

In aquatic animals, several conditions are reported to
induce oxidative stress. For example, it may result as a
response to several xenobiotics and hormonal changes

(Videla et al. 1995, Bainy et al. 1996) or when animals
are exposed to normoxia after having repeatedly ex-
perienced prolonged periods of anoxia or ischaemia
(Storey 1996). Data reporting changes in oxidative
stress associated with parasite infection in these ani-
mals are extremely scarce (Dykens 1984, Dikkeboom
et al. 1988, Nabih & El-Ansary 1993, Neves et al. 2000).
Furthermore, as far as we know, there are no records
for fishes.

Considering the above facts and that the freshwater
fish Rhamdia quelen is an intermediary host of the
trematode Clinostomum sp. (Fortes & Hoffmann 1980),
the aim of this work was to analyze the possible oxida-
tive stress and lipid peroxidation induced by Clino-
stomum detruncatum parasitism in the muscle of R.
quelen.

Material and methods. Freshwater fish Rhamdia
quelen were collected at Sarandi rivulet near Chui
city (Southern Brazil). They were measured (20.5 to
36.0 cm), weighed (148 to 508 g), and sacrificed.
Muscle samples from 6 uninfected and 6 Clinostomum
detruncatum infected fishes were obtained near the
pectoral fins. In infected fishes, muscle samples were
collected near the parasite cyst without including it. All
samples were maintained in dry ice for transportation.
In the laboratory, they were frozen (–70°C). For analy-
sis, the muscle sample (1 g) was defrosted and homo-
genized in 5 ml of an ice-cold buffer solution (140 mM
KCl, 20 mM phosphates). Homogenization was per-
formed in an Ultra-turrax, for 30 s at 0 to 4°C. The
homogenate was centrifuged (1000 × g) for 10 min
(Llesuy et al. 1985). The supernatant was then col-
lected and separated into aliquots for protein, chemi-
luminescence, and superoxide dismutase (SOD; EC
1.15.1.1) and catalase (CAT; EC 1.11.1.6) activity de-
terminations.
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ABSTRACT: The effect of Clinostomum detruncatum meta-
cercaria infection on the activities of the antioxidant enzymes
superoxide dismutase and catalase in muscle of the fresh-
water fish Rhamdia quelen was analyzed. Tert-butyl hydro-
peroxide-initiated chemiluminescence, a measure of lipid
peroxidation, was also investigated. Enzyme activities were
similar in infected and uninfected fishes. However, the chemi-
luminescence was almost 2-fold higher in muscle of infected
fishes than in muscle of uninfected ones. These results indi-
cate that parasite infection induces oxidative stress and a
higher level of membrane damage in the fish muscle due to
an imbalance between pro-oxidants and non-enzymatic anti-
oxidants. Our results suggest that fish response to parasite
infection could involve, as in other vertebrates, reactive oxy-
gen intermediates.
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Protein concentration of the homogenate was deter-
mined following the method described by Lowry et al.
(1951) and employing bovine albumin (1 mg ml–1) as
standard. All measurements were performed in dupli-
cate.

Enzyme activities in the homogenate were performed
according to the method described by Halliwell &
Gutteridge (1989). Total SOD (CuZnSOD + MnSOD)
activity was determined as the inhibition rate of auto-
catalytic adenocrome generation at 480 nm in a reac-
tion medium containing 1 mM epinephrine and 50 mM
glycine-NaOH (pH 10.5). Enzyme activity was ex-
pressed in units per mg protein. Catalase activity was
measured as the decrease in absorption at 240 nm in a
reaction medium containing 50 mM phosphate buffer
(pH 7.2) and 10 mM H2O2. Enzyme activity was ex-
pressed in pmol catalase per mg protein (Chance 1954).

Chemiluminescence, an indicator of lipid peroxi-
dation, was measured employing the hydroperoxide-
initiated chemiluminescence assay described by Bo-
veris et al. (1985) and Gonzalez-Flecha et al. (1991). In
brief, the homogenate was defrosted and 500 µl were
diluted in a buffer solution (120 mM KCl, 40 mM phos-
phates; pH 7.4) to give a final concentration of 1 mg
protein ml–1. The final volume was placed in a glass
vial previously kept in darkness, in order to avoid the
vial phosphorescence induced by the fluorescent light.
Tert-butyrate hydroperoxide (Sigma Co.) was added to
the diluted homogenate to give a final concentration of
3 mM. Chemiluminescence was measured employing
a β scintillator (LKB Rack Beta Liquid Scintillation
Spectrometer, Bromma, Sweden), for 40 min. All pro-
cedures were performed in darkness. Chemilumines-
cence was calculated considering the initial and maxi-
mal emissions, as well as the final volume and the
protein concentration of the reaction medium. Chemi-
luminescence was then expressed in counts per second
(cps) per mg protein.

All data are expressed as means ± SE. Data were
subjected to the Student’s t-test (α = 0.05).

