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Abstract
Rationale The multidrug resistance transporter, P-glyco-
protein (P-gp), is involved in efflux transport of several
antipsychotics in the blood–brain barrier (BBB).
Objectives In the present study, we evaluated the inhibitory
effect of the antipsychotics, i.e., risperidone, olanzapine,
quetiapine, clozapine, haloperidol, chlorpromazine, a major
metabolite of risperidone, 9-OH-risperidone, and a positive
control inhibitor, PSC833, on the cellular uptake of a
prototypic substrate of P-gp, rhodamine (Rhd) 123, in LLC-
PK1 and L-MDR1 cells.
Materials and methods After incubation of the antipsy-
chotics (1–100 μM) and the positive (10 μM PSC833) or
negative (1% dimethyl sulfoxide) controls with 5 μM Rhd
123 for 1 h, the effects of the antipsychotics on the
intracellular accumulation of Rhd 123 were examined using
a flow cytometric method.
Results All the antipsychotics showed various degrees of
inhibitory effects on P-gp activity. The rank order of the
concentration of inhibitor to cause 50% of the maximal
increment of intracellular Rhd 123 fluorescence (EC50)
was: PSC833 (0.5 μM) < olanzapine (3.9 μM) < chlor-

promazine (5.8 μM) < risperidone (6.6 μM) < haloperidol
(9.1 μM) < quetiapine (9.8 μM) < 9-OH-risperidone
(12.5 μM) < clozapine (30 μM). Considering that the
antipsychotics’ plasma concentrations are generally lower
than 1 μM, the present results suggest that olanzapine and
risperidone are the only agents that may inhibit P-gp
activity in the BBB. However, most of the antipsychotics
are extensively accumulated in tissues. In addition, when
given orally, the drug concentrations in the gastrointestinal
tract are likely to be high.
Conclusions Pharmacokinetic interactions due to inhibition
of P-gp activity by the antipsychotics appear possible and
warrant further investigation.

Keywords P-glycoprotein . Antipsychotics

Abbreviations
AAPs atypical antipsychotics
BBB blood–brain barrier
CNS central nervous system
EC50 the concentration of inhibitor to cause 50% of the

maximal increment of intracellular fluorescence
ΔF median fluorescence
I the percentage of inhibition of P-gp activity
P-gp P-glycoprotein
DMEM Dulbecco’s modified eagle medium
Rhd 123 Rhodamine 123

The ABCB1 transporter encoding for P-glycoprotein (P-gp)
confers a multidrug resistance phenotype to some cancer
cells that become resistant to chemotherapy (Riordan et al.
1985; Roninson et al. 1986). In addition to expression in
tumor cells, P-gp is also localized in a variety of normal
human tissues including the apical membranes of the
gastrointestinal tract, the biliary canalicular membranes of
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hepatocytes, the luminal membranes of proximal tubular
epithelial cells in the kidney, and the plasma membranes of
brain capillary endothelial cells forming blood–brain barrier
(BBB). P-gp in these tissues functions as a drug efflux
pump greatly affecting substrate absorption, distribution,
and excretion (Ayrton and Morgan 2001). In the intestine
and brain, the role of P-gp is extruding drugs from entering
into the systemic circulation and the central nervous system
(CNS), thereby significantly attenuating drug bioavailabil-
ity and brain penetration. Modulation of P-gp function by
P-gp inhibitors or inducers was associated with clinically
significant drug–drug interactions (Ayrton and Morgan
2001). Drug–drug interactions resulting from inhibition of
P-gp in the gastrointestinal tract have been observed with
P-gp inhibitors such as ketoconazole (Kageyama et al.
2005), clarithromycin (Tanaka et al. 2003), verapamil
(Pedersen et al. 1983a; Verschraagen et al. 1999), quinidine
(Dahlqvist et al. 1980; Pedersen et al. 1983b; Angelin et al.
1987), and itraconazole (Partanen et al. 1996; Jalava et al.
1997). Clinically significant drug–drug interactions at the
BBB have been difficult to demonstrate when we rely on
pharmacodynamic and toxicodynamic changes. However,
one example is a clinically significant interaction between
quinidine and loperamide. The resultant respiratory depres-
sion, a CNS adverse effect after combined treatment of
loperamide and quinidine, was attributed to the significant
increase of CNS concentrations of loperamide through
inhibition of P-gp function in BBB by quinidine (Sadeque
et al. 2000).

