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ABSTRACT 
 

The ATP-binding cassette (ABC) transporters have an important role in disposition of many drugs. Antipsychotics 
(Aps) are known to be substrates and potential inhibitor for these transporters with unclear underlying 
mechanisms. This study investigated the effects of APs: chlorpromazine (CPZ), risperidone (RIS), clozapine 
(CLZ), haloperidol (HAL) on the functions of P-glycoprotein (P-gp) and breast cancer resistance protein (BCRP) 
transporters in Wistar albino rats’ isolated micro-vascular endothelial cells (RMVECs) of blood brain barrier (BBB) 
using wide range of therapeutic and toxic concentrations.  APs was shown to inhibit the function of both 
transporters in a concentration dependant manner especially RIS with significant decrease in their ATP synthesis, 
ATP hydrolase activities and expression of the transporters proteins in a concentration dependant manner. This 
can be a potential source for drugs interaction at the level of these transporters.  
Keywords: Antipsychotics, Cytotoxicity, P-glycoprotein transporter, Breast cancers resistant protein and blood 

brain barrier. 

 

INTRODUCTION 
 

Adenosine triphosphate (ATP)-binding cassette (ABC) 
transporters have a major effect the distribution and 
elimination of drugs from and to the brain. This large 
superfamily consists of membrane proteins which are able 
to transport a wide variety of substrates across membranes 
against concentration gradients with ATP hydrolysis as a 
driving force1. ABC transporters often consist of multiple 
subunits, one or two of which are transmembrane 
proteins and one or two of which are membrane-
associated  ATP hydrolase, which utilize the energy 
of  ATP to provide the energy needed for the uptake or the 
export  of the substrates2. 

P-glycoprotein (P-gp) is the first identified and best 
studied ABC transporter is the MDR1 gene product. P-gp is 
a 170-kDa phosphorylated glycoprotein, which acts as a 
multi-specific, ATP-driven drug efflux pump3. Over 
expression of P-gp in tumour cells causes multidrug 
resistance in these cells. P-gp is expressed in endothelial 
cells of the blood-brain barrier. Several studies, comprising 
isolated membranes, freshly isolated endothelial cells, 
isolated capillaries, and tissue slices, show a predominant 
distribution of P-gp at the apical membrane4.  

P-gp has a broad substrate specificity including 
organic cations, weak organic bases, some organic anions 
and some uncharged compounds, such as polypeptides 
and polypeptide derivatives. The first P-gp inhibitor 
described is the calcium channel blocker verapamil. It 
inhibits the efflux of drugs that are P-gp substrates and 
restores drug sensitivity in multi-drug resistant leukaemia 
cell lines5. Another first-generation inhibitor is the 
immunosuppressive drug cyclosporine A3.  
BCRP transporter was first identified in a highly 
doxorubicin-resistant breast cancer cell line (MCF-
7/AdrVp), and was therefore named breast cancer 
resistance protein (BCRP)6. Besides the BBB, BCRP is 
expressed in placenta, bile canaliculi, colon, and small 
intestine 7. Like P-gp, BCRP is localized at the apical 
surface of the micro-vessel endothelium8. The substrate 

specificity of BCRP is broad, comprising a wide variety of 
drugs (e.g. mitoxantrone, topotecan, and prazosine), 
carcinogens and dietary toxins 9. BCRP has several 
substrates in common with P-gp, such as doxorubicine, 
daunorubicine, and rhodamine-1237.  

Antipsychotics (APs) are the primary medications 
used for treatment of various psychotic and bipolar 
disorders. They are well known to be cytotoxic to different 
cell lines 10. APs also known to be substrates for p-gp and 
BCRP transporters, with studies proving that both 
transporters affect their pharmacokinetics11.  On the other 
hand, APs was shown to inhibits both transporters for 
variable degrees12,13. In this study, the effect of 4 APs 
[CPZ, HAL, RIS) and CLZ] on P-gp and BCRP transporters 
in HMVECs of BBB will be studied using Wistar Albino rats’ 
microvascular endothelial cells (RMVECs) of blood brain 
barrier (BBB) as a cell culture model. Then, the effect of 
APs on the isolated cells ATP production, ATP hydrolase 
and expression of the transporters proteins will be 
evaluated as underlying mechanisms for the inhibitory 
effect of APs on the studied transporters. 
 

