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Antioxidant defences role during post
anoxic recovery in bivalve mollusc Scapharca
inaequivalvis
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Abstract

Euryoxic organisms are able to withstand hypoxic
conditions until the restoration of normal O,
levels, when the re-introduction of oxygen causes
a decisive burst in reactive oxygen species (ROS).
The consequent oxidative damage is countered
by defence systems constituted by antioxidant
enzymes, such as SOD, CAT, Se-GPx and
G6PDH. Specimens of Scapharca inaequivalvis
were exposed to anoxia for 3, 6 and 24 hours
and subsequent reoxygenation for I, 3, 5 and

24 hours. It has been investigated SOD, CAT,
Se-GPx and G6PDH activity and MnSOD and
CuZnSOD expression in the digestive gland. The
results showed SODs activity to be high during
both anoxia and reoxygenation. CAT and Se-GPx
increase significantly overall during recovery.
Only CuZnSOD expression was greater after 6
and 24 hours of anoxia. The presence of high
levels of antioxidant enzymes during anoxia
suggests that the response of S. inaequivalvis

is typical of euryoxic animals and represents an
interesting model for studying the processes of
ischaemialreperfusion in mammals.

Introduction

Invertebrates and the lesser-developed vertebrates have
developed a good tolerance of anoxia and ischaemic
episodes that allows them to survive [1], by lowering their
basal metabolic rate and using their glycogen reserves

[2]. Mammals, on the contrary, have a limited tolerance

to low oxygen levels and are less able to withstand the
oxidative burst caused by reactive oxygen species (ROS),
characteristic of reoxygenation. Reoxygenation triggers
lipid peroxidation, protein oxidation [3],an increase in Ca**
responsible for converting xanthine dehydrogenase (XDH)
into xanthine oxidase (XOD) [4].

The extent of the biological damage caused by the
oxyradicals depends on the efficacy of the antioxidant
defences [5] such as superoxide dismutase and its
manganese and copper-zinc isoforms (Mn/CuZnSOD),
which dismutes O, into H,0, and O,; catalase (CAT)
which dismutes H,O, into water and oxygen; glutathione
peroxidase (Se-GPx) which reduces H,O, to water

using reduced glutathione (GSH) as a substrate, glucose
6 phosphate dehydrogenase (G6PDH) which helps to
maintain the activity of Se-GPx [6].

In this study, specimens of Scapharca inaequivalvis (a
euryoxic mollusc of the Adriatic Sea) [7], underwent anoxia
and subsequent reoxygenation to evaluate the alterations
of the main antioxidant systems mentioned above.

Materials and methods
Experimental procedure

Specimens of Scapharca inaequivalvis (Mollusca, Bivalvia)
from the north Adriatic, kept in tanks containing sea water
(salinity: 28%., temperature: 9.010.5°C, 14 days).

The animals were kept in conditions of anoxia for 3, 6 and
24 hours and then reoxygenated for 1,3, 5 and 24 hours.
The controls were taken from the normoxic tanks.

The water was deoxygenated using a continuous flow

of gaseous nitrogen until a percentage of about 10% of
oxygen was obtained. The tests were conducted in pooled
digestive glands (3 pools of 7 animals for each condition).

Extraction

Digestive gland subcellular fractions were prepared
essentially as described in Livingstone [8].All procedures
were carried out at 4 °C. Frozen pooled digestive gland
was homogenized with an Ultraturrax homogenizer in
1:4 (w/v) homogenization buffer (20mM Tris—HCI pH 7.6,
0.5M sucrose, 0.15M KCI, 1mM EDTA).The homogenate
and resulting supernatants were progressively centrifuged
at 500g for 30 min, 12,000g for 45 min and 100,000g

for 90 min to obtain the different cellular fractions.The
mitochondrial and cytosolic fractions were combined
together in the same ratio as in the original homogenate
and used for enzymes activity (U/g wet/weight) and
expression determinations (arbitrary units).
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Antioxidant enzymes determination

SOD activity was measured at 550 nm and determined
with the xanthine oxidase—cytochrome ¢ method according
to Crapo et al. [9]. The CuZn-containing form of SOD was
assayed by the inhibitory effect of KCN on SOD activity
[10].

