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ABSTRACT. MDR1 P-glycoprotein in membranes of human tumor cells of the CEM/VBL,y, line was selec-
tively labelled using photoreactive analogs of verapamil, N-(p-azido-3-[*?*I]salicyl)amino-verapamil ([***IJASA-
V) and prazosin, 2-[4-(4-azido-3-['?*I]iodobenzoyl)piperazin-1-yl]4-amino-6,7-dimethoxyyquinazoline
([***IJASA-P). Mefloquine, a quinolinemethanol antimalarial drug, was shown to inhibit the labelling of
P-glycoprotein with an efficiency similar to that for verapamil, a known chemosensitizer. By contrast, chloro-
quine competed poorly for the binding site on P-glycoprotein. Mefloquine also inhibited the functional activity
of P-glycoprotein. It decreased the rates of extrusion of [PH]vinblastine and the fluorescent dyes, fluo-3 aceto-
methoxy ester and rhodamine 123, from drug-resistant cells and decreased the level of resistance of these cells
to vinblastine. The ability of mefloquine to inhibit P-glycoprotein function may be involved in the neurotoxic
side-effects occasionally associated with the use of mefloquine as an antimalarial drug. BIOCHEM PHARMA-
coL 52;10:1545-1552, 1996. Copyright © 1996 Elsevier Science Inc.
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MDRY is a major problem in the chemotherapeutic treat-
ment of cancers. Drug-resistant tumor cell lines, displaying
the MDR phenotype, are characterized by their ability to
extrude a range of structurally unrelated drugs (see Ref. 1
for review). These cells overexpress a 170-kDa membrane
glycoprotein, referred to as MDR1 P-glycoprotein, which is
the product of the mdrl gene [2]. MDR1 P-glycoprotein is
postulated to confer multidrug resistance by acting as an
ATP-dependent drug efflux protein. Studies using the tech-
nique of photoaffinity labelling have demonstrated that a
range of cytotoxic drugs can interact with the P-
glycoprotein substrate-binding sites that reside within
transmembrane domains 6 and 12, adjacent to the ATP-
binding domains [3, 4].

A number of chemosensitizers, including verapamil and
cyclosporin A, are capable of reducing the levels of drug
resistance of rumor cell lines [5-7]. These compounds ap-
pear to inhibit the binding of cytotoxic drugs by binding to
an allosteric site on the MDR1 P-glycoprotein [8, 9]. It has
been suggested that these chemosensitizing agents might be
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used in patients to reduce the P-glycoprotein-mediated re-
sistance of clinical tumors [10, 11].

One group of compounds receiving increasing interest as
potential chemosensitizers is the quinine-related com-
pounds. Quinine, quinacrine, and chloroquine have each
been shown to bind to P-glycoprotein and partially reverse
drug resistance in vitro [12-14]. Indeed, quinine has been
used in preliminary trials, in combination with mitoxan-
trone and aracytine, for the treatment of acute leukemias
[15]. More recently, another quinine analogue, cinchonine,
also has been shown to be an efficient chemosensitizer both
in vitro and in vive {16, 17]. These studies have suggested
that quinine-related compounds of low toxicity may be use-
ful in the clinical treatment of drug-resistant tumors.

Mefloquine, another quinine-related compound, is
widely used to treat chloroquine-resistant strains of the ma-
laria parasite Plasmodium falciparum. Mefloquine is trans-
ported in the circulation bound to serum lipoproteins (Des-
neves et al.),! and partitions into erythrocytes and other
tissue compartments [18], leading to a long half-life in the
body [19, 20]. In this study, we have used the technique of
photoaffinity labelling to examine the ability of mefloquine
to interact with the substrate-binding site on human MDR1
P-glycoprotein. We have found that mefloquine is a potent
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inhibitor of the photoaffinity labelling of P-glycoprotein.
Moreover, mefloquine is shown to be an efficient modula-
tor of the transport activity of P-glycoprotein.

