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ABSTRACT
Jakobi, S. C. G.; Ribeiro, C. A. O.; Burkhardt, P. L.; Oliveira, L. T. & Pessatti, M. L. (2012) Chemosensitizer effect of
the crude oil water-soluble fraction on multixenobiotic resistance mechanism of the mussel Perna perna exposed
to tributyltin. Braz. J. Aquat. Sci. Technol. 16(1): 69-77. eISSN 1983-9057. Tributyltin (TBT) and Water-Soluble Fraction
(WSF) of crude oil are usually present in estuarine coastal waters. The transport of rhodamine B by multixenobiotic resistance (MXR) mechanism and Scanning Electron Microscopy (SEM) analysis were used for the experimental evaluation of
the individual and associated sublethal effects of TBT and WSF on the gills of Perna perna. The combined effects of WSF
and TBT were studied. A set of experiments consisted in testing 25ng TBT/L and different WSF concentrations, whereas
another set consisted in assays with 33% WSF and different TBT concentrations. The results showed an inhibition in the
MXR transport activity of mussels exposed to 75 and 100% of WSF, while the concentration upper than 300 ng TBT/L
induced the same mechanism. The results showed that TBT increases the effect of WSF when they are exposed together.
Morphological analysis showed gills lesions only in the group of WSF. The observed disturbs were due to the organization
of cilia on the surface of the lamellae with potential consequence to feed and gas exchange.
Keywords: TBT, Crude oil Water-Soluble Fraction, MXR, ecotoxicology.

INTRODUCTION
Several compounds released to aquatic environments are potentially toxic to biota, and the majority
of them have been considered global pollutants, as
they can be easily dispersed into the environment.
Both tributyltin (TBT) and crude oil compounds
constitute contaminants in harbor and costal areas
influenced by navigation activities. The production
of tin compounds, such as TBT, has an estimated
annual production of around 60.000 tons (Souza et
al., 2009). These compounds were widely applied in
the past decades as components of antifouling paints
for boats. Notwithstanding they were banished since
2008, their impacts still persist in marine ecosystems.
Besides, TBT is considered an important pollutant to
estuarine ecosystems (Fent, 1996) due to its high potential toxicity (Pádros et al., 2003) and easy dispersion
within marine environments. Lee (1996) reported that
mussels can accumulate high concentrations of TBT
when naturally exposed to the substance. Tributyltin is
also an endocrine disruptor (Takeda et al., 2009), yonder be a cytochrome P450 enzymatic system inhibitor
that makes the organism most sensible to other toxic
xenobiotics (Fent, 1996).
The increased utilization of crude oil and its
derivates for industrial and human activities, as transport and energy source, substantially increased their
consumption worldwide in the last century. These
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intense activities have resulted in chronicle releasing
to environment and in accidents involving oil spill and
the release of toxic chemicals to aquatic environments.
Overall, the development of effective methods for the
evaluation of crude oil impact on the biota and human
populations still remains as a challenging task for environmental scientists. According to Neff (1978), 75%
of the constituents of crude oil are hydrocarbons of
long and short chains. The short chain hydrocarbons
are more toxic than larger chain ones; besides, they
are more volatile and remain for shorter periods in
aquatic environment (Brauner et al., 1999). However,
Saeed & Mutairi (1999) reported that after accidental oil
spill, water-soluble fraction (WSF) of crude oil was the
most important cause of the acute effects on aquatic
organisms.
Morphological studies constitute a rapid and
reliable method for the detection of acute and chronic
effect due to chemical exposure to aquatic organisms.
Additionally, when associated with others biomarkers,
the results are more efficient (Hinton et al., 1992).
The multixenobiotic resistance mechanism
(MXR) has been consolidated as a molecular biomarker of exposure, constituting a natural “first line”
biological mechanism of defense for protection against
endogenous and environmental toxins in aquatic
organisms (Kurelec et al., 1997; Epel, 1998). This
mechanism is analogous to the multidrug resistance
mechanism (MDR), described in tumoral cells of
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mammals by Juliano & Ling (1976). Both have been
described to carry to the extracellular mean, compounds recognized as xenobiotic. In this manner, MXR
mechanism represent an important ecotoxicological
role in the residential time of cellular pollutants after
uptake, which results in the rates of bioaccumulation
and toxicity of pollutants (Kurelec et al., 1997). Also,
assays of associated effects can investigate a new
kind of effect and disclose the compounds pertaining
to a novel class of contaminants: the cellular chemosensitizers. These compounds can block the function
of transport activity, decreasing the capacity of efflux
xenobiotics or endogenous compounds from the cell
(Kurelec, 1992; Achard et al., 2004; Zaja et al., 2008).
To the study of this transport activity, have been intensively used substrates fluorophores of the MXR,
among which the rhodamine B (Cornwall et al., 1995;
Pessatti et al., 2002), which can be used as a marker
as much accumulated as effluxed.
The use of SEM to evaluate damages on cells
and tissues of gills in aquatic organisms are a very well
established tools as described by Akaishi et al. (2004)
and Brito et al. (2012) in fish and Valdez Domingos et
al. (2007) in oysters.
This study has investigated the isolated and
associated effects of WSF of crude oil and TBT on the
transport activity of MXR in P. perna after experimental
exposure, and also the effects of these compounds
on gill morphology through scanning electronic microscope (SEM).
MATERIALS AND METHODS
Animals
Adults of brown mussel Perna perna (between 5
and 7 cm lengths) were collected from the Itapocoroy
beach, Penha, Santa Catarina State – South of Brazil
(Fig. 1). As the gender does not modify the standard
activity of MXR complex (Pessatti et al., 2002), both
male and female individuals were used. After sampling,
the animals were washed and kept in aquaria (2.5
individuals per liter) for acclimatization for at least five
days, in filtered seawater, before the experiments. They
were maintained with constant aeration, in a 12 hours
photoperiod regime, and fed daily with Chaetoceros
gracilis, cultivated in our own laboratory. The aquaria
were cleaned every two days.
Water Solution Fraction (WSF) of Crude Oil
The WSF was obtained according to the method
of Anderson et al. (1974). The samples of crude oil
were obtained at the Getúlio Vargas Refinery – REPAR
(Petrobrás Oil Company) Paraná State, and were
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Figure 1 - Location of the study area. Detail shows the Experimental
Station of Marine Culture of the Universidade do Vale do Itajaí
(UNIVALI), Armação do Itapocoroy, Penha – SC, Brazil.