The atypical antipsychotic agents, i.e., risperidone,
olanzapine, quetiapine, and clozapine, are widely used for
patients with severe psychotic disorders. In our previous
ATPase studies using recombinant P-gp membranes, we
have confirmed that several atypical antipsychotics (AAPs),
i.e., quetiapine, risperidone, and olanzapine, showed high
binding affinities for P-gp (Boulton et al. 2002). In
subsequent P-gp knockout mouse experiments, we further
confirmed that the brain penetration of risperidone, a major
pharmacologically active metabolite of risperidone, 9-OH-
risperidone, and olanzapine are greatly limited by P-gp in
the BBB (Wang et al. 2004a,b). However, these studies did
not address whether the antipsychotics can inhibit the
function of P-gp, but determined their status as substrates.

Despite being well-recognized as having a fairly low
propensity for causing cytochrome P450-related drug–
drug interactions (Prior and Baker 2003; DeVane and
Nemeroff 2001), the AAPs have not been thoroughly
assessed for their drug interaction potentials with P-gp. In
the present study, we evaluated the inhibitory effects of
various concentrations (0.1–100 μM) of four atypical
antipsychotics, risperidone, olanzapine, clozapine, quetia-
pine, and 9-OH-risperidone, as well as two conventional
antipsychotics, haloperidol and chlorpromazine, on P-gp

activity in LLC-PK1/L-MDR1 cells using a flow cytometric
method.

Materials and methods

Materials

Risperidone, 9-OH-risperidone, and methyl-risperidone
were obtained from Janssen Pharmaceutica (Titusville, NJ,
USA). Olanzapine and quetiapine were obtained from Eli
Lilly (Indianapolis, IN, USA) and AstraZeneca Pharma-
ceuticals (Wilmington, DE, USA), respectively. Haloperi-
dol, chlorpromazine hydrochloride, clozapine, vincristine,
and rhodamine 123 (Rhd 123) were purchased from Sigma
Chemical (St. Louis, MO, USA). PSC833 was obtained
from Novartis Pharmaceutical (Basel, Switzerland). Fetal
bovine serum, trypsin and Dulbecco’s modified eagle
medium (DMEM) were obtained from Hyclone (Logan,
UT, USA). MEM nonessential amino acid solution was
obtained from Stem Cell Technologies (Vancouver, BC,
Canada). Dulbecco’s phosphate-buffered saline (DPBS),
penicillin, and streptomycin were purchased from Media-
tech (Herndon, VA). All other reagents were of the purest
grade available.

LLC-PK1 and L-MDR1 cells

The L-MDR1 cell line was generated by transfection of the
porcine kidney epithelial cell line LLC-PK1 (American
Type Culture Collection, Manassas, VA, USA) with human
MDR1 gene (Schinkel et al. 1996). The LLC-PK1 and L-
MDR1 cell lines were kindly provided by Dr. Kari T.
Kivistö (Stuttgart, Germany). The cells were cultured under
standard cell culture conditions with Dulbecco’s modified
eagle medium (DMEM) containing 4,500 mg/l glucose,
4 mM L-glutamine, and sodium pyruvate (Hyclone)
supplemented with 10% fetal bovine serum, 1% MEM
nonessential amino acids, 100 U/ml penicillin, and 100 μg/
ml streptomycin at 37°C in an atmosphere of 5% CO2 and
95% relative humidity. The LLC-PK1 and L-MDR1 cells
were cultured under identical conditions except that L-
MDR1 cells were cultured in media containing 0.64 μM
vincristine to maintain P-gp expression (Smit et al. 1998).

Sample preparation

LLC-PK1 and L-MDR1 cells were grown to 80 to 90%
confluence and harvested with 0.25% trypsin/2.21 mM
EDTA in HBSS for drug accumulation experiment. The
cells were suspended in DMEM containing 5 μM Rhd 123
and filtrated through a 70-μm nylon mesh screen (Spectrum
Laboratory, New Brunswick, NJ, USA). The cell numbers
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were approximately 106 in each reaction in a final
incubation volume of 0.5 ml. After adding various concen-
trations (0–100 μM) of tested drugs and the positive control
inhibitor PSC833 (0–50 μM), cells were incubated at 37°C
in an atmosphere of 5% CO2 and 95% relative humidity for
1 h to equilibrate drug accumulation into the cells. The final
concentration of the dimethyl sulfoxide (DMSO) for the
tested inhibitors and their respective controls was 1% (v/v).
No effect of the vehicle on Rhd 123 accumulation was
observed at this concentration. All incubations were
conducted in triplicates. The intracellular fluorescence was
then read within 1 h.