MATERIALS AND METHODS
Cells

The parental human leukemia cell line CCRF-CEM was
derived from lymphoblasts from a patient with acute T-cell
leukemia [21]. A moderate level vinblastine-resistant cell
line, CEM/A7 [22], and a strongly resistant line, CEM/
VBL, oo [23], were derived from this original isolate. CEM/
A7 shows over-expression of the mdrl gene without ampli-
fication of the gene [22], while CEM/VBL, oo has undergone
amplification of the mdrl gene [24]. The two resistant cell
lines were maintained in RPMI 1640 (Gibco, Gaithersburg,
MD, U.S.A.), containing 10% FBS (Gibco), at 37°, in a
humidified CO, incubator, in the presence of 70 ng/mL
doxorubicin (CEM/AT) or 100 ng/mL vinblastine (CEM/
VBL,o) (both from Sigma, St. Louis, MO, U.S.A.), as
described by Zalcberg et al. [25]. The plasma membrane
fraction of the CEM/VBL, o, cells was prepared by differ-
ential centrifugation of cell homogenates, as described by
Peterson et al. [26]. The degree of enrichment of the mem-
brane preparation was monitored by western blot analysis of
the level of P-glycoprotein. The membranes were resus-
pended in PBS, pH 7.5, and stored at —80° until required.

Western Blot Analysis

Proteins were transferred electrophoretically from SDS-
polyacrylamide gels to PVDF-plus membranes (Micron
Separation Inc., Westboro, MA, U.S.A.). The membranes
were probed with the JBS-1 murine monoclonal antibody
to human P-glycoprotein (Stanbio, USA), and reactive
zones were visualized using '2°I-labelled protein A.

Synthesis of N-ASA-V

N-ASA-V was prepared using modifications of the proce-
dures described by Safa [7] and Desneves et al.** This
method minimizes the number of manipulations involving
radiolabelled reagents. A solution of 4-azidosalicylic acid
(1.12 mmol) and 1,1'-carbonyldiimidazole (1.12 mmol)
in dry dioxan (4 mL) was refluxed for 10 min and left
at room temperature for 1 hr. A solution of 5-[(3,4-
dimethoxyphenethyl)methyl-amino]-2-(3,4-dimethoxy-
phenyl)-2-isopropylpentylamine (0.56 mmol) in dry dioxan
(4 mL) was added, the mixture was heated under reflux for
10 min, and then it was stirred overnight at room tempera-
ture. The solvent was removed at reduced pressure, the
residue was dissolved in chloroform (8 mL), washed succes-
sively with 10% sodium bicarbonate (2 x 6 mL), water (2
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x 6 mL), and dried (MgSQy), and the solvent was removed
at reduced pressure. A yellow solid was obtained in close to
quantitative yield. The product was purified by silica gel
chromatography using chloroform:methanol:ammonium
hydroxide (92.5:2.5:5.0, by vol.). ESMS: m/z 620.4 (M + 1).
FTIR:neat (NaCl) 2160 cm™!, indicating the azide group.
TLC (on silica gel G, Merck, Darmstadt, Germany), devel-
oped with a mixture of chloroform:methanol:water (80:20:
3, by vol.), gave an R; value of 0.76, in agreement with
previous data [7].

Preparation of Radioiodinated Photodaffinity Reagents

ASA-V was radioiodinated under reduced light. ASA-V
(0.65 nmol) was dissolved in 10 pL of dimethyl formamide
and mixed with 10 pL of carrier-free Na'®I (1 mCi, 0.5
nmol, Amersham, Buckinghamshire, England) and 10 pL
of chloramine T (2 nmol, Sigma) in acetonitrile/dimethyl
formamide (9:1, v/v). After 10 min at room temperature,
the reaction was quenched with 10 pL of 5% aqueous so-
dium metabisulfite solution. The reaction mixture was ap-
plied to a TLC plate (silica G, Merck) and separated using
chloroform:methanol:warer (90:10:0.3, by vol.). In this sol-
vent system, the radiociodinated ASA-V migrated with an
R; value of 0.72. ['PIJASA-V was visualized by autoradi-
ography and the silica gel band containing the product was
collected and extracted twice with 30 mL of chloroform:
methanol (8:2, v/v). The extract was dried under nitrogen
in siliconized glass tubes and redissolved in DMSO. The
specific activity of the preparation of ['*’[JASA-V used in
this study was estimated to be 750 mCi/pwmol. ['*’TJASA-V
was also synthesized according to Safa [7]. Similar photoat-
finity labelling results were obtained using either prepara-
tion of ['P’IJASA-V.

['Z’T)ASA-P was purchased from Du Pont/NEN (Boston,
MA, U.S.A.). The preparation had a specific activity of
2200 mCi/pmol.