original from the Petroliferous Basis of Campos, Rio
de Janeiro State, Brazil.
Bioassays
Four experiments were carried out to investigate
the effects of WSF and TBT on MXR activity. First, the
effect of each contaminant on MXR was investigated initially in separate, in three individuals per concentration,
for a period of exposure of 24 hours under constant
aeration and temperature. The assay to determination
of WFS effect was carried out with dilutions of WSF 15,
25, 33, 50, 75 e 100%. In other assay, to determination
of TBT effect, were used the concentrations of 25, 55,
100, 300 and 500 ŋg/L of the contaminant. The tested
concentrations of TBT were based on the data from
impacted environments (Fent, 1996; Tong et al., 1996)
and the dilutions of WSF were prepared according to
Anderson et al. (1974). To investigate the associated
effects of TBT and WSF on MXR mechanism of P.
perna, the dilution of WSF (33%) and TBT concentration (25 ŋg/L), i.e., those concentrations with lower
effects on MXR transport activity, were respectively
associated with the tested concentrations of TBT and
dilutions of WSF as described above.
Assay of rhodamine B efflux by MXR mechanism
The mechanism of MXR efflux was determined
according to Cornwall et al. (1995) with the modifications proposed by Pessatti et al. (2002). The gills
were sampled after the anesthesia of mussels on ice
and transferred to filtered sea water. Sections of 25
mm2 of the secondary lamellae were obtained from
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each lamella and incubated in rhodamine B 1µmol/L
(prepared with the same experimental seawater salinity) for 60 minutes. The sections were removed and
placed in the clean seawater to observe the efflux of
rhodamine B. For the control groups, 0.5; 5; 15; 30 and
60 minutes were considered as efflux time, and for the
tested groups, only 5 and 15 minutes were considered.
The fluorescence intensities of gill sections were
measured using a fluorescence microscope Olympus
BX60 equipped with filter U-MWG (filter of 510-550
ŋm excitement and filter of emission blockade of 590
ŋm).A photo sensor Olympus PM20 connected with the
microscope was used for the quantification of emitted
light. The quantified fluorescence as exposure time by
photo sensor reflects the intracellular concentration of
fluorophore (rhodamine B). It was prevented by the
interfilamentar connective tissue from varying thickness and fluorescence (Cornwall et al., 1995). With the
diaphragm closed and focused on only one branchial
filament at a time, the fluorescence intensities of 30
filaments were measured.

