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The sulphonylurea glibenclamide inhibits multidrug resistance
protein (MRP1) activity in human lung cancer cells
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1 Glibenclamide, a sulphonylurea widely used for the treatment of non-insulin-dependent diabetes
mellitus, has been shown to inhibit the activities of various ATP-binding cassette (ABC)
transporters. In the present study, its effects towards multidrug resistance protein 1 (MRP1), an
ABC efflux pump conferring multidrug resistance and handling organic anions, were investigated.
2 Intracellular accumulation of calcein, an anionic dye substrate for MRP1, was strongly increased
by glibenclamide in a dose-dependent manner in MRPI1-overexpressing lung tumour GLC4/Sb30
cells through inhibition of MRPI-related calcein efflux. By contrast, glibenclamide did not alter
calcein levels in parental control GLC4 cells. Another sulphonylurea, tolbutamide, was however
without effect on calcein accumulation in both GLC4/Sb30 and GLC4 cells.

3 Glibenclamide used at 12.5 uM was, moreover, found to strongly enhance the sensitivity of
GLC4/Sb30 cells towards vincristine, an anticancer drug handled by MRPI.

4 Efflux of carboxy-2',7-dichlorofluorescein, an anionic dye handled by the ABC transporter
MRP2 sharing numerous substrates with MRP1 and expressed at high levels in liver, was also
strongly inhibited by glibenclamide in isolated rat hepatocytes.

5 In summary, glibenclamide reversed MRP1-mediated drug resistance likely through inhibiting
MRPI activity and blocked organic anion efflux from MRP2-expressing hepatocytes. Such effects
associated with the known inhibitory properties of glibenclamide towards various others ABC

proteins suggest that this sulphonylurea is a general inhibitor of ABC transporters.
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Introduction

Glibenclamide is a second-generation sulphonylurea which is
commonly used for the treatment of non-insulin-dependent
diabetes mellitus. Glibenclamide binds to the sulphonylurea
receptor (SURI1) expressed by pancreatic fS-cells and it
subsequently blocks ATP-sensitive potassium channels, lead-
ing to the release of insulin (Babenko et al., 1998). SURI
belongs to the ATP-binding cassette (ABC) protein super-
family that comprises other members involved in membrane
transport of ions such as ABCI1 also involved in cholesterol
metabolism (Becq et al., 1997, Ordovas, 2000) and cystic
fibrosis transmembrane conductance regulator (CFTR) acting
as a chloride channel (Riordan, 1993). The ABC protein
superfamily also includes a biliary acid transporter termed
bile salt export pump (BSEP) (Gerloff ez al., 1998) and the
efflux pump P-glycoprotein (P-gp) known to confer resistance
to a wide range of structurally unrelated anticancer drugs
(Ambudkar ez al., 1999). Glibenclamide has been recently
shown to be a potent inhibitor of CFTR and ABCI
(Sheppard & Robinson, 1997; Hamon et al., 1997); this
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agent also inhibits BSEP activity (Stieger et al., 2000) and
blocks P-gp-mediated transport (Golstein ez al., 1999). Such
data therefore favour the idea that glibenclamide may be a
general inhibitor of ABC transporters.

Multidrug resistance proteins (MRPs) constitute an ABC
transporter subfamily recently identified and containing at
least six members (Borst et al., 1999). MRP1 was the first
member described; it is a 190 kDa membrane protein
mediating cellular export of various anticancer drugs
including anthracyclines and vincristine (Lautier etz al.,
1996). Overexpression of MRP1, like that of P-gp, therefore
confers multidrug resistance to tumour cells (Borst er al.,
1999). Although the spectrum of resistance linked to MRP1 is
closed to that related to P-gp, some differences have been
reported. Indeed, paclitaxel is handled by P-gp but not by
MRPI1 whereas the latter pump, unlike the former, mediates
the outwardly-directed transport of some heavy metals such
as antimony (Vernhet er al, 1999) and of anionic
compounds, including glutathione S-conjugates. Such anionic
agents are also substrates for MRP2, a member of the MRP
family predominantly expressed at the biliary pole of
hepatocytes (Paulusma et al., 1996).
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Several compounds have been shown to inhibit MRP1 and
also, at least for some of them, MRP2 activity (Norman,
1998; Chen et al., 1999). Such agents, termed modulators or
reversing agents, are likely important to identify, especially
since they can sensitize cancerous cells to chemotherapeutic
drugs by increasing intracellular drug accumulation through
inhibition of cellular efflux. Similarly, various drugs inhibiting
P-gp activity have been described and some of them have
now entered clinical trials (Bradshaw & Arceci, 1998). Some
P-gp modulators, such as the antiprogestatin compound
RU486 and the antituberculosis compound rifampicin, also
block MRP1 activity (Payen et al., 1999b; Courtois et al.,
1999). In the present study, in order to identify new blockers
of MRPI1 activity and owing to the general inhibitory
properties of glibenclamide towards ABC transporters
including P-gp, we have investigated the effects of this
sulphonylurea on MRP1-mediated transport in human lung
cancer cells. We present evidence that glibenclamide can most
likely block MRP1 activity and appears therefore as a general
inhibitor of multidrug resistance efflux pumps.