CAT activity was measured by decreasing H,O,
concentration at 240 nm [11]. Decays in absorbance were
recorded in 50mM sodium phosphate buffer (pH 7.0)
containing 20mM H,O, and the enzyme sample.

Se-GPx activity was evaluated according to Paglia and
Valentine [12] at 340 nm. Se-GPx activity was monitored
through NADPH absorbance diminution using H,0O,.
Activity was calculated from the difference between the
presence and absence of the sample.

G6PDH activity was assayed using the modified method
of Léhr and Waller [13] by spectrophotometrically
monitoring of the variation in NADP* absorbance at 340
nm using glucose 6 phosphate (G6P).

Protein content determination

Total soluble protein concentration was measured
according to Lowry et al. [14] by a Bio-Rad DC Protein
Assay kit using a spectrophotometrical method (750 nm),
with microassay procedure and bovine serum albumin as
the standard.Values reported as mg protein/m| were used
to normalize enzyme expression.

Immunological assay

Sodium dodecy! sulphate-polyacrylamide gel electrophoresis
(SDS-FAGE) of different subcellular fractions, was performed
in an Invitrogen Xcell SureLock Mini-Cell. Samples were added
with LDS (lithium dodecyl sulphate) buffer and reducing agent
(0.5M dithiothreitol) and heated for 10 min at 70°C.Aliquots
of partially purified MnSOD (obtained by gel chromatography
using a Sephadex G-75 column, 1x90 cm) from the

bivalve mollusc S. inaequivalvis,and CuZnSOD from bovine
erythrocytes, were loaded in the gels as standards to identify
the two SOD isoforms. Samples were loaded with a protein
content range of 10 to 15 pg After electrophoresis, proteins
were transferred for 1 h to polyvinylidene difluoride (PVDF)
membranes in an Invitrogen Xcell SureLock Blot Modul. PVDF
membranes were treated with specific chromogenic western
blot immunodetection kits. Blots were blocked for 45 min and
incubated with the diluted primary specific antibody for 1 h:
rabbit polyclonal anti-CuZnSOD and anti-MnSOD diluited 1:
10,000 and 1:7,000, respectively, were used.

Membranes were then incubated with alkaline
phosphatase-conjugated anti-rabbit IgG for 45 min
(secondary antibody). Inmunopositive bands obtained after
incubation with chromogenic solution (BCIP/NBT) were
semi-quantified by Quantity One Software (Bio-Rad).

Statistical analysis

Descriptive statistics (means and standard deviations) were
performed on all considered parameters. All data were

checked for normal distribution before statistical analysis.
Results were statistically analyzed using one-way analysis of
variance (ANOVA), followed by T test and Bonferroni test,
using STAT Statistical Package Software; values of p<0.05
were considered significantly different.