Scanning Electron Microscopy (SEM) Analysis
For SEM analysis, gills were first removed, fixed
in glutaraldehyde (3%), cacodilate buffer 0,1M (pH
7.2 – 7.4) for at least 24 hours, dehydrated in ethanol
(Merck) and liquid CO2 (critical point), covered with gold
and observed through Scanning Electronic Microscopic
Philips SEM550.
Statistics Analysis
Analysis of Variance (ANOVA) followed by Tukey
multiple comparison, were performed for statistical
analysis, with significance level of 95%.
RESULTS
The highest variation in MXR activity was observed in those individuals exposed to dilutions of
75 and 100% WSF, when compared with the control
group. Actually, the variations in MXR activity between
the groups were minimal (Fig. 2) until exposure to 50%

Figure 2 – Accumulation of rhodamine B (nmoles/L) in gills of mussels exposed to the WSF (A), TBT (C) and associations (B and D). A - The
results showed a stimulation of the MXR mechanism after dilution of 75% at five and fifteen minutes of efflux time. B - When exposed to
TBT (25ng/L) with different concentration of WSF dilutions, was observed an increase in rhodamine B efflux after five and fifteen minutes
of efflux time, but decreasing at WSF 100% after fifteen minutes. C - Observe that differently of WSF, the TBT decrease the activity of MXR
after 300 ng/L at five and fifteen minutes of efflux time. D - When exposed to WSF (33%) with different concentrations of TBT, is observed
an increase of rhodamine B efflux only in 300 ng/L of TBT at fifteen minutes of efflux time.
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Figure 3 – Scanning Electron Microscopy of gill from Perna perna. Control group. A - General view of the gill. Scale bar = 100µm. B Individual lamellae. Scale bar = 20µm. C and D - Details of the individual lamellae surface with “open” and “closed” channel recovered by
cilia to transport food. Scale bar = 5µm.

dilution. Moreover, under this condition, an increase
in the transport activity of rhodamine B was observed,
as expressed by the decrease in accumulation due
to higher efflux. In those animals exposed to TBT,
the transport activity of rhodamine B from all groups
decreased significantly from the 15 minutes-control;
however, the group exposed to 100 ŋg/L markedly
differed from all other groups in terms of lower efflux
rate (expressed as higher accumulation) of rhodamine B (Fig. 2). In relationship to control, the data of
TBT showed stimulation in MXR activity for all tested
concentrations.
The group that presented the highest variation
(p<0.05) from the other groups was that exposed to
TBT associated with 15% WSF (Fig. 2). All treatments,
except those of 25 and 100% WSF, resulted in lower
MXR transport activity than the control group. Lower
transport activity of WSF indicates higher accumulation and vice versa. The highest MXR inhibition was
observed with 15 and 50% WSF, as expressed by
higher accumulation (lower efflux). After the exposure

of mussels to 33% WSF (fixed) and simultaneously to
varying concentrations of TBT (15 minutes of efflux
time), the rhodamine B transport activity was increased
in relationship to control group (Fig. 2). Exceptions
were observed for 25 and 300 ng/L. Thus, with 50 ng/L,
an increase in efflux activity was observed, whereas
both 100 and 500 ng/L TBT resulted in decreased efflux
activity, as expressed by higher accumulation (Fig. 2).
The exposure to TBT (25 ng/L) increased thrice
the WSF effect (when compared to WSF alone) (Table
1), while exposure to WSF (fixed at 33%) increased
the TBT effect between 0.42 and 6.72 times, when
compared to TBT alone (Table 2).
The morphological analysis using Scanning
Electronic Microscopy showed uniform branchial filaments in the individuals from the control group. The
filaments are adjacently disposed revealing a highly organized structure (Fig. 3A). The surface of the filament
is covered by innumerous cilia that come toward the
axis along the filament (Fig. 3B and C) or open forming
a small depression along the filament (Fig. 3B and D).

