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Abstract

Many aquatic organisms express the multixenobiotic resistance mechanism (MXR) mediated by a membrane protein
denominated P-glycoprotein (Pgp), which reduce the accumulation of xenobiotics by active transport to out of cells. In order
to establish fluorescence microscopy as a quantitative method to monitor MXR activity, the kinetic of fluorescence decay
emitted by rhodamine B (RB) was determined. Rhodamine B (1 at 1000 nmoles L) were spotted on silica gel plate and
fluorescence decay recorded and determined as exposition time (ET, sec) using a fluorescence microscope’s photo sensor. The
ET at zero time was obtained from a linear equation of plotting ET(s) against the respective rhodamine B concentrations. The
resulting mathematical model (RB = (28/ET) -1 -Blank, r* = 0.9945), allowed the quantitative determination of rhodamine
B intracellular accumulation (nmoles L' This transport activity quantitation is consequence of the MXR mechanism activity
operating in viable sections of gills of the mussel Perna perna and allows its measurement as a molecular biomarker.
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Monitoramento do mecanismo de resisténcia a multixenobidticos: padronizacio da fluorescéncia emitida pela
rodamina B

Resumo

Muitos organanismos aquaticos expressam o mecanismo de resisténcia a multixenobidticos (MXR) mediado pela proteina
de membrana denominada glicoproteina-P (Pgp), a qual reduz o acumulo de xenobioticos por transporte ativo para fora da
célula. Com o objetivo de se estabelecer a microscopia como um método quantitativo para monitorar a atividade do mecanismo
MXR, a cinética de decaimento da fluorescéncia emitida pela rodamina B (RB) foi determinada. Solu¢des de RB (1 a 1000
nmoles L") foram aplicadas sobre uma placa de silica gel e as intensidades de fluorescéncia ao longo do tempo registradas e os
resultados expressos como tempo de exposicao - ET (segundos) marcados pelo fotosensor de um microscépio de fluorescéncia.
O ET no tempo zero foi obtido de uma equagéo linear do plote dos ET(s) com as respectivas concentragdes de RB. O modelo
matematico resultante (RB = (28/ET) -1 -Branco, 12 = 0.9945), permitiu a determinagéo quantitativa do acimulo intracelular
de rodamina B (nmoles L'). Esta atividade de transporte ¢ consequéncia da atividade do mecanismo MXR operando em
fragmentos viaveis de branquias do mexilhdo Perna perna e permite seu uso como biomarcador molecular.
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INTRODUCTION

The multidrug resistance (MDR) mechanism has been
verified in many mammalian tumoral cell lines (Cornwall
et al., 1995; Marzac et al., 2011; Latorre et al., 2012) and it
is the main responsible for cell cross-resistance to multiple
cytotoxic agents such as drugs utilized in chemotherapy
(Gottesman et al., 1993; Steinbach & Legrand, 2007). This
mechanism is mediated by a protein family, belonging to ATP-
binding cassette (ABC) transporters, which pumps (effluxes)
xenobiotics out of cells in an ATP-dependent manner. Among
these proteins, the P-glycoprotein (Pgp) and multidrug
resistance-associated proteins (MRPs) act as transporters in
secretory processes, determining the cellular permeability to
different structurally unrelated compounds (e.g., cytotoxic,
xenobiotics), enhancing the cell resistance to these agents.

Many aquatic organisms express the phenotype of
multixenobiotic resistance (MXR) mechanism in a manner
analogue to the multidrug resistance (MDR) mechanism
(Kurelec & Pivcevic, 1991; Loncar et al., 2010). The
MXR bestow to these animals the capacity of adaptation
to contaminated environments. As it is inherently present
in all tested aquatic organisms, the MXR mechanism
has been considered as a natural biological ‘first line’
mechanism of defense of protection against xenobiotics
(Kurelec et al., 1992).

