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ABSTRACT

The physiological conditions of mussels from Ubatuba and Santos and also of organisms transplanted from
Ubatuba to Santos were studied by using different techniques. Assays for lysosomal stability were conducted on the
haemolymph. Heart rate activity was monitored for 6h. The embryonic development of larvae obtained from the
collected mussels was analysed. For all the compared groups of mussels, no significant differences were observed
for the cardiac activity monitoring and the embryonic bioassays. The mean Neutral Red (NR) retention time was
similar for the animals from Santos and Ubatuba, whereas the organisms transplanted to Santos showed a reduction
in the retention time of the dye, indicating damage in the lysosomal membranes. These differences were possibly due
to environmental factors, but further investigations are required to confirm this hypothesis.
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INTRODUCTION

Since the 1970’s, marine ecotoxicology has
evolved from classical approaches, such as
lethality assays (Reish, 1987), to the development
of biochemical and physiological assays, adapted
from human toxicology (Fossi et al., 2000). These
new tools have been used for assessing early
alterations due to contaminants, before irreversible
effects or death occurs, therefore providing much
more effective protection to the ecosystems (Payne
et al., 1996). These early biological responses to

environmental chemicals are typically termed
biomarkers.
Biomarkers have the advantage of being rapid,
easy, highly sensitive and inexpensive. Techniques
are available for evaluating stress at different
levels of biological organization, from nuclear to
whole individual level, including DNA stabili ty,
changes in enzymatic activity, modification of
cells/tissues properties and other physiological
alterations (Wells et al., 1998). Multi-level studies
can produce more reliable information on the
conditions of the studied organisms and provide
the data necessary for the understanding of the
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mode of action of pollutants, as well as the
mechanistic comprehension of the processes
related to intoxication and detoxication, which is
especially desirable when assessing the early signs
of stress.
In Brazil, the use of biomarkers in environmental
evaluations is recent (Bainy et al., 2000). Few
laboratories have the appropriate equipment and
trained staff to perform such assays. More
importantly, the protocols need to be adapted to
species native to Brazil .
The brown mussel Perna perna (Bivalvia,
Mytili dae) is native to the Brazil ian Coast, also
occuring in Venezuela, Uruguay, Argentina and
South Africa (Rios, 1984). It is found on rocky
shores of Southeast Brazil , forming dense natural
colonies at the inter- and sub-tidal zones, and has
economic importance, representing as a protein
source as a significant source of income for
economically disadvantaged coastal populations.
Moreover, mussel farms are quickly spreading
along the Brazilian coast, constituting an
additional economic activity for many coastal
cities. As a suspension feeder, P. perna may
accumulate chemical compounds in its tissues. In
Brazil , it has been used in studies regarding effects
of xenobiotics at the biochemical (Bainy et al.,
2000) and cellular levels (Zaroni et al., 2001), and
also in bioaccumulation studies (Ferreira et al.,
2000).
Recently, within the project “Early Warning,
Chemical and Biological Markers of Pollution in
Coastal Waters” , a collaboration agreement was
established between the University of Plymouth
and the Oceanographic Institute of the University
of São Paulo, in which some newly validated
techniques for the cardiac activity assessment -
CAPMON (Depledge and Andersen, 1990) and the
Neutral Red retention assay (Moore, 1990) were
introduced in Brazil , together with the necessary
equipment and training.
In most macroinvertebrates, there is a close,
positive relationship between aerobic metabolic
rate and cardiac activity (Depledge and
Lundebeye, 1996). Thus, the measurement of heart
rate and the regularity of beating provide a useful
means of estimating physiological integrity. The
CAPMON system (Depledge and Andersen, 1990)
uses small infrared emitters/detectors applied to
the external surface of the shells of the test
animals. Infrared light is continuously emitted and
the amount of light reflected back to the detectors
varies according to the heart’s cycle of action,