Methods
Chemicals

Glibenclamide, tolbutamide, vincristine, potassium antimony
tartrate (PAT) and probenecid were purchased from Sigma
Chemical Co. (St. Louis, MO, U.S.A.). Calcein acetoxy-
methyl ester (calcein AM) and carboxy-2',7'-dichlorofluor-
escein (CF) diacetate were provided by Molecular Probes
(Eugene, OR, U.S.A) whereas [*H] vincristine (7.9 Ci
mmol~') was obtained from Amersham (Les Ulis, France).

Cell culture

The human lung cancer cell line GLC4 (kindly provided by
Dr E.G.E. de Vries,) and its antimony-resistant subline
GLC4/Sb30 (obtained by step-wise selection with antimony
in our laboratory) were cultured in RPMI medium
supplemented with 10% foetal calf serum at 37°C in a 5%
CO, atmosphere. GLC4/Sb30 cells overexpress MRP1 but
not P-gp and are cross-resistant to anticancer drugs such as
doxorubicin and vincristine when compared to parental
GLC4 cells (Vernhet et al., 1999); they were routinely
maintained in the presence of 30 ug ml~' PAT, which was,
however, withdrawn for at least 3 days before the use of the
cells for experiments.

Hepatocytes from adult male Sprague Dawley rats
weighing 180-200 g were isolated by liver perfusion as
previously described (Fardel ez al., 1992) except that liberase
was used instead of collagenase. Hepatocytes were then
maintained at 37°C in suspension in a defined medium
containing (mM) NaCl 136, KCl 5.3, KH,PO, 1.1, MgSO,
0.8, CaCl, 1.8, glucose 11 and HEPES 10 and adjusted to
pH 7.4.

Calcein accumulation and efflux assays
Calcein is an anionic fluorescent probe substrate for MRP1

(Hollo et al., 1996) and possibly for MRP2 (Evers et al.,
2000) whereas it is handled by P-gp only under its esterified

form calcein AM (Homolya et al., 1993). Analysis of calcein
cellular accumulation and efflux has however been shown to
permit evaluation of MRPI1 activity in MRP1-positive cells
that do not overexpress other multidrug resistance transpor-
ter (Feller er al., 1995; Versantvoort et al., 1995).

For calcein accumulation experiments, GLC4 and GLC4/
Sb30 cells were incubated with 0.5 uM calcein AM for
90 min in the absence or presence of glibenclamide,
tolbutamide or probenecid. The non-fluorescent esterified
form calcein AM freely diffuses into the cells where it is
cleaved by intracellular esterases to give the fluorescent
anionic dye calcein (Haugland, 1996) which can be exported
out of the cells through MRP1 activity (Feller et al., 1995).
Cells were then washed three times with ice-cold phosphate-
buffered saline (PBS) and lysed in distilled water by
ultrasonication. Amounts of intracellular calcein were next
determined by fluorimetry using a Spectra Max Gemini
spectrofluorimeter (Molecular Devices, Sunnyvale, CA,
U.S.A.); excitation and emission wavelengths were 485 nm
and 538 nm, respectively. An aliquot of cell lysate was used
in parallel to determine cellular protein content by the Bio-
Rad assay (Bradford, 1976). Results were expressed as
fluorescence arbitrary units after normalization to cellular
protein content.

For calcein efflux assays, calcein-preloaded cells were
incubated in calcein AM-free medium for 90 min in the
absence or presence of glibenclamide. Cells were then washed
three times with PBS and intracellular calcein retained was
then determined by fluorimetry as described above. Results
were expressed as percentages of initial calcein staining.