The activity of MXR mechanism has been quantified
by different methods, involving binding assays utilizing
radioactive isotopes (Simmons et al., 1995; Kurelec et al.,
1997) and fluorescence measurements (Broxterman et al.,
1997; Pessatti et al., 2002; Zaja et al., 2011) irrespective to the
cells or organisms origin. Rhodamine B is an useful probe as it
is recognized as a substrate by Pgp and allows, using activity
transport assays, the measurement of the MXR mechanism
activity. However, the relationship between the rhodamine B
concentration and fluorescence intensity is fundamental for
the consolidation of fluorescence microscopy as a quantitative
method of MXR mechanism activity. This approach has been
used in fresh gill sections of the mussel Perna perna in order
to monitor the transport (accumulation and efflux) of the
fluorescent dye through in situ experiments.

MATERIAL AND METHODS

Purification of rhodamine B

To the purification of rhodamine B P.A. (Merk) was used
a conventional chromatographic procedure. The rhodamine B
(250 mg) was fractionated in a column of silica gel (Merk) with
20 mL (total volume) and eluted with chloroform: methanol
(9:1). Fractions of 8 mL were collected and monitored by thin
layer chromatography. The fractions 2-6 were assembled and
rechromatographed in same system. The fractions 1 and 2,
containing the pure rhodamine B, were concentrated under
vacuum.
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Standardization of fluorescence emitted by rhodamine B

To the experiments an eppifluorescence microscope
Olympus BX60 equipped with U-MWG filter (excitation and
emission wavelengths of 510-550 and 590 nm respectively)
was used. The fluorescence emission with the closed
diaphragm from the stained area was quantified by a coupled
photo sensor Olympus PM20 regulated at ISO 100 and with
a 4.0 exposition adjustment (maximum sensitivity), according
Pessatti et al. (2002).

To the standardization of fluorescence emitted by
rhodamine B, spots of 10 uL of purified rhodamine B (from
1 to 1000 nmoles L") were carefully applied on silica gel (60
F 254, Riedel-de Haén) plates in order to generate uniform
circular areas. The kinetics of fluorescence decay was then
recorded from 0 to 90 seconds using the Exposition Time (ET)
recorded in the fluorescence microscope’s photo sensor as a
measurement unit. ET was defined as the necessary time, in
seconds, of shutter opening to sensitize a photographic film
under the condition described above. A calibration curve
was built and the zero time (maximum fluorescence) of each
rhodamine B concentration obtained from linear equations of
ET plotted against the respective rhodamine B concentrations.
The determinations were performed in triplicate and the
results represent the mean of independent experiments (from
2 to 6), with the respective confidence intervals (0=0.05). As a
control, the same procedure was performed in silica gel plates
spotted with the same volume of distilled water, since it was
the solvent used for the dye solubilization.

Assay of rhodamine B transport

In order to verify the standardization of fluorescence,
different assays were assembled using gills of the mussel Perna
perna. The mussel specimens (50-70 mm long) were collected
at the Penha Experimental Sea Culture Station, UNIVALI - SC,
Brazil, and were acclimatized in laboratory during 24 hours.
Rhodamine B accumulation experiments were performed
following Cornwall et al. (1995), with some modifications. The
mussels were carefully dissected and the gills were collected in
filtrated sea water. Small sections (2.5 mm?) were cut from the
dorsal edges of the descending arms of each lamella, above the
interlamellar tissue bridges, and were incubated in sea water
with aeration during 20 minutes for mucus removal. The gill
sections were then re-incubated with 2 mL of 1 wumoles L™
(or less) thodamine B in sea water, for 15 minutes at 16°C,
followed by a 20 sec rinse with sea water in order to discard any
extracellular residual dye. Each gill piece was then assembled on
a microscope plate. The fluorescence intensity of the abfrontal
side of each gill filament was measured in the fluorescence
microscope as described. Control for any basal fluorescence
was obtained from gill sections incubated in the absence of
rhodamine. The fluorescence from fifteen to thirty filaments
from each gill section was/were recorded. Final results of the
recorded ETs were then expressed as averages and confidence
intervals (0=0.05) of the rhodamine B accumulation (nmoles L'!)
in the gill tissue, calculated respectively from standardization
described above. This unit (nmoles L") should be understood
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as the mass of rhodamine B accumulated in tissue that give a
fluorescence intensity equivalent at this concentration when
observed in silica gel plate.