Flow cytometric detection of intracellular Rhd 123
accumulation

Intracellular fluorescence of Rhd 123 was analyzed with
FACScan flow cytometer (Becton Dickinson Immuno-
cytometry Systems, Mountain View, CA) equipped with
an argon laser using a previously established method
(Bachmeier and Miller 2005). Intracellular fluorescence
of 15,000 events was logarithmically measured through a
535-nm band pass filter at an excitation wavelength of
488 nm. Cell debris was eliminated by gating on forward vs
side scatter. The blank histogram, cells in medium contain-
ing vehicle (1% DMSO), yielded negligible cellular
autofluorescence. The LLC-PK1 and L-MDR1 cells in
medium containing Rhd 123 alone or PSC833 (10 μM), or
the tested antipsychotics, generated the negative control,
positive control, and inhibitor histograms, respectively. The
median fluorescence (ΔF) of the tested compounds was
used to calculate the percentage of inhibitory effect (E%) of
P-gp mediated Rhd 123 intracellular accumulation using
the following equation (Eq. 1):

E% ¼ ΔFi �ΔF0ð Þ
ΔFmax �ΔF0ð Þ 100% ð1Þ

where ΔFi is the median fluorescence of tested
inhibitor at concentration i, ΔF0 is the median fluores-
cence of tested inhibitor at concentration 0; ΔFmax is the
median fluorescence with maximal inhibition of P-gp
activity by 10 μM PSC 833. The concentration of inhibitor
to cause 50% of maximal increment of intracellular Rhd
123 fluorescence (EC50) values were estimated by fitting
the mean of triplicate data to the sigmoidal dose–response
equation using GraphPad 4.0 software (Intuitive Software
for Science, San Diego, CA, USA).

Statistical analysis

Data are presented as mean±SD of three independent
determinations. Effects of PSC833 on Rhd 123 accumula-
tion in LLC-PK1 and L-MDR1 cells were analyzed with

one-way ANOVA, using the Turkey test for post hoc
comparisons. Effects of putative inhibitors on intracellular
Rhd 123 accumulation were analyzed using unpaired t test
(two-tailed). P<0.05 was considered statistically significant.

Results

After incubation at 37°C for 1 h, the intracellular
fluorescence of Rhd 123 in the L-MDR1 cells was 3.1-
fold lower than that in the LLC-PK1 cells (P<0.01),
indicating that the overexpression of P-gp in the L-MDR1
cell surface significantly extruded Rhd 123 out of the cells
(Fig. 1). After co-treatment of the L-MDR1 cells with the
positive control inhibitor, PSC833 (10 μM), at 37°C for
1 h, the reduction in intracellular fluorescence of Rhd 123
in the L-MDR1 cells was abrogated. On the other hand, in
the LLC-PK1 cells, the PSC833 did not produce a
significant effect on intracellular fluorescence of Rhd 123
(Fig. 1). The intracellular fluorescence of Rhd 123 in the L-
MDR1 cells in the presence of PSC833 (10 μM) was
significantly higher than that in the control LLC-PK1 cells
(P<0.01).

At two clinically relevant concentrations (1 and 5 μM),
all tested antipsychotics significantly inhibited intracellular
fluorescence of Rhd 123 in the L-MDR1 cells (P<0.01),
except for clozapine (at 1 and 5 μM) and 9-OH-risperidone
(at 1 μM) (Fig. 2).