allowing thus the heart rate to be monitored. The
detectors are interfaced with a PC, and by using
appropriate software, the cardiac activity can be
recorded and monitored for long periods of time.
Lysosomes are recognized target sites for most
environmental contaminants, which can cause
destabilization of the lysosomal membrane. The
Neutral Red retention time assay evaluates the
lysosomal membrane integrity, which can be used
as an indicator of exposure to xenobiotics (Moore,
1990; Lowe et al., 1995; Cheung et al., 1997;
Zaroni et al., 2001). It involves exposing cells to a
coloured dye, which is taken up by the lysosomes.
Healthy cells retain the dye for more time than
damaged cells, in which the dye rapidly leaks out
into the cytoplasm.
In addition to these previously mentioned
methods, the success of embryonic development
has been used in studies of the effects of
xenobiotics on marine biota (Wedderburn et al.,
2000; Zaroni et al., 2001) to the connective level
(Dame, 1996). The larval viability may reflect the
conditions of parental organisms exposed to in situ
contaminants. Affected adult mussels show
decrease in their offspring production, as observed
by the reduction in the percent of well developed
larvae in laboratory conditions after spawning
induction.
In this study, these three methods, and their
necessary adaptations, were used to compare the
physiological conditions of two populations of P.
perna from the State of São Paulo.

MATERIALS AND METHODS

Collection sites
The mussels were collected at rocky reefs
situated at two sites along the State of São Paulo:
Ponta Grossa and Palmas Island (Fig. 1). The
collection sites differ essentially in two factors:
proximity to contamination sources and influence
of estuarine waters.
Ponta Grossa is situated on the North Shore of the
state, in Ubatuba, a small city with a tourism-
based economy. Except for its central area, which
is urbanized, Ubatuba presents a very scattered
human occupation, composed mostly of seasonally
occupied houses. The Ponta Grossa collection site
is considered relatively free of influence from
human activities, and mussels collected from this
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area were already considered healthy (Zaroni
et al., 2001).
Palmas Island is located inside Santos Bay, on the
central shore of São Paulo. The bay is part of the
Santos Estuarine System (SES), an industrialized
and urbanized region with some contaminated
areas (Tommasi, 1979; Lamparell i et al., 2001;
Abessa, 2002). Geographically, SES is divided in
the estuaries of Santos and São Vicente and the
Santos Bay. Sediments and organisms from both
estuaries are contaminated by metals, PAHs and
pesticides (Tommasi, 1979; Bonetti, 2000;
Medeiros, 2000; Lamparell i et al., 2001; Abessa,
2002), as by industrial effluents as by domestic
and other residues. The waters and sediments from
the Santos Bay present low levels of
contamination for the several chemicals
(Lamparelli et al., 2001; Abessa, 2002). However,
the influence of freshwater from the Estuary of
Santos can also constitute a stressing factor for the
mussels from Palmas Island.

Neutral Red retention assay
For this experiment, organisms were analysed
immediately after collection and the assays were
conducted at 25 ± 2 ºC. The physiological saline
and NR stock solutions were prepared prior to the
beginning of the assay, following the protocol

described by Moore (1990). Initiall y, 0.2-ml
haemolymph from each mussel was collected from
its posterior adductor muscle syringes containing
0.2-ml physiological saline solution and
transferred to an Eppendorf tube. Immediately, 40-
µl haemocyte cells solution was pipetted and
dropped onto a glass slide. The slides were placed
into a dark and humid chamber and incubated for
15 min. During this interval, the NR working
solution was prepared by the dilution of 10-µl
stock solution with 5-ml physiological saline
solution. After incubation, 40-ul NR working
solution were dropped onto each slide. At the end
of 15 min, the slides were quickly examined by
microscopy. The cells were observed for structural
abnormalities and for the retention time of the NR
dye. The slides were observed at 15 min intervals,
until the cells were considered affected. In each
examination, the cell conditions were analysed and
recorded in a table. A mean NR retention time was
calculated for each group, and the means were
compared by analysis of variance (ANOVA)
followed by a Tukey’s multiple comparison (Zar,
1984). Also, the percent of organisms showing
effects at each reading time was calculated, aiming
to compare the response behaviour.