RESULTS

The kinetics of fluorescence decay emitted by purified
rhodamine B as function of UV light exposition time is
shown in the insert of Figure 1. The ETs at zero times (T,)
were estimated from the linear equations (mean 1>=0.9946)
obtained by plotting ETs at several times of UV exposition
versus the respective concentrations for rhodamine B. Means
and confidence intervals (0=0.05) from 2 to 6 independent
assays are shown.

Because of the negative exponential profile obtained, many
mathematic models were tried to explain the observed behavior.
The chosen model to relate ET recorded by the eppifluorescence
microscopy and rhodamine B concentration was:

RB = (28/ET) -1 - Blank

where RB is the rhodamine B concentration (in nmoles
L"), ET is the exposition time (in seconds) and Blank is the
exposition time (in seconds) verified in mussel gills incubated
with only sea water (basal fluorescence) (Fig. 2). The r? to this
model was 0.9945.

(Equation 1)

DISCUSSION

The multixenobiotic resistance mechanism is a ‘first
line’ of defense against numerous compounds recognized as
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Figure 1 - Calibration curve of fluorescence emitted by purified
rhodamine B. Exposition time(s) (ET, seconds) were obtained from
different purified rhodamine B concentrations applied to silica gel and
exposed to the microscope’s UV light at zero time (mean * confidence
interval (p<0.05) of 2 from 6 independent assays). Insert: the kinetics of
fluorescence decay emitted by purified rhodamine B applied to silica gel
when excited by microscope’s UV light. ETs mean * confidence interval
(p<0.05) obtained from 1 nmoles L' ((J), 2 nmoles L' (A), 3 nmoles L"!
(<), 4 nmoles L' (O), 10 nmoles L' (M), 30 nmoles L' (A) and 100
nmoles L' (®) purified rhodamine B exposed to UV light in time (0 at 90
seconds) in epifluorescence microscope. The results show one of many
(from 2 to 6) independent assays, with r* of 0,9946 (mean of all assays).
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Figure 2 - Saturation of multixenobiotic resistance (MXR) mechanism
by purified rhodamine B. Sections gills of mussel P. perna were incubated
in 2 mL of rhodamine B (from 10 nmoles L-'to 10 umoles L") by 30
minutes, washed in sea water to remove any extracellular dye, and then
placed on slides for measuring fluorescence intensity.

xenobiotic by cells (Kurelec, 1992). However, to study the
MXR in in vivo systems is necessary methods that enable the
quantitative determination of transport activity of standard
substrates. The rhodamine B is an excellent fluorophore, since
is water soluble, is widely used for many purposes (what
make it easily available) and has a low cost. Moreover, is a
good substrate of Pgp and other ABC transporters (Smital et
al., 2003; Nabekura et al., 2010; Faria et al., 2011).

As can be observed, the rhodamine B concentration can
be calculated as zero at ET=28 seconds and negative values
will be obtained if ET>28 seconds (a situation seldom
observed experimentally), defining the sensibility limit of the
method. Nevertheless, this mathematical model shows a good
correlation with ET values as low as 0.03 seconds, which
represents 1000 nmoles L' of rhodamine B, with an estimated
error of 5.83%. The ETs verified in in situ experiments
were related with the rhodamine B concentration(s). Hence,
Equation 1 allows the quantitative determination of the MXR
mechanism activity in in situ experiments.

The results obtained from in situ assays demonstrate
the usefulness of this approach as a quantitative method for
measuring rhodamine B in live tissues, and it can be used as
expression of MXR mechanism in mussel Perna perna, as
well as in other organisms.
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