The concentration-dependent effects of the putative
inhibitors on the intracellular accumulation of Rhd 123
and on P-gp activities are presented in Figs. 3 and 4,
respectively. The estimated EC50 values and their ratios to
peak plasma concentrations are presented in Table 1.
According to the EC50 values, the rank order of the
inhibitory potency of the tested antipsychotic agents on
P-gp are as follows: PSC833 (0.5 μM) < olanzapine (3.9 μM)
< chlorpromazine (5.8 μM) < risperidone (6.6 μM) <
haloperidol (9.1 μM) < quetiapine (9.8 μM) < 9-OH-
risperidone (12.5 μM) < clozapine (30.0 μM) (Table 1).
However, a thorough comparison of the in vivo inhibitory
potency of these drugs should take into account both
plasma concentrations after normal therapeutic doses, as
well as tissue accumulation (see Tables 1 and 2). In this
regard, olanzapine, risperidone, 9-OH-risperidone, and
chlorpromazine, which have high tissue to plasma partition
ratios, may have higher potential to interact with P-gp than
other tested drugs (Table 2).

Discussion

Since being introduced into the market, the AAPs quickly
supplanted the conventional antipsychotics, owing to their
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recognized treatment efficacy in both positive (hallucina-
tions, delusions) and negative (flattening, alogia, and
avolition) symptoms of schizophrenia with reduced risks
of causing serious neurological side effects such as
extrapyramidal symptoms and tardive dyskinesia (Simpson
and Lindenmayer 1997). Despite these advantages, the
treatment efficacy of the antipsychotics is frequently
disappointing. Based on the standard criteria defined for
treatment-resistance schizophrenia, the prevalence of treat-
ment resistance rates has varied from 12.9 to 48% (Conley
and Buchanan 1997; Meltzer 1992; Juarez-Reyes et al.
1995; Essock et al. 1996). This gives an estimated total of
400,000–1,000,000 patients in the world who are currently
experiencing treatment-resistant schizophrenia. Despite the
high prevalence and the high economic costs for taking care
of these patients, very sparse data are available regarding
drug action in this population. The refractory mechanisms
are poorly understood.

Similar pharmacoresistance was reported for other major
CNS disorders such as epilepsy. In approximately 30% of
patients with epilepsy, seizures persist despite the choice of
generally effective antiepileptic drugs in conjunction with
carefully monitored treatment (Regesta and Tanganelli
1999). It was reported that brain expression of ABCB1,
which encodes the multidrug transporter P-gp in humans, is
markedly increased in the brain capillary endothelium and
astrocytes in the majority of patients with medically

intractable partial (mostly temporal lobe) epilepsy (Tishler
et al. 1995). This finding was replicated in several
subsequent studies (Sisodiya et al. 1999, 2001, 2002). In
addition to P-gp, overexpression of multidrug resistance
associate protein (MRP) 1 and 2 were also found in
surgically resected epileptic foci in epileptogenic tissues
(Sisodiya et al. 1999, 2001, 2002; Dombrowski et al. 2001).
This indicates that overexpression of P-gp, MRP1, and
MRP 2 in the BBB may all contribute to the pharmacore-
sistance of antiepileptic treatment as the brain transfer of
many antiepileptic drugs are affected by these transporters
in the BBB (Löscher and Potschka 2002).

In contrast to the rather established relationship of brain
overexpression of the multidrug transporters and the
pharmacoresistant epilepsy, there are only limited studies
that explored the mechanisms of the pharmacoresistant
psychiatric disorders.

Quite recently, results from our laboratory revealed
that the ABCB1 transporter, P-gp, in BBB greatly limits
the brain penetration of several atypical antipsychotics
(Boulton et al. 2002; Wang et al. 2004a,b). Thus, the
genetic variations of P-gp (Hoffmeyer et al. 2000) in BBB
may represent one of the factors contributing to the variable
treatment responses in schizophrenia and other psychiatric
disorders. Quite recently, a clinical study conducted in our
laboratory revealed that the single nucleotide polymor-
phism of C3435T of P-gp is associated with significant
elevation of area under plasma concentration time curve of
a standard oral tablet of olanzapine in healthy subjects
(Markowitz et al. 2006). In addition, the single nucleotide
polymorphisms of the ABCB1 gene, C3435T and G2677T/
A, were found to be associated with some therapeutic
response to an antipsychotic agent bromperidol (Yasui-
Furukori et al. 2006). Yasui-Furukori et al. genotyped 85
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schizophrenic patients for the C3435T and G2677T/A
variants. However, after 3 mg twice daily of risperidone,
the steady-state plasma concentration of risperidone
showed no difference between these variants (Yasui-
Furukori et al. 2004). In this study, only a single time
point (12 h) sample after the last dosing was collected for
each individual; therefore, it is very hard to justify the
results considering the very large intersubject variations (up
to 76-fold). In addition, none of the above-mentioned
studies related the pharmacodynamic changes to the brain
concentrations of the antipsychotics, which may be more

directly related to the functional variation of the BBB
transporters.