Results
Antioxidant enzymes

During the anoxic phase, total SOD activity (Fig. 1) increases
after 6 hours (significantly different than to 3,24 hours of
anoxia, p<0.01). In reoxygenation, a significant increase in SOD
activity was registered after 24 hours respect to almost all
conditions except recovery (Rec) 1h (p<0.01).
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Figure |. SOD and CAT activities (Ulg ww) in digestive gland during anoxia
(Ana) and recovery (Rec); (n=3-5 % d.s). Same letters at the top of the bars
indicate significant differences: a-g=p<0.01; SOD: *condition significantly
different from other; p<0.01, except Rec Ih. § CAT: condition significantly
different from other, p<0.01.
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Figure 2. MnSOD activity in digestive gland during anoxia (Ana) and
recovery (Rec); (n=3-5 + d.s). Same letters at the top of the bars indicate
significant differences: a-c=p<0.01.
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Figure 3. CuZnSOD activity in digestive gland during anoxia (Ana) and recovery
(Rec); (n=3-5 * d.s). *Condition significantly different from other; p<0.01. §
Condition significantly different from other, p<0.0/.
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Generally, no significant variations in MnSOD activity
were observed (Fig. 2) between TO, anoxia (Ana) and Rec.
CuZnSOD activity (Fig. 3) increases considerably after 3
hours of anoxia respect to T0; during recovery it increases
considerably after 1 hour of reoxygenation respect to TO
and Ana before dropping again after 3h without any other
variations (p<0.01).
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Figure 4. G6PDH and Se-GPx activities in digestive gland during anoxia
(Ana) and recovery (Rec); (n=3-5 & d.s). Same letters at the top of the
bars indicate significant differences: a-n=p<0.01. *Condition significantly
different from other; p<0.01.
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Figure 5. CuZnSOD expression in digestive gland during anoxia (Ana) and
recovery (Rec). Densitometric analysis of blot expressed in arbitrary units
(n=3 £ dss). *Condition significantly different from other; p<0.01, except
Rec 3h. In set: Representative immunopositive bands of the corresponding
bar are shown above.

CAT activity (Fig. 1) increases after 3 hours of anoxia
(p<0.01 in relation to TO) and 24h (p<0.01 respect to T0);
in the recovery phases, activity increases considerably after
3 hours (p<0.01 in relation to the previous conditions),
before dropping after 5 and 24 hours of recovery (p<0.01
respect to TO) but still remaining higher then TO (p<0.01).
Se-GPx activity (Fig. 4) increases in relation to time zero
after 3 and 6 hours of anoxia (p<0.01). After 24 hours

of anoxia, a reduction in activity (p<0.01) is observed as
significant in relation to 3 and 6 hours of anoxia. Activity
increases after 1 hour of reoxygenation (p<0.01 in relation
to TO,Ana 3h and Ana 24h), before dropping significantly
after 3 and 5 hours of recovery respect to Rec 1h
(p<0.01). Lastly, there is a rise after 24 hours of recovery
significant respect all conditions (p<0.01).

G6PDH activity rises (Fig. 4) after 3 and 6 hours of anoxia
in relation to TO, then drops after Ana 24h respect to Ana

6h (p<0.01). During all recovery period, no significant
differences were recorded.

Immunological assay

CuZnSOD expression (Fig. 5) shows well-separated
immunoreactive bands because of the enzyme’s monomeric
form (apparent molecular weight 16 kDa). Band analysis
reveals an increase after Ana 6h and Ana 24h respect to TO
(p<0.01), followed by a gradual drop in expression for the
whole recovery period (p<0.01 respect to TO except for
Rec 3h).

MnSOD shows a first band with an apparent weight of
about 26 kDa and a second very weak band, with a weight
of about 46 kDa after 1,6 and 12 hours of recovery.The
enzyme appear to be equally expressed in all samples,
without any differences between anoxic conditions and
recovery (data not shown).

Discussion

Antioxidant enzymes

In S. inaequivalvis, the trends for the two SOD isoforms
activity remain tendentially high in anoxic conditions: this is
probably due to the existence of different mechanisms such
as a gene component, as well as modulators with positive
and/or negative actions.

It is likely that maintaining high SOD levels during the
anoxic phase allows a rapid neutralisation of superoxide,
with a consequent increase in H,O,, which would explain
the early drop in the enzyme’s activity as well as the
consistent increase in CAT for most of the recovery
period.

The trend for G6PDH and Se-GPx activity is almost similar,
which is probably related to the biochemical synergism of
the 2 enzymes, due to the production of NADPH from the
pentose pathway.The increase in G6PDH activity probably
stabilises CAT since it is needed to maintain the enzyme’s
structural integrity [15]. CAT activity tends to rise during
the early phases of anoxia, probably on account of the

high activity of SOD, which continues to produce H,O,.