In order to identify the parasite infecting Rhamdia
quelen, cysts from muscle of infected fish were isolated
and opened. The trematodes obtained were main-
tained in Petri dishes containing ice-cold NaCl 0.65%
for several hours to distend the parasite. Parasite fixa-
tion was performed by compressing it between slide
and cover glass immersed in Raillet-Henry’s solution.
The preparation was stained with Langeron’s carmine
chloride and mounted using Canada balsam.

Results. The parasite infecting the muscles of the
freshwater teleost Rhamdia quelen was identified as
being a metacercaria of the digenean Clinostomum
detruncatum (Fig. 1). During fish capture, it was ob-
served that parasite cysts are always located at the
base of fish pectoral and/or caudal fins.

Protein concentration and SOD and CAT activities
were similar in muscle homogenates of uninfected and
Clinostomum detruncatum infected fishes. However,
hydroperoxide-initiated chemiluminescence in the
muscle homogenate of infected fish was almost 2-fold
higher than that in uninfected ones (Table 1). Typical
chemiluminescence kinetics in muscle of infected and
uninfected Rhamdia quelen is shown in the Fig. 2.

Discussion. As far as we know, this is the first
attempt to demonstrate the effect of parasitism on the
oxidative status of fish. Taking into account that para-
sitism induced higher oxygen and energy consumption
in fish (Lemly & Esch 1984), an increased oxidative
metabolism and possibly oxidative stress would be
expected in Rhamdia quelen infected by Clinostomum
detruncatum.

With respect to the enzymatic antioxidant defenses,
SOD activity in muscle of uninfected Rhamdia quelen
was similar to that determined in muscle of other
teleost fishes (Fitzgerald 1992). Furthermore, when
SOD and CAT activities were compared to those mea-
sured in muscle of several other marine or freshwater
fish species, they agreed with the pattern described for
freshwater and marine species. In this case, SOD activ-
ity is lower in freshwater species than in marine ones,
and the opposite is observed for CAT activity (Wilhelm
Filho 1996). Finally, SOD and CAT activities in muscle
of R. quelen were, as expected, much lower than those
registered in several other tissues of freshwater and
marine fishes (Wilhelm Filho & Boveris 1993, Wilhelm
Filho et al. 1993, Bainy et al. 1996).

With respect to the effect of parasite infection on
SOD and CAT activities, no significant differences
were observed between activities measured in muscle
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Fig. 1. Metacercaria of Clinostomum detruncatum isolated 
from muscle of the freshwater teleost Rhamdia quelen

1 mm
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homogenates of Rhamdia quelen infected and un-
infected by Clinostomum detruncatum metacercaria.
This result could indicate that parasitism did not lead
to oxidative stress in the fish muscle. However, the
chemiluminescence observed in the muscle homo-
genate of infected fishes was almost 2-fold higher than
that measured in uninfected ones. It is important to
note that Tert-butyl hydroperoxide-initiated chemilu-
minescence indicates not only the extent of lipid per-
oxidation and membrane damage, but also the balance
between non-enzymatic antioxidants and pro-oxidants
(Halliwell & Gutteridge 1989, Gonzalez-Flecha et al.
1991). Thus, despite the fact that non-enzymatic anti-
oxidant supply was not analyzed, our results strongly
indicate that C. detruncatum infection reduces the
non-enzymatic antioxidant defenses with respect to
pro-oxidant production in the muscle of the freshwater
teleost R. quelen. This situation leads to oxidative
stress and consequently muscle damage via products
from lipid peroxidation. As observed in mammals
(Senok et al. 1998, Gharib et al. 1999), this increased

oxidative stress induced by the fish as an immune
response to parasite infection could be taking place in
order to induce oxidative damage to parasite mem-
branes.

Regarding the Clinostomum sp. life cycle, our results
suggest that there may be a partnership between the
parasite and piscivorous birds. Taking into account
that the C. detruncatum infection takes place at the
base of Rhamdia quelen fins and that this infection
induces muscle damage via lipid peroxidation prod-
ucts, piscivorous birds could be preying more easily on
infected fish. At the same time, the parasite would be
employing the bird to conclude its life cycle.
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Chemiluminescence
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Fig. 2. Typical kinetics of the Tert-butyl hydroperoxide-initi-
ated chemiluminescence in homogenized muscle of the fresh-
water teleost Rhamdia quelen infected and uninfected by 
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Erratum

A dual infection of infectious salmon anaemia (ISA) 
virus and a togavirus-like virus in ISA of Atlantic salmon 
Salmo salar in New Brunswick, Canada

F. S. B. Kibenge, S. K. Whyte, K. L. Hammell, D. Rainnie, M. T. Kibenge, C. K. Martin

Dis Aquat Org 42:11–15, 2000

It has been brought to the authors' attention that the
‘Materials and methods’ section, in the subsection 
‘RT-PCR’, should have the GenBank accession number
AF030878 for the togavirus-like virus cDNA clone

M107, and the primer sequences 5’-GTC TGA ACT
GGA CTC TTG ACG C-3’ (M107F1, sense) and 5’-
TGC AAG CGA ACC TGT AGA CG-3’ (M107R1, anti-
sense) for the togavirus-like virus-specific primer pair.
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