It needs to be noted that with the advent of positron
emission tomography imaging (PET) and single photon
emission computerized tomography imaging, it is now
well-recognized that all antipsychotics induce a substan-
tial dopamine D2 receptor occupancy (Kapur and
Remington 2001). Consistently, findings from different
laboratories suggest that significant D2 dopamine receptor
occupancy seems to correlate with clinical efficacy and
side effects, and also help to understand clinical differ-
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ences between the available antipsychotics (Kapur et al.
1999; Nyberg and Farde 2000; Bressan et al. 2001).
However, contradictory results were also reported by
studies in which antipsychotic resistance is not related
to D2 receptor occupancy (Sedvall 1992). Although this
contradiction can be attributed to the different criteria for
selection of the refractory patients and the single time-point
characteristic of the reported PET study, the multifactorial
pathogenesis of the schizophrenia cannot be excluded.

Reversal of the functional activity of P-gp in BBB may
thus increase CNS drug concentrations with improved
therapeutic efficacy, and it represents a novel therapeutic
intervention. This strategy may be particularly beneficial for
those drug combinations in which one of the therapeutic
agents possesses a relatively short half-life such as quetia-
pine. Although speculative, the combination of a short half-
life therapeutic agent with potential BBB drug transporter
inhibitors such as olanzapine or risperidone may potentially
prolong the brain elimination half-life of the short half-life
agents and enhance their therapeutic efficacy.

Antipsychotics were routinely combined for the treat-
ment of schizophrenia. Combined treatment of the anti-
psychotics is currently accounting for approximately 44%
of total antipsychotic prescriptions (Keks et al. 1999;

Centorrino et al. 2004). By assessing the interaction
potential of antipsychotics with P-gp, we herein provide
evidence that pharmacokinetic interactions may occur by
reversal of P-gp activity in tissues during combined
treatment with antipsychotics.

At concentrations ranging from 0.1 to 100 μM, all the
tested AAPs (risperidone, 9-OH-risperidone, olanzapine,
quetiapine, and clozapine) as well as the two conven-
tional antipsychotics, haloperidol and chlorpromazine,
showed concentration-dependent inhibitory effects on
P-gp-mediated Rhd 123 intracellular accumulation. How-
ever, at a clinically relevant concentration (1 μM), only
risperidone and olanzapine showed moderate inhibitory
effects on P-gp activity (about 10 to 14%). Other
antipsychotics only produced mild (<6%) or negligible
effects on P-gp activity. The mean peak plasma concen-
trations of the tested antipsychotics rarely exceed 1 μM
after normal therapeutic doses (except for clozapine,
which may reach 2.5 μM in some cases; Aravagiri et
al. 1998; Hiemke et al. 2004). Although the exact
concentrations of these drugs in the luminal surface of
the brain capillary cells where the P-gp localized are
unknown, the present results suggest that, among the
tested antipsychotics, risperidone and olanzapine are the
most likely agents that could inhibit P-gp function in
BBB in clinical situations.

Our previous studies have confirmed that many anti-
psychotics have shown various extent of binding affinities
with P-gp (Boulton et al. 2002). In subsequent P-gp
knockout mouse experiments, we further provide evi-
dence that olanzapine, risperidone, and 9-OH-risperidone
are all transportable substrates of P-gp (Wang et al.
2004a,b). All these data suggest a competitive nature of
the inhibitory effect of the tested antipsychotics shown in
the present study to compete for the same substrate
binding sites in P-gp. However, a more definitive
conclusion for the underlying mechanism apparently
needs further experiments.