MATERIALS AND METHODS 
 

Ethical issues: All experiments were approved by the local 

bioethics committee of Northern Border University, Saudi 
Arabia (A/40/28). Rats were sacrificed under sodium 
pentobarbital anaesthesia. 
Chemicals and reagents:  Antipsychotics CPZ, HAL and 

RIS were purchased from Sigma-Aldrich (St. Louis, MO, 
USA), while CLZ was purchased from Abcam (Cambridge, 
MA, USA). Stock solutions of all drugs were made in 
ethanol (vehicle). Drugs were dissolved in DMSO and 
PRMI-1640 media. The selected APs are commonly 
prescribed for patients being treated for schizophrenia or 
bipolar disorder. 

Verapamil, Rh123 and Ko143 were brought from 
Sigma-Aldrich (St. Louis, MO, USA). For the solubilizing 
solution, 125ml was made of 12.5 ml 10% triton (100X) and 

mailto:ekramyelmorsy@mans.edu.eg
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Transmembrane_protein
https://en.wikipedia.org/wiki/Transmembrane_protein


Ekramy Mahmoud Elmorsy, Syed Sajed Hussain, Rashad Qasem Ali 

 

 

P J M H S  Vol. 13, NO. 3, JUL – SEP   2019   738 

0.1N HCL. Then the volume is adjusted to 125 ml with 
isopropanol.  

Regarding western blotting, P-gp was probed using 
the C219 antibody (Thermo Fisher Scientific, Waltham, MA, 
USA) in dilution 1:200 and anti-mouse IgG-HRP antibody 
(Thermo Fisher Scientific, Waltham, MA, USA) in dilution 
1:1000. While for probing of BCRP transporter, the primary 
antibody Bxp-53 (Enzo Life Sciences, Farmingdale, NY) in 
dilution 1:5000 and Peroxidase Conjugated AffiniPure 
rabbit anti-rat IgG antibody at 1/10000 dilution (Protein 
Tech group, Chicago, USA) were used. Western blotting 
was visualized via enhanced chemi-luminescence 
detection (ECL kit, Amersham, Buckinghamshire, UK).  
Cell line isolation: Isolation of rCMECs was conducted 

following the previously published methods of Nakagawa et 
al. (2009) 14. After isolation, cells were purified using a 33 
% continuous Percoll gradient, then the Cells were washed 
and plated on 35 mm collagen IV/fibronectin-coated plates 
(0.1 mg/ml).  For culture, Endothelial Cell Medium 
supplemented with 4 mg/ml puromycin and 100 mg/ml 
heparin was used. Then the cells were incubated in 5 % 
CO2 at 37 ºC.  After 3 days, puromycin was removed from 
the media.  
Isolated cells characterisation and confirmation of the 
presence of ABC-transporters in RMVECs of BBB: 

Presence of ABC transporters was confirmed in our cell 
line functionally by Rhodamine 123 assay. Rhodamine123 

(Rh-123) was shown to be a substrate for both P-gp and 
ABCG2 transporters 15. Functionally, the transporters were 
evaluated by studying the ability of the cells to retain more 
amount of Rh-123 by using the well-known inhibitors 
verapamil for P-gp transporter and Ko143 for ABCG2 
transporters. The endothelial cells of the BBB were seeded 
(20x 103 /well) in 24 wells quartz plates (Porvair Sciences) 
and left till 90% confluence. Wells with media without cells 
were used as a blank. Cells were incubated with Rh-123 
(10µg/ml Hanks) for 15 minutes. Rh-123 was removed and 
wells were washed twice. Verapamil (1 µM, 10 µM, 100 µM 
and 1000 µM) and Ko143 (1nM, 10nM and 100nM) were 
incubated with the cells in Hanks solution for 30 minutes. 
Then, cells were washed twice again with PBS and 
destroyed by the solubilizing solution. The retained Rh-123 
was assessed by fluorescence plate reader (Dyne 
technologies, Chantilly, VA, USA) using wave lengths 
(480nm and 530nm) for excitation and emission 
respectively. Blanks were subtracted from all wells’ 
readings. Retained Rh123 due to different concentrations 
of the inhibitors was expressed as a percentage from the 
corresponding control (cells in Hanks without transporters’ 
inhibitors) readings.  
Effect of Aps on the P-gp and BCRP transporters: Rh-

