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Abstract

A selective analysis of adsorbed mitoxantrone (MTX) was performed by surface-enhanced Raman scattering (SERS) at the range
of cellular membrane. Disruption of the membrane fluidity was carried out to appraise changes in membrane adsorption of MTX
and drug uptake in sensitive (HCT-116 S) and resistant BCRP/MXR (HCT-116 R) cells. Based on spectral MTX modifications,
micro-SERS spectroscopy discriminated clearly drug adsorption phenomena on plasma membrane from drug in solution. A 3-fold
higher SERS intensity of MTX for HCT-116 R was observed concluding to a higher drug adsorption on resistant membrane. The
increase of membrane fluidity with benzyl alcohol (BA) or chloroform (CF) resulted in a 3-fold decrease of MTX adsorption on
HCT-116 R, exclusively. BA and CF improved intracellular accumulation of MTX (e.g., 823 and 191 pmol MTX/106 HCT-116
R incubated with or without BA). At 4 �C, drug accumulation measurements showed a decrease of MTX permeability in resistant
membrane (42 pmol MTX/106 cells), restored with fluidizers (e.g., 342 pmol MTX/106 cells with BA). Fluorescence confocal micros-
copy involved an exclusive MTX emission around the plasma membrane of resistant cells whereas fluidizers increased the intracel-
lular uptake of MTX in both cell lines at the same time with less drug emission around the plasma membrane. Changes of the
membrane structure of resistant cells should modify both drug adsorption and membrane permeation.
� 2005 Published by Elsevier Inc.

Keywords: Mitoxantrone; Plasma membrane; Higher adsorption; Resistance; SERS
Optimization of drug influx and limitation of its
efflux across the membrane barrier are two most impor-
tant targets to increase the efficacy of chemotherapeutic
drugs [1]. Drug resistance remains one of the primary
causes of suboptimal outcomes in cancer therapy [2].
The multi-drug resistance (MDR) was determined with
an efflux protein overexpression as the breast cancer
resistant protein (BCRP) and changes of lipid composi-
tion. The decrease of intracellular accumulation of cyto-
toxic drugs could be dependent on a slower drug uptake
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through the plasma membrane [3]. Two different mech-
anisms were proposed to account for the solute perme-
ation across lipid membranes such as (i) the diffusion
through transient pores or defects in the membranes
and (ii) partitioning into the hydrophobic phase of the
bilayer followed by diffusion to the opposite side of
the membrane [4].

A transfer step over the plasma membrane of most
anticancer drugs implicates adsorption, insertion, and
flip-flop that can be distinguished as consecutive stages
in the transbilayer movements [5–7]. Hydrophobic inter-
actions, membrane fluidity, and drug lipophilicity are
decisive for efficient intracellular uptake of anticancer
drugs [8,9]. Anthracyclines and mitoxantrone (MTX)
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are probably the best-studied examples in drug-mem-
brane interactions [10–12]. Different agents fluidizing
membrane (anesthetics, chloroform, neutral mild deter-
gents, and certain MDR-type drugs) have been de-
scribed to modulate the uptake of doxorubicin [7,13].
Regev et al. concluded the transbilayer movement of
the drug was only correlated with membrane fluidity
and indicated that the step limiting the movement rate
was located in the membrane matrix. Thus, the relation
between drug adsorption in a cellular resistance model
[12] and the intracellular uptake still remains unclear.

We have previously reported the higher mitoxantrone
adsorption on the plasma membrane of resistant cells
compared to its sensitive strain by surface-enhanced
Raman scattering (SERS) spectroscopy [12]. Indeed, this
method revealed to be a selective analysis of drug
adsorption on membrane due to both high sensitivity
(10�10 M drug) and to the exclusive analysis of drug
near a surface. SERS is based on the enhancement by
several orders of magnitude (up to 109 [14]) of the
Raman intensity of molecules in the vicinity of a rough-
ened metallic surface. This study aims to bring details
about parameters allowing a modulation of membrane
permeation of sensitive (HCT-116 S) and resistant
BCRP/MXR (HCT-116 R) cells with fluidizers benzyl
alcohol and chloroform. In addition, a relation between
the drug adsorption on plasma membrane and its intra-
cellular uptake in living cells will be proposed through
the disruption of the membrane fluidity.
Materials and methods