In similar studies, in conditions of anoxia, an increase was
observed in catalase activity in the liver of the fish Carassius
auratus [2] and a drop was observed in Trachemys scripta
elegans [16] and in Littorina littorea [17].

In S. ingequivalvis, throughout the entire recovery period,
CAT and Se-Gpx show an opposite trend, probably
because they compete for the same substrate. The increase
in Se-GPx (significant peak at 24 hours of reoxygenation)
would suggest high levels of H,O, as well as elevated
G6PDH activity; high levels of these enzymes presuppose
the existence of lipid perioxidation phenomena.

In S. inaequivalvis the activity of all the enzymes studied

was constantly higher than in the normal oxygen controls,
associated with a clear increase in Se-GPx after 24 hours
of normal oxygen conditions, which may be related to
GSH’s capacity as a potent antioxidant.
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During recovery, the massive introduction of oxygen

is thought to cause higher production of the radicals
responsible for the increase in antioxidant defences,
especially during the early hours, before settling at constant
levels, Similar results were reported in Carassius auratus
[2]. In addition to metabolic depression, the maintenance
of high constituent levels of antioxidant enzymes even
during anoxia would guarantee a better resistance to
the overproduction of ROS that accompanies the early
phases of reoxygenation, as a preparatory event able to
compensate episodes of oxidative stress [2, 18].

Immunoblotting

SOD is constitutively expressed in most organisms in
which it appears to be highly preserved and it is considered
to be essential due to the control role it exercises on the
cell [19].The CuZnSOD in eukaryotes is a dimeric protein
constituted by two identical subunits weighing 16 kDa [20].
MnSOD on the other hand, is a tetrameric protein formed
by four identical subunits weighing 24 kDa [20].

Although CuZnSOD is expressed constitutively, its mMRNA
levels may alter dramatically in response to physical,
chemical, biological and mechanical messengers [21] and
hypoxia is one of the main stimuli that cause it to drop
[22]. On the contrary, in our study the expression of the
enzyme rose: the absence of O, does not appear to have
an inhibitory effect on the enzyme, except after 3 hour of

~ anoxia. This could be due to the more efficient mechanisms

of adaptation in $. inaequivalvis in order to survive the
oxygen changes typical of the intertidal zone (our data not
published).

MnSOD is expressed in many types of cell and tissues

at relatively high levels and in the same way it is greatly
regulated by a number of intracellular and environmental
stimuli [21].A number of studies have reported MnSOD
overexpression as a mechanism that protects against
ischaemic/reperfusion damage [23], whereas it would
appear that a reduction contributes to damaging the tissues
involved. However, no significant variations were observed
in this study. During the experiment, the variations in
activity in both SOD isoforms show a certain inconsistency
with expression.This can be attributed to the changes and/
or associations with other proteins that these enzymes
undergo in the active form [24]. In this sense, Hermes-Lima
et al. [18] suggest transcriptional, translational and post-
translational regulations may be one of the main causes

of the increase in antioxidant enzymes in the adaptation

~ mechanisms employed when oxygen is lacking,
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Resistance to anoxia‘hypoxia is usually related to the
environment in which the animal lives and can be
encountered in animals that have evolved in environments
characterised by significant fluctuations in oxygen and that
do not appear to have suffered consequences regarding
their ability to recover once normal oxygen conditions
have been reinstated [7]. These adaptations are thought to
derive mainly from the activation of anaerobic metabolism
with metabolic arrest and maintenance of the cell’s

redox balance. Conversely, in mammals, anoxia caused by
ischaemia, causes consumption and non-production of ATP,

with the intracellular degeneration that appears with the
reintroduction of O, into the ischemic tissue.

The study of the different and greater tolerance of euryoxic
invertebrates to oxygen lack than stenoxic species (most
vertebrates) could be useful to research on postischemic
damage and to understanding the problems connected with
ischaemia and subsequent reperfusion in humans.
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