Table 1 – Sensitizer effect of TBT in Perna perna gill exposed to WSF. The efflux activities of WSF (5 and 15 minutes) as much in absence
as presence of TBT (25 ng/L) were estimated relatives to respective controls (without WSF neither TBT). The sensitizer effect of TBT was
estimated for the ratio between the efflux in the presence of TBT in relationship to absence (only WSF).
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Table 2 – Sensitizer effect of WSF in Perna perna gill exposed to TBT. The efflux activities of TBT (5 and 15 minutes) as much in absence
as presence of WSF 33% were estimated relatives to respective controls (without TBT neither WSF). The sensitizer effect of WSF was
estimated for the ratio between the efflux in the presence of WSF in relationship to absence (only TBT).

Severe damages were found in individuals exposed to both contaminants (Fig. 4A and 5A) isolated
or together. The current data demonstrated that under
WSF dilutions by keeping fixed TBT concentration, and
it was observed that under WSF (15%), partial disorganization of the cilia (Fig. 4B) was observed but after
exposure to 25% of WSF, the alterations were more
evident reaching up to a total disorganization of cilia.
Observe that the channel present in Figure 3 is not

found (Fig. 4C) and a complete fusion among various
filaments is present in this group (Fig. 4D). Simillar
effects could be found in individuals from group exposed to 100% WSF (Fig. 4E and 4F), but less severe
damages were observed when the individuals were
exposed to a constant dilution of WSF (33%) associated with different TBT concentrations (Fig. 5). After
exposure to 25 ng/L of TBT, a disorganization of cilia
became more evident (Fig. 5B) and a complete fusion

Figure 4 – Scanning Electron Microscopy of gill from Perna perna after TBT (25ng/L) associated with different dilutions of Water-Soluble
Fraction (WSF) of crude oil. A - TBT+100% WSF. Observe the lamellae fusion (arrows). Scale bar = 100µm. B – Detail of gills under
TBT+15% WSF exposure. Arrow shows the ciliar disorganization. Scale bar = 5µm. C and D – TBT + 25% WSF. Respectively observe the
cilia disorganization (arrow) and the total fusion between lamellae (arrow). Scale bar = 20 and 5µm respectively. E and F – TBT+100%
WSF. Observe the increase of cilia and consequently surface disorganization. Scale bar = 20 and 10µm respectively.
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Figure 5 - Scanning Electron Microscopy of gill from Perna perna after WSF (33%) associated with different concentrations of TBT. A –
WSF+100ng/L TBT. Scale bar = 100µm. B – WSF+25ng/L TBT. Observe the ciliar disorganization and the cross bridges between lamellas
(arrows). Scale bar = 20µm. C and D – WSF+100ng/L TBT. Observe the increase on ciliar disorganization (arrows). Scale bar = 20 and
10µm respectively.

of filaments is present in gills. Both Figures 5C and 5D
show the extension of damages on filaments structure
after few hours of exposure to 100 ng/L of TBT.
DISCUSSION
Tributyltin and water-soluble fraction (WSF)
of crude oil can be easily found in estuaries, where
harbor and urban activities are installed. Therefore,
both individual and associated studies are vital to understand their potential toxicity to individual, population
or marine ecosystem. The use of Perna perna as a
model to investigate the effects of both contaminants
is particularly efficient because of its known biological
characteristics such as wide distribution, abundance
(particularly in Brazilian coast) and resistance to many
contaminants (Pessatti et al., 2002).
Tributyltin is a known toxic compound and
although its effects have been studied in aquatic organisms (Rabitto et al., 2005; Roach & Wilson, 2009),
little information regarding to the effects of TBT on
MXR mechanism is available (Kingtong et al., 2007).
Achard et al. (2004) studied the effect of some metals
such as zinc, copper, inorganic mercury and cadmium
on the Pgp of Corbicula fluminea. They found a posi74