Cell lines. HCT-116 colon adenocarcinoma cell line was purchased
from the ATCC (Manassas, VA, USA). The following cell types were
routinely grown asmonolayers inRPMI 1640mediumwithGlutamax-1
(Gibco, UK) containing 10% fetal calf serum (Gibco, UK) at 37 �C in a
humidified atmosphere of 5% CO2 and underwent trypsinization
(trypsin–EDTA (1·) inHBSSW/OCA&MGW/EDTA. 4NA, stored at
�20 �C, Gibco, UK). The parental cell line was first cloned to obtain a
reference SN38 sensitive clone, referred to as HCT-116 S. A continuous
exposure of HCT-116 S to SN38 was carried out with stepwise increased
concentrations ranging from 1 to 15 nM over a period of about 8
months. The cell population growing in 15 nM SN38 generated the
HCT-116 R clone and overexpressed BCRP efflux proteins. A sulfo-
rhodamine test was determined after a 72 h treatment with mitoxan-
trone, and an IC50 of 2.8 and 11.1 nM was measured, respectively, for
HCT-116 S and HCT-116 R.

Drug and chemicals. Mitoxantrone (MTX) and synthetic fluidizers
benzyl alcohol (BA) and chloroform (CF) were purchased from
Sigma (St. Louis, USA, MWMTX = 517.4, MWBA = 108, and
MWCF = 119.38). For SERS experiments, Ag sols were prepared as
described by Lee and Meisel [15]. A 90 mg sample of AgNO3 (ALFA,
MW = 169.87) was suspended in 500 ml quartz-distilled water, purged
with pure N2, and heated to 100 �C. Ten milliliters of a 1% solution of
sodium citrate (Sigma, USA, MW = 258.1), purged with N2, was ad-
ded dropwise to the boiling solution under vigorous stirring. The
solution was kept boiling for 60–90 min. The absorption curve of the
brownish suspension showed a maximum at 415 nm. One molar
solutions of NaClO4 (Sigma, St. Louis, USA, MW = 122.4), MgSO4
(Sigma, St. Louis, USA, MW = 120), or NaCl (Prolabo, MW = 58.44)
were used to aggregate Ag sols.

SERS spectroscopy.Micro-SERS experiments were performed with
a Labram microspectrometer (Horiba Jobin Yvon), using a Titanium-
Sapphire laser (Spectra Physics) tuned at 785 nm as excitation source.
The microspectrometer is equipped with an Olympus model micro-
scope and the measurements were recorded with a 100· objective
(NA = 0.9) suitable for near infrared light. A 104 attenuating filter was
inserted in the beam path to irradiate a single colloid aggregate by
20 lW. As dispersive element, the Labram microspectrometer is
equipped with a holographic grating of 950 lines/mm giving a spectral
resolution of 4 cm�1. Micro-SERS spectra were recorded from 200 to
1800 cm�1, with an acquisition time of 10 s. Macro-SERS spectra were
obtained with an OMARS 89 spectrometer (DILOR, France). The
diffraction was assured by a 1800 line/mm grating that allowed
the analysis of a spectral window of about 400 cm�1 at a time. The
detection system was constituted of 512 photodiodes coupled with a
light amplifier. The excitation used for SERS experiments was
the 514.6 nm line of an Ar+ laser (Spectra Physics 2020-03 model). The
theoretical spectral resolution was determined at 0.83 cm�1. The
spectrometer was linked to a computer, which allowed acquisition and
mathematical processing of spectra with homemade software. The la-
ser power was about 400 mW at samples. In these conditions, no
contribution of Raman scattering from cells was observed.

A first series of tests determined aggregation conditions of silver
colloid. Drug and cells were analyzed with isotonic Ag sols (diluted at
V/V 30%, pH 7), aggregated by salts NaClO4, or MgSO4, or finally
NaCl ([salt]final = 0.1 M). NaCl salts allowed the highest Raman
scattering. Different colloidal batches were tested with 10�8 M MTX
and showed a reproducible drug Raman enhancement, validating a
homogeneous colloidal preparation.

For micro-SERS experiments, cellular strains were treated with
2 lMMTX for 1 h at 37 �C in a humidified atmosphere of 5% CO2 and
washed twice with MTX-free RPMI medium (Gibco, UK). Each cell
line was mixed with 500 ll isotonic aggregated colloid (pH 7). Colloid
aggregates and cell culture were first visualized with a video camera.
Stable aggregates, localized on cell surface, were irradiated one at a
time with the laser beam. Each spectrum of MTX was obtained in
focusing the laser line on one colloid grain in contact with the cell
membrane. Presented spectra were representative of a series of five
reproducible spectra of MTX-treated cells. In these conditions, no
contribution of Raman scattering from untreated cells was observed. A
control with 10�9 M MTX in solution was performed in focusing the
laser line on a colloid grain in contact with the bottom of the petri dish.