All the antipsychotics have shown various degrees of
plasma protein binding and extensive tissue accumulation,

Table 1 Estimated EC50 values and the mean maximal plasma
concentration (Cmax) to EC50 ratios of PSC833 and the tested
antipsychotics

EC50 (μM) Cmax (μM) Cmax/EC50

PSC833 0.5 2 (1) 4
Risperidone 6.6 0.4 (2) 0.06
9-OH-risperidone 12.5 0.4 (2) 0.03
Olanzapine 3.9 0.3 (3) 0.08
Clozapine 30.0 2.5 (3) 0.08
Quetiapine 9.8 0.8 (3) 0.08
Chlorpromazine 5.8 0.3 (4) 0.05
Haloperidol 9.1 0.05 (5) 0.005

The numbers in the parentheses for Cmax refer to the following
references: (1) Fracasso et al. 2000, (2) Aravagiri et al. 1998, (3)
Hiemke et al. 2004, (4) Suzuki et al. 2001, and (5) Yeung et al. 1993

Table 2 Mean liver and kidney to plasma partition ratios of the antipsychotics

Liver to plasma ratio Kidney to plasma ratio Reference

Olanzapine 32.7 12.6 Aravagiri et al. 1999
Risperidone 22.3 14.3 Aravagiri and Marder 2002
9-OH-risperidone 67.5 47.1 Aravagiri and Marder 2002
Quetiapine 3.5–8.7 NA Hopenwasser et al. 2004
Clozapine 1.8–3.5 1.5–3.2 Manjunath and Venkateswarlu 2005
Haloperidol 13.4–53.7 17.8–21 Miyazaki et al. 1986
Chlorpromazine 97.7 33.5 Sgaragli et al. 1995

Data for the antipsychotics (except for quetiapine) were calculated from mean tissue to plasma area under concentration time curve ratios. The
quetiapine liver to plasma partition ratios was calculated based on a postmortem study
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with plasma protein binding rates ranging from 88 to 98%
(Moffat et al. 2004) and liver or kidney to plasma
concentration ratios ranging from 1.5 to 97.7 (Table 2).
The extensive tissue accumulation and low free fraction of
drugs may counterbalance each other and support the
utilization of total plasma drug concentrations in the
prediction of drug interaction potentials (Wen et al. 2002).
This may suggest that the antipsychotics in certain tissues
may reach sufficiently high levels to cause P-gp inhibition.
Furthermore, the antipsychotics, when given orally, may
produce very high local concentrations in the basolateral
surface of the gastrointestinal tract. Inhibition of P-gp
function in these tissues may change the pharmacokinetic
characteristics of co-administered P-gp substrates.

Only limited studies have evaluated the drug
interaction potentials of the antipsychotics with P-gp.
In one in vitro study, El Ela et al. (2004) evaluated
the inhibitory effects of several antipsychotics on P-gp-
mediated talinolol efflux across Caco-2 monolayers. The
results indicated that quetiapine, haloperidol, clozapine,
and olanzapine showed various degrees of inhibitory
effects on talinolol transport with IC50 values of 0.8, 12.4,
92.8, and >250 μM, respectively. In another study, when
tested at 100 μM, risperidone, haloperidol, and chlorprom-
azine inhibited calcein AM cellular uptake in MDCKII-
MDR1 cells by 52.6, 37.2, and 46.9%, respectively (Mahar
Doan et al. 2002). These previous results are generally in
agreement with the present results, except that a
preferential inhibitory effect was reported for quetiapine
on P-gp-mediated talinolol transport in Caco-2 cells (El
Ela et al. 2004). Different probe drugs and different cell
lines used in the studies may account for the differences
in the results. We searched the literatures for drug
interactions of the studied antipsychotics and found very
sparse clinical studies reporting drug interactions between
the antipsychotics and P-gp. While the present study and
also other works (El Ela et al. 2004; Mahar Doan et al.
2002) all support the possible drug–drug interactions
between certain antipsychotics and P-gp, especially in
certain tissues that the drugs may accumulate in, the lack
of clinical reports for such drug interactions may only
suggest that clinicians are unaware or unperceptive of
such interactions.

In conclusion, the present study indicated that all the
antipsychotics showed various degrees of inhibitory
effects on P-gp activity at concentrations ranging from
1 to 100 μM. However, risperidone and olanzapine are
the most likely agents that may inhibit P-gp activity in
BBB. The antipsychotics may accumulate in the liver and
kidney, and local concentrations of the antipsychotics
may be very high when given orally. Inhibition of P-gp
activity by the antipsychotics in the apical membranes of
the gastrointestinal tract, the biliary canalicular mem-

branes of the hepatocytes, and the luminal membranes of
proximal tubular epithelial cells in the kidney may cause
clinically significant drug–drug interactions. The potential
for drug–drug interactions involving the antipsychotics
and substrates of P-gp warrants further investigation.
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