CF efflux studies

CF is an anionic fluorescent probe substrate for MRP1 and
MRP2 (Kitmura et al., 1990; Laupeze et al., 1999). Its
cellular efflux from hepatocytes has however been postulated
to be related rather to MRP2 activity; indeed, hepatocytes
display very low, if any, expression of MRP1 whereas they
highly express MRP2, thus making negligible the role of
MRP1 in CF secretion out of such cells (Payen et al., 2000).

Freshly isolated rat hepatocytes were first loaded with
4 uMm CF diacetate for 30 min. This non-fluorescent esterified
form of CF freely diffuses into cells where it is cleaved by
intracellular esterases to give the fluorescent anionic dye CF
(Haugland, 1996) which can be exported out of cells
through MRP2 activity (Kitmura et al, 1990). After
washing with ice-cold PBS, isolated hepatocytes were re-
incubated in CF diacetate-free medium in the presence or
absence of glibenclamide, tolbutamide or probenecid. Cells
were then washed three times with PBS and intracellular CF
retained was then determined by fluorimetry as described
above. Results were expressed as percentages of initial CF
staining.

Intracellular vincristine accumulation

GLC4 and GLC4/Sb30 cells were incubated with 20 nm [*H]-
vincristine for 90 min in the presence or absence of
glibenclamide. Cells were then washed three times with ice-
cold PBS and lysed in 0.1 M NaOH. Radioactivity in cell
extracts was then determined by scintillation counting and
normalized to cellular protein content.
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Drug-sensitivity assays

The effects of cytotoxic compounds on GLC4 and GLC4/
Sb30 cell proliferation was evaluated using the 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide
(MTT) assay as previously described (Carmichael et al.,
1987). Briefly, cells were cultured with various concentrations
of vincristine or PAT for 96 h in the presence or absence of
12.5 uMm glibenclamide in 96-well microplates. 100 ul of a
1 mg ml=! MTT solution was then added to each well for
120 min. The medium was next discarded and replaced by
100 pl of dimethyl sulphoxide. The blue formazan product
formed was further quantified by its absorbance at 540 nm
using a Titertek Multiskan MCC/340 (Flow Laboratories,
Puteaux, France). Growth inhibition was evaluated as 1Csy,
i.e. the drug concentration providing a 50% reduction in
absorbance as compared to controls cultured in parallel
without cytotoxic compound.

RNA isolation and analysis

Total RNA was extrated from GLC4 and GLC4/Sb30 cells
and from isolated hepatocytes by a guanidinium-thiocyanate/
cesium chloride method (Chirgwin et al., 1979). RNA (10 ug)
was subjected to electrophoresis in a denaturing formalde-
hyde/agarose gel and transferred onto Hybond-N* sheets
(Amersham). The sheets were then hybridized with human or
rat MRP1 and MRP2 cDNA probes as previously described
(Payen et al., 1999a; 2000), washed, dried and autoradio-
graphed at —80°C. Equal gel loading and efficiency of
transfer were checked using an 18S rRNA probe.

Statistical analysis

Data were analysed by the student’s #-test or by two-way
ANOVA followed by a Dunnett’s test. The criterion of
significance was P<0.05.

Results

The GLC4/Sb30 and GLC4 cells used in the study were
firstly characterized with respect to expression of MRP1 and
MRP2 transporters. In agreement with previous immuno-
blotting data (Vernhet et al., 1999), GLC4/Sb30 cells were
found to display a marked MRP1 gene overexpression when
compared to GLC4 cells (Figure 1). By contrast, MRP2 gene
expression was not detected in both GLC4 and GLC4/Sb30
cells whereas it was clearly found in isolated human
hepatocytes used here as positive controls (Figure 1).

The effects of several concentrations of glibenclamide on
the accumulation of the MRP1 substrate calcein were then
investigated in GLC4/Sb30 cells and in their parental
counterparts GLC4 cells. As indicated in Figure 2, the
sulphonylurea increased calcein levels in GLC4/Sb30 cells in
a dose-dependent manner. The effect of the sulphonylurea
started for a concentration of 3.12 uM and the use of higher
concentrations (50—100 pM) allowed to increase calcein levels
by approximately 4 fold and thus to reach the dye levels
observed in parental GLC4 cells. By contrast, lower doses of
glibenclamide (0.39—1.56 uM) were found to have no effect
(Figure 2). None of the glibenclamide concentrations tested
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Figure 1 MRPI and MRP2 gene expression in GLC4/Sb30 and
GLC4 cells and in isolated hepatocytes. Each well contains 10 ug
total RNA isolated from GLC4 and GLC4/Sb30 cells, from rat and
human hepatocytes and from MRPI-overexpressing rat hepatoma
HTC cells. RNA was transferred onto Hybond-N™ sheets and
hybridized with MRP1, MRP2 and 18S probes.