For macro-SERS experiments, each cell type was treated with
2 lM MTX for 1 h at 37 �C in a humidified atmosphere of 5% CO2,
trypsinated, and washed twice with MTX-free RPMI medium (Gibco,
UK) (3 min at 1000 rpm). Each population of cells was suspended in
50 ll isotonic aggregated colloid (pH 7) for SERS spectroscopy anal-
ysis. The viability of cells analyzed with silver hydrosol was checked by
microscopy with 0.1% trypan blue test determining the cellular death
percentage that was less than 0.5%. Each cell type was incubated in
1 mM BA or 1 mM CF for 10 min as described previously [16] to study
the permeability influence of the plasma membrane on MTX adsorp-
tion preceding a treatment with 2 lM MTX for 1 h at 37 �C under a
hydrated atmosphere with 5% CO2. For each analysis series, a stan-
dard test with 10�8 M MTX validated the correct feature of the
aggregated colloid. Each presented spectrum was a medium spectrum
of 106 MTX-treated cells resulting from 20 accumulations of 3 s each
and was representative of a series of three reproducible spectra of three
different cell batches. For different graphs (Fig. 2), each reported
measurement corresponded to the band area (1250 and 1350 cm�1) of
SERS average spectrum. Significance of results was determined by
Student�s t test. The level of significance chosen was 99% (P < 0.01).

Confocal fluorescence microscopy. Fluorescence microscopy was
performed using an MRC-1024 confocal system (Bio-Rad, Micro-
science, Hemel Hempsted, UK). The scanning confocal system was
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coupled with an Optiphot epifluorescence microscope (Nikon, Tokyo,
Japan), equipped with a 60· magnification water immersion objective
of numerical aperture NA = 1.4. Experiments were performed with a
Kr+/Ar+ laser at 568 nm. MTX emission was collected through a
680 nm band-pass filter. Cell types were treated with 5 lM MTX, with
or without an incubation with 10 mM BA or 10 mM CF for 1 h at
37 �C in a humidified atmosphere of 5% CO2, and washed in MTX-free
RPMI medium to locate drug fluorescence emission. Images were re-
corded with LaserSharp Version 2.1 T (Bio-Rad software) and were
calculated with Confocal Assistant (Bio-Rad software). Each image
was represented with 512 · 512 pixels of 0.1 · 0.1 lm each, and ac-
quired with a Kalman filter to reduce background noise (average on 3
scanning images).

Spectrophotometric measurements of MTX accumulation. Intracel-
lular MTX accumulation was quantified in both cell types by spec-
trophotometric measurements using UVIKON Spectrophotometer
(Kontron Instruments, Italy). Five hundred microliters of a cellular
lysate was analyzed between 550 and 680 nm with a 50 nm/min speed
scanning. A reference range of MTX in solution was carried out be-
tween 10�7 and 10�5 M concentrations to validate this method. After a
linear baseline subtraction, the intracellular uptake of MTX was esti-
mated from the value of drug absorbance spectra at the maximum
622 nm, referred to as a reference range and reported in 106 cells.
Treated cells were lysed in 1% Triton X-100 (Sigma, USA) for 5 min at
room temperature before absorbance reading.
Results

Confocal microscopy imaging of MTX

HCT-116 S and R were treated with MTX to ob-
serve the cellular layout. The two cell strains were trea-
ted with 5 lM MTX for 1 h at 37 �C in a hydrated
atmosphere with 5% CO2. After washing in MTX-free
Fig. 1. Confocal fluorescence microscopy images of MTX emission in sensit
type was incubated with MTX (A,D) and fluidizers benzyl alcohol (B,E) or ch
of resistant cells (white arrows) is observed whereas fluidizers increase the int
MTX emission around the plasma membrane. Experimental conditions: each
with 10 mM benzyl alcohol or chloroform; laser excitation was fixed at 568 n
Each image corresponds to 512 · 512 pixels, each of 0.1 · 0.1 lm2 size.
RPMI at 4 �C, cells were observed by confocal micros-
copy (Fig. 1). Image of MTX-treated HCT-116 S dis-
played a high fluorescence emission in cytoplasm and
nucleoli. In contrast, the MTX fluorescence distribution
in HCT-116 R mainly located around the plasma mem-
brane in spite of several plotted organelles.