Photoaffinity Labelling of MDR1 P-Glycoprotein

Plasma membrane preparations from CEM/VBL o, cells (50
L, equivalent to approximately 107 cells) in PBS were
mixed with 2 pL (0.5 pCi) of the iodinated photoreactive
ligand in DMSO and incubated under reduced light for 20
min at 37°. The samples were photoactivated by irradiation
with long wavelength ultraviolet light {365 nm, 20°), using
a Mineralight UVGL-58 held 10 cm above the samples.
Incorporation of radiolabel was found to reach a plateau
after approximately 10 min of exposure to ultraviolet light;
thus, a 10-min illumination period was used in all experi-
ments. Following photoactivation, the samples were sub-
jected to SDS-PAGE, and radiolabelled proteins were vi-
sualized by phosphorimage analysis (Molecular Dynamics,
Sunnyvale, CA, U.S.A.). Image analysis was performed us-
ing software contained within the ImageQuant package
(Molecular Dynamics). For competition experiments, me-
floquine (donated by Hoffmann-La Roche, Switzerland),
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FIG. 1. Inhibition of photoaffinity labelling of MDR1 P-
glycoprotein with the prazosin analogue ['?*T]ASA-P, by
verapamil, mefloquine, and chloroquine. A plasma mem-
brane sample (10 pg protein, 50 pL), prepared from the
multidrug-resistant human tumor cell line CEM/VBL,,,
was incubated with ['2°T1JASA-P (0.5 pCi, 5 nM) and ex-
posed to UV illumination either alone (b} or in the presence
of 50 pM verapamil (c), 50 pM mefloquine (d), or 50 pM
chloroquine (e). Samples were subjected to SDS-PAGE
(7.5% acrylamide) and visualized by phosphorimage analy-
sis. The position of the 170-kDa P-glycoprotein is marked
with an arrow head. Lane (a) shows the silver-stained profile
of lane (b). Typical data are presented from experiments
performed on three separate occasions.

chloroquine, prazosin, and verapamil (all for Sigma) were
added from concentrated stocks in DMSO and incubated
with the membrane samples for 15 min at 37°. An equiva-
lent volume of DMSO was added to the control samples.
The photoreactive ligand was added, and the samples were
incubated for a further 20 min at 37° prior to exposure to
ultraviolet light.

Kinetic Studies

The accumulation of [PH]vinblastine (Amersham, 12 Ci/
mmol) into CEM/VBL,, cells was determined as described
by Zalcberg et al. [25]. Approximately 5 x 10 cells were
incubated, at 37°, in RPMI 1640 and 10% FBS, wich
[PH]vinblastine (0.25 p.CifmL, 20 nM)}, in the presence of
increasing concentrations of verapamil or mefloquine. Ali-
quots were removed at intervals and washed twice with
PBS, and the cell-associated radioactivity was determined
by scintillation counting. The accurmulation of PH]vinblas-
tine by cells incubated in the presence of 5 mM deoxycho-
late and 10 mM sodium azide in PBS was used to determine
the level of non-specific binding of the drug.

The accumulation of the fluorescent dye fluo-3 (Molecu-
lar Probes, Bugene, OR, U.S.A.) was performed as described
by Wall et al. [27, 28]. Briefly, a suspension of CEM/A7
cells (approximately 5 x 10° cells) was incubated, at 37°, in
RPMI 1640 and 10% FBS. Fluo-3 was added to a final
concentration of 6 uM from a concentrated stock in
DMSO, and data were collected continuously, using a
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FACscan flow cytometer {Becton Dickinson, Franklin
Lake, NJ, U.S.A.) that had been modified to allow con-
tinuous stirring and thermoregulation at 37°. The fluores-
cence of single viable cells was measured on a linear scale at
530 nm (bandwidth 30 nm) at a rate of 200-1000 cells/sec
for 2 min. Verapamil and mefloquine were added from con-
centrated stocks in ethanol.

The efflux of R123 (Sigma) was assessed using methods
described previously {29, 30]. Briefly, a suspension of CEM/
A7 cells (approximately 5 x 10° cells) was incubated for 30
min, at 37°, in RPMI 1640 and 10% FBS, in the presence
of 4.2 pM R123. Accumulation was confirmed by flow
cytometry, and the cells were washed three times and re-
suspended in RPMI 1640, 10% FBS, containing various
concentrations of verapamil, mefloquine, or diluent con-
trols. The cells were incubated with stirring at 37° for 1 hr
prior to cytometric analysis using a logarithmic scale at 530
nm {30 nm bandwidth). The mean channel fluorescence
was analyzed using the Lysis Il program (Becton Dickin-
son).