Figure 1 - Central and North coast of São Paulo, showing the mussel collection sites in Santos and Ubatuba.
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Cardiac activity monitor ing system
Eight animals from each group were used. The
sensors were attached in the appropriate position
and then the mussels were transferred to 10-l
aquaria in groups of 4 animals. They were
acclimatised for 6h in the dark, at 25 ± 2 ºC, and
then the cardiac activity was recorded. The
experiments lasted 6h. During this period the
animals were not disturbed. The heartbeat average
for each animal was calculated, and for each group
of mussels the mean heartbeat and its standard
deviation were estimated. Then, the means were
compared by ANOVA followed by Tukey’s
multiple comparison.

Embryonic development assay
About 50 adult individuals were collected and
their spawning was induced by thermal
stimulation, according to the protocol
recommended by ASTM (1992) for mussels, with
minor adaptations for P. perna (Zaroni, 2000). The
gametes from males and females were collected
separately and transferred to glass beakers. The
fertilisation was attained by adding 2ml of sperm
solution to the ovules solution. Fertilised eggs
were transferred to glass tubes containing clean,
filtered seawater. Five replicates were used for
each group. After 48 hours, the assay was finished
and the first 100 larvae from each replicate were

counted. Larvae developed to D-phase were
considered normal, whereas those presenting delay
and/or morphological anomalies in their
development were considered abnormal. The
normal development means obtained for each
group were compared by analysis of variance
(ANOVA) followed by Tukey’s multiple
comparison.

Exper imental Design
Initiall y, this study was designed to assess the
conditions of mussels from the two study sites, and
also to observe physiological modifications
occurring as a consequence of transplanting
organisms from Ponta Grossa to Palmas Island
and vice-versa.
Two months prior to the beginning of the
experiment, about 60 mussels were collected from
natural populations in each site, placed into steel
cages and immediately transplanted to the other
site. In Palmas, the cages were attached to a pier,
while in Ponta Grossa they were fasten to a cable
with anchors and a buoy. After 60 days exposure
in the different environments, cages were to be
recovered and the mussels analysed. However, due
to successive storms, the cages from Ponta Grossa
were lost, and only the cages from Palmas could
be recovered. Therefore, the mussels transplanted
to Ubatuba could not be assayed.

NR retention assay
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Figure 2 - Mean NR retention times observed for each group of studied mussels.
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Figure 4 - Mean heartbeat rate of P. perna, kept in clean water and at 25 °C, after 6 hours recording.
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Embryonic development assay
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Figure 5 - Normal embryonic development (D-Larvae) of P. perna after 48h.

RESULT S

There was not any difference in the neutral red
retention time between the mussels from Santos
and Ubatuba, whereas the organisms transplanted
to Santos showed a significantly lower retention
time, which was estimated at 20.25 min (Fig. 2).
Despite the absence of statistical differences,
animals from Santos showed a faster response than
the organisms from Ubatuba, which could be
observed in the measurements made at 15 and 30
min exposure (Fig. 3).
There were no differences in the results of cardiac
activity (Fig. 4). The heartbeat rate of the mussels
from the three groups tested was similar, ranging
from 29.30 to 32.89 beats/min.
The embryonic development was similar for the
three tested groups of organisms, ranging from 68
to 76 % (Fig. 5). According to Bayne (1976), the
normal embryonic development percent for mussel
ranges between 70 and 100 %.

DISCUSSION

For comparisons of the health conditions between
field-collected organisms, the evaluation of
different levels of organisation may provide a

more comprehensive understanding of the actual
status of the studied organisms.
The cardiac monitoring method is an approach that
was designed to show evidences of physiological
stress in the studied animals. The heartbeat means
observed for the organisms from Santos and
Ubatuba and also for the mussels transplanted to
Santos were very similar. A similar result was
obtained for the embryonic development assay,
where no differences were observed. The absence
of differences can be interpreted as: 1- the
organisms were exposed to similar conditions; or
2- in case of different conditions (contamination
and/or environmental factors), the stress was not
strong enough to cause physiological responses.
Physical-chemical studies of water from both sites
show clearly that Santos and Ubatuba constitute
different environments (Tab. 1), mainly due to
differences in the estuarine waters influence
(FUNDESPA, 1999; Frazão, 2001; Abessa, 2002;
Azevedo, 2002; Moser, 2002). Thus, the results
from the two methods mentioned above suggested
that the organisms from both sites are not exposed
to stressing conditions.
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Table 1 - Physical, chemical and biological characteristics of the water at the collection sites (NA = not analysed).
Var iable Ubatuba Santos