MTX-treated HCT-116 S and R were incubated with
10 mM benzyl alcohol (BA) or chloroform (CF) in the
same conditions to observe the effect of fluidizers on
MTX intracellular layout. For HCT-116 S, a slight in-
crease of MTX emission was observed. Compared to
their control MTX-treated HCT-116 R incubated with
BA or CF revealed clearly a higher MTX fluorescence
emission in nuclei and cytoplasm. In addition, BA and
CF slightly decreased the MTX fluorescence emission
next to the plasma membrane.

Modulation of MTX influx

A quantification of the intracellular MTX was per-
formed in both cell types to determine the influence of
fluidizers on the MTX influx. HCT-116 S and R were
treated with 5 lM MTX with or without 10 mM BA
or CF for 1 h at 37 �C in a hydrated atmosphere with
5% CO2 preceding an optical density analysis at
622 nm (Fig. 2, graph 1). At 37 �C, the intracellular
accumulation of MTX in HCT-116 S showed a 2.5-fold
higher MTX accumulation (about 447 ± 67 pmol/106

cells) in comparison with that in HCT-116 R (about
191 ± 28 pmol/106 cells). An incubation of MTX-trea-
ted HCT-116 S with BA or CF revealed a 1.9- and
ive HCT-116 S (A–C) and resistant HCT-116 R (D–F) cells. Each cell
loroform (C,F). An exclusive MTX emission around plasma membrane
racellular uptake of MTX in both cell lines at the same time with a less
cell type was treated with 5 lM MTX for 1 h at 37 �C and incubated

m and MTX emission was collected through a 680 nm band-pass filter.



Fig. 2. Improved effects of fluidizers benzyl alcohol or chloroform on
MTX influx in sensitive (HCT-116 S) and resistant (HCT-116 R) cells
at 37 �C (graph 1) or 4 �C (graph 2). Experimental conditions: each cell
type was treated with 5 lM MTX with or without 10 mM benzyl
alcohol or chloroform for 1 h either at 37 �C or at 4 �C to block BCRP
activity and to decrease the natural fluidity of plasma membrane. Each
value was obtained by absorbance reading at 622 nm; the intracellular
concentration of MTX was calculated from a range standard and
reported in pmol/106cells. Results are mean values of three experi-
ments ± SD. P < 0.01.

Fig. 3. Discrimination of MTX adsorbed on the plasma membrane of
sensitive cells from drug in solution by micro-SERS spectroscopy.
SERS spectra of MTX adsorbed on membrane (in full line) and MTX
in solution (in dot line) between 300 and 600 cm�1 (A), and between
1220 and 1340 cm�1 (B). Spectra were normalized on the 431 cm�1

band (A) and on the 1177 cm�1 band (B). Experimental conditions:
laser line was focused on one colloid grain in contact with cellular
membrane or at the bottom of the petri dish for MTX in solution; for
each spectrum: 20 lW laser power (785 nm of titanium-sapphire line)
at sample and 1 accumulation of 10 s.
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1.6-fold higher drug accumulation, respectively. MTX-
treated HCT-116 R incubated with BA or CF showed
a 4.3- and 2.6-fold increase of the intracellular MTX
accumulation, respectively.

An incubation of both cell lines with 5 lM MTX for
1 h was carried out at 4 �C to inhibit efflux pump BCRP
and to rigidify phospholipidic bilayer (Fig. 2, graph 2).
At 4 �C the same 2.5-fold factor of intracellular MTX
accumulation was observed between resistant
(42 ± 6 pmol/106 cells) and sensitive (115 ± 17 pmol/
106 cells) cells compared at 37 �C. Thus, this result al-
lowed us to conclude that the difference of MTX intra-
cellular accumulation between these two cell strains
was not exclusively dependent on efflux protein overex-
pression. Moreover, a 5.2- and 4.9-fold increase of MTX
accumulation in HCT-116 S incubated with BA or CF
was observed, respectively. At the same time, an 8.1-
and 9-fold higher MTX accumulation in HCT-116 R
incubated with BA or CF, respectively. The increase fac-
tor of MTX accumulation was higher with fluidizers for
resistant cells than for its sensitive strain. Fluidizers
antagonize rigidified effect of temperature on membrane
behavior at 4 �C. Results confirmed observations of in-
creased fluorescence emission of intracellular MTX by
confocal microscopy.