123 assay was repeated as formerly described. However, 
instead of the well-known transporters inhibitors, the cells 
were incubated with the studied APs in concentrations 0.1, 
1, 10, 100, and 1000 μM), and the fluorescence were 
measure by fluorescence plate reader (Dyne technologies, 
Chantilly, VA, USA) using wave lengths (480nm and 
530nm). Rh-123 was normalised to the total cell number of 
each well. All experiments were conducted for at least 4 
times. 
Effect of APs on ATP synthesis: The Cells (103 

cells/well) were cultured in 96 wells plates till 90% 
confluences and treated with APs in 0.1, 1, 10 and 100 µM 
concentrations for 3, 6, 12, 24, and 48hours. Intracellular 

ATP was measured based on lumescence using a 
commercial kit following the manufacturer’s protocol 
(Abcam, Cambridge, UK). ATP levels were normalised to 
the number of cells after subtraction of the blanks (wells 
without cells), then they were quantified as a percentages 
relative to controls ATP contents. All assay points were 
performed in triplicate in every experiments and every 
experiment was repeated for at least 3 times. 
Effect of APs on ATP hydrolysis assay: cells were 

seeded in on 35 mm collagen IV/fibronectin-coated 6 well 
plates at a density of 5 × 106 cells/well and incubated till 
confluence and treated with Aps in concentrations 10 and 
100 μM for 24 hours. Then ATPase hydrolysis reaction with 
the purified proteins was conducted following Rule et al. 
(2016) 16. Briefly, the diluted protein was added to the 
reaction buffer and incubated at 37°C for an hour during 
which 5µl of the buffer was collected in aliquots after 60 
minutes to be diluted 1:50 in HNG buffer (5x 
HEPES/NaCl/glycerol) and frozen at -80 for 10 minutes. 
Then aliquots were thawed at room temperatures and 
transferred to 96 well plate (50 µl/well in triplicates from 
each sample). Wells for standard inorganic phosphate were 
prepared in serial dilution from0-40µM. Then, 100µl of 
malachite green/molybdate Pi detection reagent was added 
to each well and the plate was incubated at the room 
temperature for 25 minutes. The absorbance was read at 
650 nm using the microplate reader. The experiment was 
repeated for at least three times.   
Immunoblot analysis: cells were seeded in on 35 mm 

collagen IV/fibronectin-coated 6 well plates at a density of 5 
× 106 cells/well and incubated till confluence and treated 
with Aps in concentrations 10 and 100 μM for 24 hours. 
Western blotting was conducted following Papa et al. 
(2008)17. Briefly, the samples were loaded onto a 4% 
acrylamide/bisacrylamide gel. SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed and proteins 
were transferred to the nitrocellulose membrane. The 
membrane was blocked for two hours at 37°C with 5% 
powdered skimmed milk in PBS containing 0.05% tween 20 
(PBS-T). Washed membranes were incubated overnight at 
4°C with the primary antibodies. Washed membranes were 
then incubated for two hours at room temperature with the 
secondary antibodies in PBS-T containing 1% milk powder. 
Membranes were washed in PBS-T and P-gp or BCRP 
were visualized using enhanced chemi-luminescence 
detection using enhanced chemiluminescence (ECL) 
detection kit (Amersham, Buckinghamshire, UK) and the 
bands’ density was evaluated by the FluorChem system 
(Alpha Innotech, San Leandro, CA).  
Statistical analysis: Data were given as mean ± standard 

error of the mean (SEM). Multiple groups comparisons 
were conducted by One-way ANOVA test with Turkey post-
hoc test. P-values were considered to be statistically 
significant at a value of P<0.05. All statistical calculations 
were done using PRISM 3 (Graph Pad Software Inc., San 
Diego, CA). 
 