Salinity (‰) 33 - 361 28 - 352, 3

pH 6,9 - 8,71 7,9 - 8,42, 3

Temperature (°C) 21 - 281 20 - 272, 3

Dissolved Oxygen (mg/l) 5,0 - 8,21 5,5 - 8,12, 3

PO4 (µMol) 0,34 - 0,544 0,26 - 13,55

NH3-NH4 (µMol) 0,26 - 1,094 0,58 - 33,555

NO2 (µMol) 0,14 - 0,394 0,2 - 4,625

NO3 (µMol) 0,10 - 0,424 0,6 - 31,065

Chlorophil a (mg/m3) 0,64 - 1,284 7,3 - 97,375

Fecal Coliforms (NMP) NA 100 - 5006

Classification Oligotrophic7 Eutrophic7

1- IOUSP, unpublished data; 2- UNISANTA, unpublished data; 3- Abessa, 2002; 4- Azevedo, 2002; 5- Moser, 2002; 6-
FUNDESPA, 1999; 7- Frazão, 2001)

The use of a technique concerned with a lower
level of organisation, such as the NR retention
assay, provided complementary information to the
understanding of the conditions of the animals at
each site. The mean retention time observed for
populations of Santos and Ubatuba were similar,
but the transplanted mussels presented a
significantly lower retention time.
It was demonstrated that environmental stressors
such as higher temperatures or hyposalinity can
induce lysosomal membrane destabilisation
(Nicholson, 2001). Once only the transplanted
organisms showed evidences of stress, the results
initiall y suggest that the environmental conditions
between Santos and Ubatuba are different, and that
the transplanted mussels responded to such
differences showing effects in their lysosomes. In
this case, although Ubatuba and Santos constitute
different natural environments, mussels inhabiting
them seem to be adapted to their respective water
conditions, what is evidenced by the absence of
differences in the results obtained by all methods.
This is supported by the previous evidences that
the environmental conditions in Palmas are
suitable for marine life. Abessa et al. (2002)
showed that sea urchin embryos from Palmas
Island, Ubatuba and other clean sites are equally
sensitive to chemical substances, suggesting that
the proximity of Palmas Island to contamination
sources is not affecting those organisms.
However, when the percent of affected animals
(given by the % organisms showing effect) in each
group is compared, it is possible to see the data
from a different angle. The transplanted mussels
showed the fastest response, and quickly 100%

organisms showed effect. Besides, mussels from
Santos tended to respond faster than the animals
from Ubatuba, as could be seen at 15 and 30-min
measures. This difference suggests that, although
adapted to the environmental conditions found in
the waters of Santos, the population from Palmas
seems to be very close to the threshold of showing
cellular stress.
Further investigations are recommended in order
to evaluate the conditions of organisms from
Palmas, once they are collected by fishermen and
used for human consumption.
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RESUMO

Neste trabalho, foi realizado um estudo das
condições fisiológicas de mexilhões de Santos e
Ubatuba e também de organismos transplantados
de Santos para Ubatuba, por meio de diferentes
técnicas analíticas. Foram realizados testes de
estabilidade lisossômica, utili zando células da
hemolinfa, monitoramento da atividade cardíaca
por 6 horas e ensaios de desenvolvimento
embrionário, com ovos obtidos a partir de cada
grupo de mexilhões. A atividade cardíaca e o
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desenvolvimento embrionário foram semelhantes
para os três grupos estudados. O tempo de
retenção do vermelho neutro foi similar entre os
animais coletados em Santos e Ubatuba, enquanto
os organismos transplantados para Santos
apresentaram redução no tempo de retenção do
corante, indicando desestabilização das
membranas lisossômicas. As diferenças
possivelmente se deveram a fatores ambientais, no
entanto novos estudos são necessários para
confirmar esta hipótese.
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