Modulation of MTX adsorption for the plasma membrane

The SERS method was applied to characterize an
adsorption of MTX on a cellular membrane. A specific
drug interaction with the plasma membrane could be
demonstrated by differences of SERS spectra compared
to MTX in solution. Each spectrum of MTX was ob-
tained by micro-SERS analysis in focusing the laser line
on one colloid grain in contact with the membrane of
treated cells. HCT-116 S were incubated in 2 lM
MTX for 1 h at 37 �C, washed twice in drug-free RPMI,
and mixed with isotonic pre-aggregated colloid before
micro-SERS analysis (Fig. 3). Modifications of the 475
and 517 cm�1 bands were observed for membrane-ad-
sorbed MTX spectra (full line in Fig. 3A) compared to
drug in solution (dot line in Fig. 3A). Moreover, a sig-
nificant shift of the 1307 cm�1 band toward 1303 cm�1

was determined for MTX adsorbed with cells (Fig.
3B). The drug spectral fingerprint allowed us to discrim-
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inate clearly MTX adsorption phenomena on plasma
membrane from drug in solution.

Spectral profiles were reproducible whereas a high
intensity variability was noticed on whole SERS spectra
depending on each nanoparticle size. Thus, next experi-
ments were carried out by macro-SERS spectroscopy on
106 cells in a 50 ll colloid volume, to avoid this variabil-
ity. In this aim, HCT-116 S and R were incubated in in-
creased MTX concentrations ranging from 0.1 to 2 lM
for 1 h at 37 �C, trypsinated, and washed twice in MTX-
free RPMI at 4 �C. About 106 cells were mixed with iso-
tonic pre-aggregated colloid (Fig. 4). A 3-fold higher
intensity was observed for MTX-treated HCT-116 R
compared to HCT-116 S at each drug concentration.
This result involved a tight MTX adsorption in the plas-
ma membrane microenvironment. The variation coeffi-
cient (VC) of MTX Raman enhancement was
calculated from the 1250 to 1350 cm�1 area band on
three different cell batches and was estimated to be
about 29% for MTX-treated sensitive cells and 17%
for resistant cells, concluding that the difference of
MTX Raman diffusion between resistant and sensitive
cells was significant (P < 0.01). Moreover, tests with
other colloidal batches demonstrated a reproducible
VC between both cell lines.

BA or CF was added to cells during treatment with
MTX to determine the changes in consequences of mem-
brane structure on MTX adsorption. Each cell type was
incubated in increased MTX concentrations (0.1–2 lM)
with 1 mM BA or CF at each time for 1 h at 37 �C
Fig. 4. Influence of the MTX concentration (0.1–2 lMMTX for 1 h at
37 �C) on drug adsorption on resistant (HCT-116 R) and sensitive
(HCT-116 S) cell membrane pre-incubated with or without 1 mM
membrane fluidizers benzyl alcohol or chloroform by SERS spectros-
copy. Each reported value (a.u.) corresponds to the integrated intensity
of SERS spectra between 1250 and 1350 cm�1. Experimental condi-
tions: about 106 cells were used, for each spectrum: 400 mW laser
power (514 nm of Ar+ line) at sample and 20 accumulations of 3 s.
each. Results are mean values of three experiments ± SD. P < 0.01.
Inset in figure: an average SERS spectrum of 106 resistant (1) or
sensitive (2) cells treated with 1 lM MTX 1 h at 37 �C.
(Fig. 4). A 3-fold decrease of MTX Raman intensity
was observed for MTX-treated HCT-116 R incubated
with BA or CF whereas no intensity change for HCT-
116 S incubated with BA or CF was observed (see insert
in Fig. 4). The difference of MTX Raman diffusion for
resistant cells incubated with or without fluidizers was
significant (P < 0.01). Addition of BA and CF agents re-
sulted in modulating MTX adsorption on the plasma
membrane of HCT-116 R, exclusively.

