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ABSTRACT 
 
Investigations were carried out to evaluate the antioxidant defenses in digestive gland of mussels Perna perna held 
in  air for 4 hours, exposed to air for 4 hours followed by submersion in water for 30 minutes, and constantly 
submerged for 4.5 hours. No differences were observed in CAT and GPx activities and in the levels of total GSH. 
Mussels exposed to air had significantly higher SOD activity, possibly related to a preparative mechanism of 
defense against  oxidative stress during reoxygenation. 
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INTRODUCTION 
 
The intertidal zone is a rigorous environment for 
sessile animal life. To survive in this environment, 
animals must be able to endure periodic changes in 
oxygen and water availability, salinity, and 
temperature (Storey and Churchill, 1995). Oxygen 
limitation can arise in several ways including 
valve closure at low tide, burrowing into oxygen-
depleted substrate or, especially for mussels, 
exposure to difficult environmental conditions that 
reduce seawater oxygen levels or stimulate 
prolonged periods of valve closure (e.g. high salt 
levels, toxin and pollutants, predator attack; 
Greenway and Storey, 1999). Under anoxic 
conditions, ATP is degraded to AMP and 
subsequently to hypoxanthine. Upon 
reoxygenation, hypoxanthine and xanthine are 
oxidized generating reactive oxygen species (ROS; 
Jones, 1986). Toxic effects caused by ROS are 
many and varied, including lipid peroxidation, 

nucleic acid damage, protein degradation and 
enzyme inactivation (Winston et al., 1990). 
The extent of biological damage  caused by ROS 
is ameliorated by specific antioxidant enzymes, 
such as catalase (CAT), superoxide dismutase 
(SOD), and glutathione peroxidase (GPx), which 
uses the tripeptide glutathione (GSH) as an 
electron donor to reduce peroxides (Hebbel, 1986; 
Sies, 1993). 
There is little information about the response of 
such antioxidant defense systems in the brown 
mussel Perna perna to air exposure. In this work, 
we analyzed the activity of the antioxidant 
enzymes SOD, CAT and GPx, as well as the levels 
of total GSH in digestive glands of mussels P. 
perna exposed to air during 4 hours, exposed to air 
for 4 hours then re-submersed for 30 min and in a 
control group, which was kept constantly 
immersed in seawater during whole experiment 
period. 
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MATERIAL AND METHODS 
 
Mussels P. perna of similar length (6 - 7 cm) were 
collected in July 1997 at Joaquina beach 
(Florianópolis, SC, Brazil) and separated into three 
groups of eight organisms that were 
simultaneously exposed to different conditions. At 
the same site, Group 1 was kept immersed in 
seawater for 4.5 hours. Group 2 was exposed to air 
for 4 hours and Group 3 was exposed to air for 4 
hours and re-submerged in seawater for 30 
minutes. Water temperature during the experiment 
was 16oC.  
After this treatment, the mussels were killed and 
their digestive gland were excised and frozen in 
liquid nitrogen. The tissues were weighed and 
homogenized with 5 ml/g of buffer (Tris HCl 50 
mM, 0.15 M KCl, pH 7.4), and centrifuged at 
10,000g for 20min at 4oC. The supernatant fraction 
was centrifuged at 40,000g for 60min at 4oC. The 
supernatant  was used to analyze the activity of 
SOD, CAT and GPx. 
SOD activity was evaluated by the inhibition of 
reduction of cytochrome c in the presence of 
hypoxanthine/xanthine oxidase O2

-. generating 
system at 550nm (McCord and Fridovich, 1969). 
One unit of SOD is defined as the amount of 
enzyme that promotes a 50% inhibition of the 
cytochrome c reduction at pH 7.8 and 25 oC. CAT 
activity was quantified at 240 nm by the H2O2 
decomposition according to the method of Beutler 
(1975). GPx activity was assayed by the oxidation 
of NADPH (linked to GSSG reduction by excess 
glutathione reductase) at 340 nm, according to 
Sies et al. (1979). The total protein content was 
determined by method of modified Lowry, using 
bovine albumin as standard (Peterson, 1977). 
Pieces of digestive gland were homogenized in 10 
ml/g perchloric acid 0.5 M and centrifuged for 2 
min at 15,500g at room temperature. After 
centrifugation, the supernatant fraction was 
neutralized with K3PO4 and total GSH was 
determined in this fraction by continuous 
reduction of 5,5'-dithiobis, 2-nitrobenzoic acid 
(DTNB) in the presence of oxized glutathione 
(GSSG), glutathione reductase (GR) and NADPH, 
at 412nm according to method described by Tietze 
(1969). 
Data were statistically compared using One-Way 
Analysis of Variance, followed by Student 
Newman-Keuls test, using the software Statistica 
for Windows (Zar, 1984). 