RESULTS 
 

The function of P-gp transporters and BCRP was assessed 
using well known transporters inhibitors and substrate. 
Both Verapamil and Ko134 were found to significantly block 
pumping of Rh-123 as shown in figure with more retained 
Intracellular Rh-123 (Figure 1A and 1B). There was no 
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significant difference between the inhibitory effect of 
verapamil in both concentrations 100 and 1000µM on P-gp 
transporters. On the other hand, no significant difference 
was shown between the effect of K0134 in concentrations 
10 and 100nm on BCRP transporter of the studied the 
isolated cell line. 

Antipsychotics were found to block pumping of Rh123 
and increasing the retained Rh123 and inside the treated 
cells, as shown in figure (1C). CPZ was found to be the 
inhibit pumping in 10 µM concentration, while the other 3 
APs showed significant effect in 100 µM concentration. 
While the effect of CPZ was reversed at 1mM concentration 
with significant lower levels of retained Rh123 in 
comparison to the controls. 

Antipsychotics were found to significantly inhibit ATP 
synthesis inside the treated cells for variable degrees in 
concentrations and exposure durations dependant 
patterns, as shown in figure (2A-D). CPZ was the most 
potent as it was found to decrease ATP significantly in 10 
µM concentration. In parallel, APs was shown to have 
inhibitory effect on the ATP hydrolase activities in the 
treated cell (figure 2E) 

Western blotting assay had shown that all the tested 
APs significantly decreased the expression of both P-gp 
and BCRP transporters’ protein to different degrees, 24 
hours’ post-treatment (Figure 3 A and 3B) 
 
Fig. 1: The inhibitory effect of verapamil (1A) and Ko134 (1B) and 
antipsychotics (Aps) (1C) [chlorpromazine (CPZ), Haloperidol 
(HAL), Risperidone (RIS) and clozapine (CLZ)] on pumping of Rh-
123 by Albino rats’ isolated microvascular endothelial cells of the 
blood brain barrier via P-gp and BCRP transporters. The inhibitory 
effects of Verapamil, Ko134, and APs were concentration 
dependant.  Data were shown as means ±SD. * means p-vale 
<0.05 while, ** means p-value <0.01, while *** means p-value 
<0.001 

 
Fig. 2: The effect of antipsychotics (APs); chlorpromazine (CPZ), 
Haloperidol (HAL), Risperidone (RIS) and clozapine (CLZ) on 
intracellular ATP concentration (2A-2D) and ATP hydrolase 
activities (2E) in the Albino rats’ isolated microvascular endothelial 
cells of the blood brain barrier.  All APs significantly reduced ATP 

production in the treated cells and reduce the activities of the ATP 
hydrolase.   Data were shown as means ±SD. * means p-vale 
<0.05 while, ** means p-value <0.01, while *** means p-value 
<0.001 

 
Fig.3: The effect of antipsychotics (APs); chlorpromazine (CPZ), 
Haloperidol (HAL), Risperidone (RIS) and clozapine (CLZ), in 
concentrations 10 and 100 µM, on immunoblotting of P-gp and 
BCRP transporters in the Albino rats’ isolated microvascular 
endothelial cells of the blood brain barrier.  Data were shown as 
means ±SD. * means p-vale <0.05 while, ** means p-value <0.01, 
while *** means p-value <0.001 
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DISCUSSION 
 

This study was done to evaluate the effect of ABC 
transporters in the microvascular endothelial cells of BBB 
on the APs-induced cytotoxicity. Isolated RMVECs were 
used as a model to test the hypothesis. The data showed 
that ABC transporters inhibitors can increase the cytotoxic 
effect of Aps. On the other hand, the tested Aps were 
shown to inhibit ABC transporters. Aps were tested in a 
wide range of concentrations from 0.1-1000µM which cover 
the therapeutic, supra-therapeutic and toxic concentrations. 
Therapeutic serum levels were previously reported as 
1.5µM for CPZ, 2 µM for CLZ, 0.64 µM for HAL and 0.28 
µM for RIS 18. While the reported toxic serum levels of 
CPZ, CLZ, HAL and RIS were 3 mM for CPZ19, 5 mM for 
CLZ 20, 0.7 mM for HAL 21 and for RIS 0.8 mM22. Higher 
concentrations were used to get the effect of the chronic 
exposure to APs within the limited time frames of the 
experiments. 