Toxicity Studies

The sensitivity of the CEM/VBL 4 cell line to vinblastine,
in the presence and absence of mefloquine or verapamil,
was determined as described by Hu et al. [31]. Briefly, ap-
proximately 10° cells (2 mL) were suspended in 24-well
plates (Flow Laboratories, Switzerland). Verapamil and me-
floquine were added from concentrated stocks in ethanol to
give final concentrations of 0-8 uM. Following incubation
for 24 hr, at 37°, increasing concentrations of vinblastine
were added to the wells. The cells were incubated for a
further 44 hr, and the number of viable cells was deter-
mined using the CellTitre 96 cell proliferation assay (Pro-
mega, Madison, WI, U.S.A.).

RESULTS AND DISCUSSION

In this study, we have examined the ability of mefloquine,
an antimalarial drug, to interact with the substrate-binding
site on human MDRI1 P-glycoprotein. To do this, we have
made use of the observation that P-glycoprotein can be
selectively labelled using a photoreactive analogue of pra-
zosin, [’ IJASA-P [4]. We confirmed that ['**TJASA-P was
incorporated into a 170-kDa polypeptide in membranes of
CEM/VBL, 4 cells (Fig. 1, lanes a and b). The 170-kDa
band co-migrated with a polypeptide identified as MDR1
P-glycoprotein by western blotting (data not shown). Me-
floquine was shown to compete efficiently for the ligand-
binding site on P-glycoprotein (Fig. 1, lane d). The level of
competition in the presence of mefloquine was similar to
that observed for the chemosensitizing agent verapamil
(Fig. 1, lane c). By contrast, chloroquine induced only a
small decrease in the level of labelling (Fig. 1, lane ¢). In
the presence of verapamil, mefloquine, or chloroquine (at
50 uM), the level of incorporation of ['*’IJASA-P was
decreased by 75 + 3, 89 + 3, and 20 + 10%, respectively. It
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should be noted that ['*’I)JASA-P was also incorporated
into a number of lower molecular weight proteins; however,
this labelling was not decreased in the presence of the com-
peting drugs, and is presumably non-specific in nature. A
more extensive analysis of the abilities of mefloquine and
verapamil to compete with ['’I)JASA-P for binding to P-
glycoprotein is shown in Fig. 2ZA. Under the conditions of
this experiment, the concentrations of verapamil and me-
floquine required to achieve 50% inhibition of labelling
were estimated to be 13 and 2 uM, respectively (Fig. 2B).

A photoreactive analogue of verapamil (['*’[JASA-V)
has also been used previously to label MDR1 P-glycoprotein
[7]. We used a modified procedure for the synthesis of
['*’TI)ASA-V, and confirmed that this reagent labels P-
glycoprotein (Fig. 3, lane a). Mefloquine and verapamil
competed efficiently with [***JASA-V for binding to P-
glycoprotein (Fig. 3, lanes b and c), indicating identical or
overlapping binding sites for ['’JASA-V and [**’I]JASA-P.
Photoaffinity-labelling studies do not allow the determina-
tion of precise association constants; however, taken to-
gether, the above data suggest that, under the conditions of
this experiment, mefloquine interacts with P-glycoprotein
with an affinity similar to, or slightly higher than, that for
verapamil.
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To determine whether the binding of mefloquine alters
the transport function of P-glycoprotein, we examined the
ability of mefloquine to modulate the rate of extrusion of
small molecular weight compounds from drug-resistant tu-
mor cells. A number of chemosensitizers have been shown
previously to modulate drug uptake in the P-glycoprotein-
overexpressing line CEM-VBL 4, but not in the parent cell
line CCRF-CEM [22]. We found that CEM/VBL,, cells
efficiently extruded [*H]vinblastine, so that, during a 160-
min incubation period, the drug was accumulated only to
very low levels (Fig. 4). In the presence of 8 wM verapamil,
[PHjvinblastine was accumulated much more extensively
(Fig. 4), in agreement with previous studies [31, 32]. Me-
floquine, at a concentration of 8 uM, appeared to be an
even more potent inhibitor of P-glycoprotein efflux activity
and allowed the rapid accumulation of [*H}vinblastine
(Fig. 4).