over the 90-min incubation period affected cell viability as
assessed by MTT assays and determination of cellular protein
content (data not shown). In contrast to GLC4/Sb30 cells,
GLC4 cells showed no or only minimal alteration in calcein-
related fluorescence in response to glibenclamide used at 25,
50 or 100 um (Figure 2).

Glibenclamide was then compared to tolbutamide, another
sulphonylurea interacting with SURI, and to probenecid,
used here as a reference compound inhibiting activity of
MRP proteins (Bakos et al., 2000), with respect to their
effects on calcein accumulation in GLC4/Sb30 cells. As
shown in Figure 3, 50 uMm glibenclamide and 5 mMm
probenecid enhanced cellular dye accumulation in the
MRP1-overexpressing cells in a similar manner. By contrast,
tolbutamide used at 500 uM failed to alter cellular levels of
calcein (Figure 3).

Efflux experiments were thereafter performed in order to
establish whether glibenclamide-related changes in calcein
accumulation in GLC4/Sb30 cells were due to down-
modulation of the cellular export of the dye. As indicated
in Figure 4, GLC4/Sb30 cells poorly retained calcein when
compared to their parental GLC4 cells and such a loss of dye
was found to be strongly inhibited by glibenclamide. By
contrast, the sulphonylurea did not, or only marginally, alter
calcein retention in GLC4 cells.

To determine whether glibenclamide may alter cellular
retention of MRPI substrates distinct from calcein, intracel-
lular accumulation of the anticancer drug vincristine was
further determined in the presence or absence of the
sulphonylurea. As shown in Figure 5, glibenclamide was
found to strongly enhance vincristine accumulation in GLC4/
Sb30 cells whereas it had no effect in GLC4 cells. Cellular
amounts of the anticancer drug were therefore similar in
glibenclamide-treated GLC4/Sb30 cells and in GLC4 cells
whereas the resistant cells poorly accumulated vincristine in
the absence of the sulphonylurea when compared to their
parental drug-sensitive cells (Figure 5).

The effects of prolonged glibenclamide exposure (96 h) on
cell proliferation were then monitored using the MTT assay.
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Figure 2 Effects of various concentrations of glibenclamide on calcein accumulation in drug-resistant GLC4/Sb30 and drug-
sensitive GLC4 cells. Cells were incubated with 0.5 um calcein AM in the presence of various concentrations of glibenclamide (from
0 to 100 um). Intracellular calcein accumulation was then determined by fluorimetry. The values are expressed as fluorescence
arbitrary units (FAU) normalized to protein content and are the mean+s.d.mean of at least three independent experiments in
triplicate. *P<0.05 when compared to cells not treated by glibenclamide.
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Figure 3 Effect of glibenclamide, tolbutamide and probenecid on
calcein accumulation in MRPI-overexpressing GLC4/Sb30 cells.
Cells were incubated with 0.5 um calcein AM in the absence or
presence of 50 um glibenclamide, 500 uM tolbutamide or 5 mm
probenecid. Intracellular calcein accumulation was then determined
by fluorimetry. The values are expressed as fluorescence arbitrary
units (FAU) normalized to protein content and are the meanz+
s.d.mean of at least three independent experiments in triplicate.
*P<0.05 when compared to control cells.

Glibenclamide ICs, values were found to be 26+9 uMm (n="7)
and 22+4 uM (n=7) for GLC4/Sb30 cells and GLC4 cells,
respectively. Interestingly, the dose of 12.5 uM, active on
MRPI-mediated transport of calcein (Figure 2), was found to
not alter growth of both GLC4/Sb30 cells and GLC4 cells
and it was further retained for reversing experiments. In such
assays, glibenclamide was evidenced to down-modulate
resistance of GLC4/Sb30 cells towards PAT and vincristine.
Indeed, PAT and vincristine 1Csq values for GLC4/Sb30 cells
in the presence of glibenclamide were reduced by 10.5 and 5.5
fold, respectively (Table 1). By contrast, the sulphonylurea
did not alter the cytotoxicity of PAT and vincristine towards
GLC4 cells.