Micro-vascular endothelial cells were isolated for 
BBB cultures mostly from animal sources, especially from 
rats 23. Isolated cells were characterised by the Presence of 

P-gp and BCRP which was confirmed by western blot and 
Rh123 assay using the previously reported verapamil and 
Ko143 inhibitors transporters inhibitors 24.  

In the present study we used Ko134 as an inhibitor 
for BCRP transporter. 10nM was found to be an ideal 
inhibitory concentration for the subsequent experiments as 
there was no significant difference between K0134 10nM 
and 100 nM. So Ko134 (10nm) can give the best inhibitory 
effect with less cytotoxicity on the cells. Results of the 
present study showed that verapamil (100µM) would give 
the best inhibitory effect on P-gp transporter of RMVECs of 
BBB and at the same time will be safer than 1000 µM, so 
100 µM was chosen as an ideal inhibitory concentration in 
the subsequent experiments.  

The present study findings also showed evidence that 
commonly used APs have had various degrees of inhibitory 
effects on P-gp and BCRP transporters functions These 
findings are in agreement with the previously published 
work by Wang et al. (2006) 12 and Wang et al. (2008)13, 
who reported that several APs, including CPZ, RIS, 
quetiapine, paliperidone and CLZ, are dual inhibitors of 
both P-glycoprotein and BCRP.  

For mechanistic studies, the effect of APs on ATP 
production in the isolated cells was evaluated as ATP play 
a major role in the functional integrity of the investigated 
transporters. The data revealed that APs can significantly 
inhibit ATP production in a concentration dependant 
pattern. These findings are in a accordance of different 
studies using in vivo and in vitro models which revealed 
that APs can inversely affect the cellular energetic and ATP 
production 25. 

Secondly, the effect of the tested APs on the ATP 
hydrolase activities was evaluated. ATP hydrolase proper 
function is mandatory for the function of the ABC-family 
transporters (Khunweeraphong et al., 2017). APS were 
shown to significantly decrease ATP hydrolase activities. 
CPZ showed the most significant effect even in 10 µM 
concentration. This effect of APs on the hydrolase are 
expected to inhibit the function of the studied transporters. 
Finally, APs were shown to decrease the expression of the 
P-gp and BCRP transporters. P-gp transporter was 

affected to a greater extent than BCRP transporter 
expression. 

The main limitation of the current study was the 
difficulty to evaluate the effect of APs on each transporter 
separately as the cells have both types and may be other 
types of ABC transporters. However, the present findings 
may have potential application for safety treatment of the 
APs. ABC transporters have long been recognized to 
confer multidrug resistance in cancer and inflammation 
chemotherapies26. Accordingly, in combination with the 
present findings suggested that toxic doses of APs may 
alter pharmakco-kinetics and pharmaco-dynamics of a lot 
of therapeutics which may be given to these patients for 
therapeutic purposes and they are substrates for ABC 
transporters. On the other hand, therapeutics which act as 
inhibitors for these transporters will worsen the outcome of 
therapy as it will expose the neuronal cells to higher 
concentrations by blocking the outward pumping action of 
these transporters in the BBB endothelial cells. 
 

CONCLUSIONS 
 

Antipsychotics have inhibitory effect of p-gp and BCRP 
transporters of the rats’ endothelial cells of the blood brain 
barrier to variable degrees in a concentration and 
exposures’ durations dependant manner. The tested APs 
was shown to inhibit ATP synthesis, ATP hydrolase and 
expression of the transporters proteins in the treated cells 
in concentrations-based patterns. This inhibitory effect 
open new channels with the other drugs or chemicals 
which are known as transporters or inhibitors for these 
transporters. 
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