The ability of mefloquine to modulate P-glycoprotein
transport activity was also examined in the tumor cell line,
CEM/A7, which displays an increased level of P-
glycoprotein expression without amplification of the mdrl
gene. This cell line is thought to more closely represent the
phenotype of clinical MDR [22]. In the absence of any
modulating agent, the fluorescent dye fluo-3, which is a
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FIG. 2. Quantitative analysis of the inhibition of ['>*IJASA-P photoaffinity labelling of MDR1 P-glycoprotein by meflogquine
and verapamil. (A) A plasma membrane sample (10 pg protein, 50 pL), prepared from CEM/VBL,, cells, was incubated with
[*2%1]ASA-P (0.5 nCi, 5 nM) and exposed to UV illumination either alone (a and b) or in the presence of verapamil at a final
concentration of 0.5 pM (c), 5 pM (e), 50 pM (g), or 500 pM (i) or mefloquine at a final concentration of 0.5 pM {(d), 5 pM
(), 50 pM (h), or 500 pM (j). Samples were subjected to SDS-PAGE (7.5% acrylamide) and visualized by phosphorimage
analysis. The position of the 170-kDa P-glycoprotein is marked with an arrow head. (B) The level of incorporation of
[*2°TJASA-P into P-glycoprotein in the presence of verapamil (A) or mefloquine (M) was analysed using ImageQuant software.
The data presented are typical of experiments performed on three separate occasions.
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FIG. 3. Photoaffinity labelling of MDR1 P-glycoprotein with
the verapamil analogue ['>*I]ASA-V. A plasma membrane
preparation (10 pg protein, 50 pL) of CEM/VBL, o, cells was
incubated with [***TJASA-V (0.5 pCi, 13 nM) and exposed
to UV illumination either alone (a) or in the presence of 130
BM mefloquine (b) or 130 pM verapamil (c). Samples were
subjected to SDS-PAGE (7.5% acrylamide) and visualized
by phosphorimage analysis. The position of the 170-kDa
P-glycoprotein is marked with an arrow head.

substrate for P-glycoprotein, was largely excluded from
these cells (Fig. 5A). In the presence of increasing concen-
trations of verapamil, the linear rate of accumulation of
fluo-3 was enhanced (Fig. 5A). Mefloquine had an even
more dramatic effect on the rate of accumulation of the
fluorescent dye (Fig. 5A). Similarly, when the CEM/A7
cells were loaded with another fluorescent dye, R123, sub-
sequent incubation in the presence of increasing concen-
trations of mefloquine or verapamil inhibited the efflux of
R123 (Fig. 5B).

In addition to these studies on the modulation of uptake
of P-glycoprotein substrates, we examined the ability of
mefloquine to modulate the sensitivity of CEM/VBL, 44
cells to cytotoxic agents. At concentrations up to 16 uM,
the growth of CEM/VBL,, cells was not inhibited by ei-
ther verapamil or mefloquine alone. However, both meflo-
quine and verapamil (at concentrations of 2-8 uM) greatly
increased the sensitivity of CEM/VBL, 4 cells to vinblas-
tine (Fig. 6). In the absence of the sensitizing agents, the
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FIG. 4. Effects of mefloquine and verapamil on accumula-
tion of [*H]vinblastine by CEM/VBL, o, cells. A suspension
of cells (approximately 5 x 10° cells) was incubated, at 37°,
with [*H]vinblastine (0.25 pCi/mL) either alone () or in
the presence of 8 ptM verapamil (A) or 8 pM mefloquine
(M). Aliquots were removed at intervals and washed twice
with PBS, and the cell-associated radioactivity was deter-
mined by scintillation counting. The assays were performed
in triplicate, and the data presented are typical results from
experiments performed on three separate occasions.

CEM/VBL, o, cells were resistant to vinblastine at concen-
trations up to 160 nM. In the presence of 8 pM mefloquine
or verapamil, cell growth was inhibited 50% at vinblastine
concentrations of 3.2 and 14 nM, respectively. The precise
concentration at which the drugs modulate P-glycoprotein
function is likely to depend on the conditions of the ex-
periments; however, the data indicate that, under the con-
ditions of the present conditions, mefloquine is a very po-
tent modulator of drug sensitivity.