Finally, we examined the effect of glibenclamide on CF
efflux from freshly isolated rat hepatocytes. As previously
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Figure 4 Effect of glibenclamide on calcein retention in GLC4/Sb30
and GLC4 cells. Calcein-loaded cells were incubated in calcein AM-
free medium for 90 min in the absence or presence of 50 um
glibenclamide. Intracellular retained calcein was then determined by
fluorimetry and expressed as per cent of initial dye staining. The
values are the mean+s.d.mean of at least three independent
experiments in triplicate. *P<0.05 when compared to cells not
treated by glibenclamide.

reported (Paulusma er al., 1996; Keppler & Konig, 1997,
Kauffmann et al., 1997), such cells were found to express
MRP2 mRNAs, whereas they displayed no or only a very
low MRP1 gene expression in contrast to MRPIl-over-
expressing rat hepatoma HTC cells (Figure 1). As indicated
in Figure 6, 50 uM glibenclamide was shown to markedly
enhance cellular retention of the anionic dye in hepato-
cytes; in a similar manner, probenecid, recently found to
interact with MRP2 activity (Bakos et al., 2000), increased
CF levels, whereas tolbutamide wused at 500 uM was
uneffective.

British Journal of Pharmacology vol 132 (3)
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Discussion

Previous studies have shown that the sulphonylurea glib-
enclamide blocks activity of numerous ABC transporters,
including the P-gp multidrug transporter involved in anti-
cancer drug resistance (Golstein et al., 1999). The results
reported in the present study demonstrated that glibencla-
mide also inhibits activity of MRPI1, another ABC
transporter conferring multidrug resistance. Indeed, the
sulphonylurea was shown to increase intracellular accumula-
tion of calcein and vincristine, two known substrates of
MRPI, in MRP1-overexpressing GLC4/Sb30 cells. Such an
effect was most likely related to inhibition of MRP1-mediated
drug efflux since glibenclamide was demonstrated to down-
modulate calcein export out of GLC4/Sb30 cells and since
GLC4/Sb30 cells have been found to overexpress neither
MRP2 nor P-gp (Vernhet et al., 1999), thus discarding a role
for a putative glibenclamide-related inhibition of these ABC
transporters in such cells. It is also noteworthy that GLC4/
Sb30 cells failed to display increased MRP3 or MRPS5 gene
expression when compared to parental GLC4 cells (Vernhet
et al., unpublished data). In addition, glibenclamide strongly
decreased resistance of GLC4/Sb30 cells towards compounds
known to be handled by MRP1 such as vincristine and PAT
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Figure 5 Effect of glibenclamide on [*H]-vincristine accumulation in
GLC4/Sb30 and GLC4 cells. Cells were incubated with 20 nm [*H]-
vincristine for 90 min in the presence or absence of 50 um
glibenclamide. Intracellular [*H]-vincristine accumulation was then
determined by scintillation counting. The values are the mean+
s.d.mean of at least three independent experiments in triplicate.
*P<0.05 when compared to cells not treated by glibenclamide.

as demonstrated by MTT assays. By contrast, glibenclamide
did not obviously alter calcein and vincristine accumulation
in parental GLC4 cells; it also did not alter sensitivities of
such cells towards PAT and vincristine. Such data likely
indicate that the effects of the sulphonylurea in GLC4/Sb30
cells are linked to the MRP1 overexpression displayed by
these cells. This conclusion is moreover supported by the fact
that glibenclamide also blocked calcein efflux from other
MRPI-overexpressing cells such as MRP2-negative GLC4/
ADR cells generated by stepwise selection with doxorubicin
(Zaman et al., 1993; Kool et al., 1997) and HL60/130 cells
obtained by treatment with vincristine (Lehne ez al., 1999)
(data not shown).