RESULTS AND DISCUSSION 
 
Mussels experience changes in the levels of 
available oxygen associated with tidal cycle. 
Complex biochemical and physiological 
mechanisms enable this organism to survive under 
these extreme conditions and to recover from 
hypoxia resulting from exposure at low tide (de 
Zwaan and Wijsman, 1976; Shick et al., 1986; 
Zange et al., 1989).  On the other hand, behavioral 
mechanisms, such as shell gapping, may also 
enhance survival at low tides, where small shell 
movements can assist both in the maintenance of 
aerobic metabolism (Kennedy, 1976; Widdows et 
al., 1979; Guderley et al., 1994) and the removal 
of anaerobic waste products (Demers and 
Guderley, 1994).  
One strategy commonly used by intertidal bivalves 
during tidal exposure is a reduction in oxygen 
consumption. Some bivalves, including Mytilus 
edulis, Mytilus galloprovincialis (Widdows et al., 
1979), Choromytilus meridionalis (Griffiths and 
Buffestein, 1981) and Perna canaliculus (Marsden 
and Weatherhead, 1998) show reductions of up to 
80% in their oxygen uptake under these 
conditions. Willson and Burnett (2000) observed 
that the oxygen uptake of the oyster Crassostrea 
virginica exposed to air was less than 0.1% of 
their oxygen uptake in well-aerated seawater. We 
could also expect a concomitant reduction in 
antioxidant enzymes of the mussels, since the 
production of ROS would probably be reduced 
during periods of low tissue oxygenation.  
However, in the present study, we observed that 
the activity of the antioxidant enzymes CAT and 
GPx as well as the levels of total GSH of the three 
different groups of mussels were similar (Figure1), 
even when mussels were exposed to air for 4 
hours. Conversely, mussels exposed to air 
exhibited higher SOD activity.   
Hermes-Lima et al. (1998) observed an increase in 
the antioxidant defenses during land snail 
estivation, suggesting that this response was a 
preparative mechanism against oxidative stress 
during arousal. Thus, a wide range of stress 
tolerant animals would display coordinated 
changes in antioxidant defenses that allow them to 
deal  with  oxidative stress that occurs as part of 
natural cycles of stress/recovery that alter oxygen 
levels in tissues.  
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Figure 1 - Activities of SOD, CAT, GPx, and levels of Total GSH in digestive gland of mussels 

submersed in seawater for 4.5 hours (1), exposed to air for 4 hours (2), and exposed to air 
for 4 hours followed by re-submersion in seawater for 30 minutes. *indicates statistical 
differences (p<0.05) between group 1 and 2. N=7 for groups 1 and 3, and n=8 for group 2. 

 
 
Moreover, it has been shown that in several 
euryoxic bivalve molluscs there is only xanthine 
dehydrogenase and no xanthine oxidase activity 
(Dykens and Shick, 1988; Cancio and Cajaraville, 
1997; Cancio and Cajaraville, 1999). This was 
interpreted as a mechanism to avoid the harmful 
effects of ROS that would be produced by 

xanthine oxidase during periods following anoxic 
conditions at low tides. Xanthine dehydrogenase 
can also produce superoxide anion radical, 
although only 10-25% of the amount that xanthine 
oxidase produces (Kooij et al., 1994; Sanders et 
al., 1997). 
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The increase in antioxidant defense enzymes seen 
in our study could thus be an adaptation to the 
high levels of ROS that are produced during the 
submersion period of the tidal cycle. However, the 
molecular mechanisms that trigger and regulate 
changes in antioxidant enzyme activities are still 
unknown and remain to be clarified. 
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RESUMO 
 
Mexilhões são periodicamente submetidos a 
condições de hipóxia seguido de normóxia, como 
resultado das oscilações nos níveis de maré. Tais 
condições podem causar um aumento na produção 
de espécies reativas de oxigenio (EROs) nos 
tecidos, devido a um aumento no fluxo de 
oxigênio e de equivalentes redutores. Para proteger 
as células contra as EROs, os organismos possuem 
enzimas antioxidantes tais como a superóxido 
dismutase (SOD), catalase (CAT) e glutationa 
peroxidase (GPx), assim como o tripeptídeo 
glutationa (GSH). Neste trabalho, estas defesas 
antioxidantes foram avaliadas em glândulas 
digestivas de mexilhões Perna perna expostos ao 
ar por 4 horas seguido de re-submersão em água 
do mar por 30 minutos e constantemente 
submersos por 4,5 horas. Nenhuma diferença foi 
observada nas atividades da CAT e GPx, assim 
como nos níveis de GSH total. Mexilhões expostos 
ao ar tiveram atividade da SOD significativamente 
maior, possivelmente relacionado a um 
mecanismo de defesa preparativo contra o estresse 
oxidativo durante a reoxigenação. 
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