It has been proposed that quinine and cinchonine,
quinoline-containing compounds, could be used in combi-
nation with cytotoxic drugs in the treatment of tumors, in
a bid to prevent or reverse clinical multidrug resistance [16].
The data from this study indicate that mefloquine could
also potentially be administered in conjunction with an
anti-cancer drug in an effort to increase the potency of the
cytotoxic agent. The side-effects of mefloquine administra-
tion are relatively mild, even at serum concentrations of
1-10 uM [19, 20]. However, extreme caution needs to be
exercised in the development of this type of strategy.
MDR1 P-glycoprotein is expressed in a number of locations,
including the endothelial cells of the blood-brain barrier
[33] and the blood—testes barrier [34]. The P-glycoprotein
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FIG. 5. Effects of mefloquine and verapamil on the rate of
extrusion of fluorescent dyes by CEM/A7 cells. (A) A sus-
pension of cells (approximately 5 x 10° cells) was incubated
at 37° with 6 pM fluo-3 in the presence of increasing con-
centrations of verapamil (A) or mefloquine (H). The rate of
fluo-3 accumulation (mean channel fluorescence per sec-
ond) was determined using the kinetic software Chronys on
a FACscan flow cytometer. Inset: Representative data used
for the determination of the rate of fluo-3 accumulation.
The mean channel fluorescence was monitored as a func-
tion of time in the absence (4 ) of any modulator or in the
presence of 20 pM verapamil (A) or 12 pM mefloquine (W).
(B) A suspension of cells (approximately 5 x 10° cells) was
incubated at 37° for 30 min with 4.2 pM R123, then washed,
and incubated for 1 hr in the presence of increasing con-
centrations of verapamil (A) or mefloquine (l). The level
of R123 that remained associated with the cells {(mean chan-
nel fluorescence) was assessed by flow cytometry. The data
presented are typical results from experiments performed on
two separate occasions.

transport function may play an important physiological role
in protecting these organs against the accumulation of toxic
compounds [33, 35]. Inhibition of P-glycoprotein function
in vivo by chemosensitizers, such as verapamil and cyclo-
sporin, has been shown to increase the toxic side-effects of
drugs such as daunorubicin and doxorubicin (see Ref. 10 for
review) and to allow P-glycoprotein substrates to cross the
blood-brain barrier [36]. Furthermore, recent “knockout”
experiments produced mice that were homozygous for a
defective gene for the brain-associated murine P-
glycoprotein, mdrla (—/-). These mice were extremely sus-
ceptible to the neurotoxic drug ivermectin [35]. Thus,
major complications could arise due to inhibition of the
physiological detoxification role of MDR1 P-glycoprotein
at the blood—tissue barriers.

The ability of mefloquine to inhibit the transport activity
of MDR1 P-glycoprotein may also have important implica-
tions in the use of this drug as an antimalarial agent. The
use of mefloquine as a prophylactic or curative antimalarial
drug has been associated with relatively frequent reports of
mild central nervous system toxicity. Administration of
mefloquine can result in symptoms of confusion, dizziness,
and dysphoria, and occasionally in severe neuropsychiatric
effects [37-41]. While these occasional side-effects are con-
sidered acceptable during the treatment of life-threatening
severe malaria, they have compromised the usefulness of
mefloquine as a prophylactic drug. For example, mefloquine
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FIG. 6. Effects of mefloquine and verapamil on vinblastine
toxicity in CEM/VBL,, cells. Cells (2 mL, approximately
10° cells) were cultured for 24 hr in the presence of meflo-
quine (A) or verapamil (B) at concentrations of 0 pM (A),
2 pM (), 4 pM (¢), or 8 pM (O ). Vinblastine was added
and the cells were incubated for a further 44 hr. The num-
ber of viable cells was determined using a dye exclusion
assay (see Materials and Methods). The assays were per-
formed in triplicate, and the data presented are typical re-
sults from experiments performed on three separate occa-
sions.

is contraindicated for patients with a history of convulsions
or psychiatric disorders [42]. The data from our studies in-
dicate that serum levels of mefloquine of 1-10 uM would
be sufficient to modulate MDR1 P-glycoprotein function.
As a consequence, mefloquine could cross the blood-brain
barrier and exert a mild neurotoxic effect itself, or exacer-
bate the toxicity of other compounds encountered concur-
rently. For example, the insect repellent compound, N,N-
diethyl-m-toluamide (DEET), which has been shown to be
neurotoxic in some individuals [43], is likely to be used in
conjunction with mefloquine.

In conclusion, our studies indicate that mefloquine is a
potent inhibitor of the function of human MDRI1 P-
glycoprotein. Accordingly, mefloquine may deserve further
attention as a candidate for use in the reversal of clinical
multidrug resistance. Given that chloroquine, which binds
only poorly to P-glycoprotein, has minimal neurologic side-
effects, the ability of mefloquine to inhibit P-glycoprotein
function may be involved in the neurotoxic side-effects
occasionally associated with the use of mefloquine as an
antimalarial drug.

We thank Hoffmann-La Roche for the gift of mefloquine. This work
was supported by the National Health and Medical Research Council,
Australia.
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