In addition to blocking MRP1 activity, glibenclamide was
demonstrated to markedly inhibit efflux of the anionic dye
CF from freshly isolated rat hepatocytes. Such cells were
found to express at high levels MRP2 that handles CF
(Kitmura et al., 1990). MRP1 has also been recently shown
to transport CF (Laupeze et al., 1999); however, isolated
hepatocytes were demonstrated to display no, or only very
low, MRP1 gene expression, in agreement with previous
reports (Kauffmann ez al., 1997). This makes unlikely a major
role of MRPI in CF efflux in such liver cells; this conclusion
is fully supported by the absence of CF secretion from
hepatocytes of mutant TR- rats lacking MRP2 expression
(Kitmura et al., 1990). In addition, rat hepatocytes have been
demonstrated to not, or only very poorly, express the MRP
transporter MRP3 (Hirohashi et al., 1998). Taken together,
these data strongly support the conclusion that glibenclamide
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Figure 6 Effect of glibenclamide on CF efflux from isolated rat
hepatocytes CF-loaded isolated rat hepatocytes were incubated in CF
diacetate-free medium in the presence or absence of 50 uMm
glibenclamide, 500 um tolbutamide or 5 mM probenecid for 90 min.
Intracellular retained CF was then determined by fluorimetry and
expressed as per cent of initial dye staining. The values are the
mean+s.d.mean of at least three independent experiments in
triplicate. *P<0.05 when compared to cells not treated by
glibenclamide.

Table 1 Effects of glibenclamide on PAT and vincristine cytotoxicity

PAT ICsy (ug ml™")

Vincristine ICsy (ng ml—?)

Cells Control + Glibenclamide Control + Glibenclamide
GLC4/Sb30 29.6+3.1 2.840.4 (10.5)* 33+1.5 0.6+0.3 (5.5)*
GLC4 0.9+0.5 0.840.5 (1.1) 0.240.1 0.240.1 (1)

The values of potassium antimonyl tartrate (PAT) and vincristine ICsy were determined in the absence or in the presence of 12.5 um
glibenclamide using the MTT assay and are the means+s.d.mean of at least three independent experiments. Numbers in parentheses
indicate the sensitization factor, i.e. the ratio of the ICsy in the absence of glibenclamide versus the ICsy in the presence of

glibenclamide. * P <0.05 when compared to control.

British Journal of Pharmacology vol 132 (3)
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may inhibit CF efflux from rat hepatocytes through blocking
MRP2 activity and may therefore be included in the
compounds such as cyclosporin A and the leukotriene
receptor antagonist MKS571 that down-regulate both
MRPI1- and MRP2-mediated drug transports (Chen er al.,
1999). Interestingly, we have recently found that glibencla-
mide down-modulates CF efflux from primary human
hepatocytes, thus suggesting that the sulphonylurea likely
also interacts with MRP2 in such human cells (Payen et al.,
2000).

The mechanism by which glibenclamide inhibits MRP1 and
MRP2 activity remains to determine. The fact that
tolbutamide used at 500 uM failed to alter both calcein
accumulation in GLC4/Sb30 cells and CF efflux from rat
hepatocytes argues against a general inhibitory effect of
sulphonylureas and suggests that structural features restricted
to glibenclamide may be required to block MRPI1- and
MRP2-mediated transport. Sensitivities of GLC4/Sb30 and
GLC4 cells towards glibenclamide were quite similar as
assessed by MTT assays, suggesting that glibenclamide is not,
or only poorly, transported by MRP1. Such data therefore
likely indicate that glibenclamide-mediated inhibition of
MRPI1-related drug efflux is not due to a competitive process
between substrates for the ABC transporter. It is possible,
however, that glibenclamide may bind to the efflux pump
without being effluxed and subsequently block its activity. In
this context, it is noteworthy that the sulphonylurea has
already been reported to interfere with drug binding sites of
P-gp as demonstrated by photoaffinity-labelling experiments
of this pump (Golstein et al., 1999). Similarly, a high affinity
binding site for glibenclamide has been localized on SURI1
(Ashfield et al., 1999). Further studies are required to validate
or not the direct interaction of glibenclamide with MRP1
and/or MRP2 and to identify the incriminated regions of the
pumps.

As for many modulators of drug efflux pumps, the
concentrations of glibenclamide that inhibit MRP1 activity,
namely 3.12—100 puM, appear to be rather higher than those
usually achievable in patients without adverse effects. In
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particular, the 12.5 uM concentration of glibenclamide used
in the present study in reversing experiments is higher than
plasma concentrations usually observed in patients; indeed,
such therapeutic concentrations which have hypoglycaemic
effects do not overrun 1 uM (Rydberg et al., 1997). These
data most likely preclude the clinical use of glibenclamide as
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derivatives blocking MRP1-mediated transport and devoid
of hypoglycaemic properties may however be interesting to
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function potentially acting without inducing toxic effects.
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