The MTX release from the membrane microenviron-
ment was carried out at 4 �C to reveal differences be-
tween drug affinity and the membrane bilayer in the
absence of BCRP ATPase activity. Each cell type was
treated with 2 lM MTX with or without 1 mM BA or
CF for 1 h at 37 �C. Then, cells were washed (time
T = 0) and added to fluidizer- and MTX-free RPMI at
4 �C before SERS analysis (Fig. 5). A rapid decrease
of MTX SERS intensity was observed for MTX-treated
HCT-116 R from 10 min in MTX-free RPMI whereas
no spectral change for MTX-treated HCT-116 S oc-
curred. The observed decrease of SERS diffusion in
resistant cells corresponded to a MTX release out of a
membrane microenvironment. The higher MTX scatter-
ing on HCT-116 R, followed by a rapid drug release
from plasma membrane in medium, could reveal a spe-
cific adsorption site of MTX. Moreover, a little change
of SERS intensities occurred in the presence of fluidizers
during the MTX release from the plasma membrane at
4 �C. The fluidizer, either BA or CF, should disrupt this
specific site exclusively.
Fig. 5. Release of adsorbed MTX at 4 �C from the plasma membrane
of HCT-116 R and S pre-incubated with or without membrane
fluidizers benzyl alcohol or chloroform. Cells were incubated in 2 lM
MTX with or without 1 mM benzyl alcohol or chloroform for 1 h at
37 �C and at time 0, cells were added to MTX- and fluidizer-free
medium for different time laps (0–60 min). Each reported value (a.u.)
corresponds to the integrated intensity of SERS spectra between 1250
and 1350 cm�1. Experimental conditions: about 106 cells were used, for
each spectrum: 400 mW laser power (514 nm of Ar+ line) at sample
and 20 accumulations of 3 s. each. Results are mean values of three
experiments ± SD. P < 0.01.
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Discussion

The interaction of anticancer drugs like doxorubicin
or MTX with membranes has been intensively studied
with the use of various methods including spectroscopic
techniques [11,12,17,18]. The details of drug interactions
with plasma membrane are crucial in the understanding
of their diffusion kinetics. Membrane lipid changes be-
tween sensitive and resistant cells have been described
to be associated with MDR phenotype [3,19]. Plasma
membrane lipid bilayer reveals a dozen of different lipid
species whose distribution is far from homogeneous due
to the presence of microdomains such as lipid raft and
caveolae [20]. Several studies of fluorescence with
TMA-DPH probe have revealed a reduced fluidity of
membrane for resistant cells compared to parental lines
[3,8]. The intracellular accumulation decrease of a cyto-
toxic compound could be due to a slower drug diffusion
across the membrane, depending on the nature of phos-
pholipidic entities and the bilayer structure [1]. Specific
affinities of MTX with membrane components are not
well known. Besides, using electron spin resonance
(ESR) and fluorescence spectroscopy, Marczak et al.
[18] have shown that MTX led to a disturbance in the
structure of membrane lipids and proteins on erythro-
cytes. Thus, MTX may interact with phospholipids or
with the negative charged lipids.

We previously reported that an increase of SERS
intensity could be attributed to an additional adsorption
site for resistant cells, since the difference of 3-fold SERS
intensity between MTX-treated HCT-116 R and S rap-
idly disappeared in a MTX-free medium at 4 �C [12].
These results could correspond to a quick release of
MTX from an unstable adsorption site on the plasma
membrane of resistant cells, exclusively. This study re-
lated the consequences of this additional adsorption site
for HCT-116 R to the lower drug uptake. In a medium
at 4 �C to inhibit BCRP efflux pump, a cellular incuba-
tion in MTX also showed a 2.5-fold lower accumulation
of drug in HCT-116 R compared to its sensitive line.
Drug permeability differences between resistant and sen-
sitive cells should occur in spite of an efflux mechanism.
The source of this permeability difference between both
cell lines remains to be defined. Addition of BA or CF
produced a high decrease of the MTX SERS intensity
for HCT-116 R. The increase of the membrane fluidity
affected only the supplementary adsorption site of
MTX on resistant cells. In addition, the lower intracellu-
lar uptake of MTX in HCT-116 R was widely dependent
on cohesion of the plasma membrane, since BA and CF
disrupted membrane fluidity speeded up MTX flip-flop.
Influx experiments showed that fluidizers increase lar-
gely the intracellular accumulation of MTX in both cell
lines, irrespective of the temperature of medium. Be-
sides, we have already observed BA or CF inhibit the
MTX efflux on HCT-116 R (data not shown). Regev
et al. [13] have described modulating effects of different
membrane fluidizers on Pgp ATPase activity and on
the intracellular concentration of doxorubicin. BA and
CF should change deeply the membrane structure and
drug adsorption of resistant cells. These changes could
favor the intracellular accumulation of MTX both by
increasing the drug uptake and inhibiting the BCRP
efflux pump.

In conclusion, SERS spectroscopy appears as an
informative method for the study of drug binding to
the plasma membrane of living cells. We have revealed
that resistant cells should present a higher drug adsorp-
tion in their plasma membrane concluding to a supple-
mentary binding site of drug. The higher adsorption
on resistant cells could correspond to a change of mem-
brane structure, since membrane permeation disrupts
MTX adsorption on plasma membrane and increases
intracellular uptake of MTX.
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