tive relationship between the levels of MXR and metal
exposure. Downs & Downs (2007) found the same
effects in coral Madracis mirabilis exposed to Irgarol
1051. Verifying the function of MXR on detoxifying
TBT, Kingtong et al. (2007) established the relationship
between the MDR1, MRP1 and BCRP expression, the
transport activity of these proteins and levels of TBT
in Saccostrea forskali, suggesting a cellular stress
response to TBT.
The exact mechanism for the effects of heavy
metals on the transport activity of MXR is not clearly
known. There are two hypotheses: a) an increase (Chin
et al., 1990) or a down-regulation (Kobayashi-Hattori
et al., 2006) in MDR1 gene expression codifying Pgp,
and b) an increase (or decrease, depending of metal)
in the transport activity of Pgp (or correlated proteins,
as MRP - multidrug resistance associated-protein).
In relation to WSF, the effects of PAHs on MXR
function have been widely described. According to
Smital & Kurelec (1998), Rougée et al. (2006) and
others, PAHs, oil diesel and crude oil can induce MXR
expression (Bard et al., 2002). In this study, the efflux
rate of gills exposed to WSF up to 25% was similar
to that observed in the control group. Under these
conditions, the basal cellular mechanisms appear to
be enough to detoxification.
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The establishment of the effects of various contaminants on aquatic organisms is one of the biggest
challenges in ecotoxicology. All information concerning the multiple effects is important to understand the
real impact of contaminants on aquatic organisms. In
this sense, the MXR function was not inhibited by only
WSF until 65%. However, when the individuals were
continuously exposed to TBT (25 ng/L), the effect of
WSF on the efflux of rhodamine B was changed. When
simultaneously exposed at 25% WSF, TBT appeared
to have a stimulatory effect on MXR activity. However,
at 33% and 50%, the sensitizer effect of TBT was
revealed, as demonstrated by the higher accumulation of rhodamine B (efflux decrease) (Table 1). This
result suggests a ‘chemosensitizer’ effect (Kurelec,
1992) of TBT on those individuals exposed to both
contaminants. This information is important, therefore
requires further investigation.
On the other hand, the sensitizer effect of WSF
on MXR activity was clearly evident when combined
with TBT. In a dose-dependent manner, the WSF
decreased the MXR activity in until 6.7 times, as observed in higher tested TBT concentration (Table 2).
These results show that, although WSF 33% has a
subtle effect on MXR transport activity (Fig. 2), minor
concentrations of WSF can sensitize the cell to other
environmental contaminants, as observed when associated with TBT.
Few data concerning to morphological effects
of WSF on the branchial tissues of mussels are available because the majority of studies are focusing on
fish species. The majority of studies were focused on
fish species. According to Gregory et al. (1999), Perna
perna exposed to mercury for a long time showed
the occurrence of necrosis areas and absence of
eyelashes. Sub chronic and chronic exposures can
favor the presence of this type of lesion, but they were
not observed in this study. Comparatively, the lesions
described in the present study are apparently less
severe, but can still affect feeding and gas exchange.
The morphological damages observed in this study
do not clearly indicate the synergism of TBT on WSF
effects, but can affect the normal function of the gills
of Perna perna, after isolated or associated exposure.
CONCLUSION
Notwithstanding the relevance of the tested contaminants in this study, its isolated and/or associated
effects on MXR transport activity are still less explored
in ecotoxicology. The morphological alterations observed in the gill of Perna perna did not substantiate the
same effects described for MXR function, but showed
important lesions that could interfere with the physi75

ological gill function. TBT and WSF presented effects
on the transport of rhodamine B by MXR mechanism,
but further studies are required to better understand
the effect of these as well as other classes of contaminants on the resistance mechanisms of the cell. The
exposure to TBT showed stimulation on the transport
activity by MXR, whereas WSF showed an inhibitory
effect at higher concentrations (75 and 100%). The
association of both contaminants indicated that WSF
can act as a cellular sensitizer, thereby increasing the
inhibitory effect of other contaminants such as TBT on
MXR transport activity.
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