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Abstract: The breast cancer therapies available are insufficient, especially since first-line treatments,
such as paclitaxel, result in drug resistance and their toxicity often limits their concentration. Strate-
gies like drug repurposing are beneficial, and novel treatments can emerge by repurposing drugs
that interfere with the dopamine and serotonin receptors, and thus influence tumor growth. In
this study, the MTT assay was used to test the efficacy of such repurposed drugs commonly used
for neurodegenerative disorders that act on the dopamine and serotonin receptors to reduce the
MCF-7 cell’s viability, either by their single use or in combination with the reference drug paclitaxel.
Furthermore, the expression of vimentin and E-cadherin was assayed by immunofluorescence. The
dopamine receptor-altering drugs benztropine and thioridazine resulted in the strongest reduction of
cell viability when combined with paclitaxel, which may be connected to the alteration of E-cadherin
rather than vimentin expression. More studies are needed to understand the mechanism of action of
the combinations tested and the efficacious role of dopamine and serotonin.
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1. Introduction

Paclitaxel has been widely used to treat several cancers such as breast, ovarian and
lung cancer, among others [1]. Unfortunately, tumor resistance is one of the significant
causes of death associated with treatment failure [2] and dose-dependent cytotoxicity [3].
The most common side effects of paclitaxel administration are hair loss, fatigue, nau-
sea, vomiting, hypersensitivity reactions, myelosuppression, peripheral neuropathies and
neutropenia [4]. These last two side effects are associated with reduced response rates
of paclitaxel, although it varies from patient to patient [5]. The development of drug
resistance in cancer rewires tumor metabolism and pharmacokinetics. In breast cancer,
changes in fatty acid synthesis, redox metabolism, glycolysis and mitochondrial energy
metabolism are associated with resistance to several drugs (adriamycin, tamoxifen, pacli-
taxel, trastuzumab and lapatinib). Therefore, complete tumor eradication is not always
achievable [6]. Finding novel multitargeting drugs and combining them for personalized
therapies will help overcome resistance and toxicity to chemotherapeutics in breast cancer.
Tumors undergo multiple mutations and there are breast cancer stem cells that remain in
the dormancy state (G0 phase of the cell cycle), safe from the action of chemotherapeutics
and radiation [7,8].

Interestingly, clinical evidence suggests that breast cancer and neurodegenerative
diseases are linked, indicating that some drugs can potentially be used for both therapeutic
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approaches. Evidence shows that dopamine and serotonin are associated with tumorigene-
sis regulation as they affect angiogenesis and cell proliferation [9,10]. Dopamine can reduce
the frequency of cancer stem cells (CSC), inducing apoptosis. Some studies confirmed a
significant synergism with conventional anticancer drugs by inhibiting tumor angiogen-
esis, which increased the patients’ life span [11]. Besides the effects on endothelial cells,
dopamine can also act on mesenchymal stem cells and endothelial progenitor cells [12].
Serotonin stimulates the proliferation of endothelial cells and has also been associated
with inflammatory processes. In vitro experiments demonstrated that serotonin stimulated
tumor cell proliferation and prevented cell death [13,14]. In addition to acting straight
on the tumor and its microenvironment, these neurotransmitters can modify the drugs’
efficiency for cancer treatment [15]. Current knowledge suggests that drugs that stimulate
dopamine or inhibit serotonin can be clinically helpful. Validation of this crosstalk remains
necessary [16].

This study aims to repurpose drugs that interfere with the dopamine and serotonin
pathways and combine them with paclitaxel. The maximum efficacy with the lowest
amount of toxicity should be guaranteed in this type of experiment [17,18]. According
to the literature (Table 1), the drugs in question were selected for (1) their interference
with dopamine and serotonin and (2) their described reductive effect on breast cancer cell
viability. Due to their vast potential, in this study, the anticancer effect of thioridazine, que-
tiapine, benztropine, selegiline, rasagiline, tranylcypromine (2-PCPA) and m-chlorophenyl
biguanide (m-CPBH) was assessed. As mentioned above, repurposing drugs meets the
challenge of targeting CSCs, which significantly helps eliminate drug resistance [19]. Some
of the drugs tested are reported to act on CSCs, an advantage for cancer treatment.

Table 1. List of drugs selected for repurposing with their main indication and the neurotransmitter receptors of action.

Drug Main Indication Mode of Action
(Dopamine Receptor)

Mode of Action
(Serotonin Receptor) References

Thioridazine Schizophrenia D1 and D2 receptors [20]
Quetiapine Schizophrenia D2 antagonist 5-HT2 antagonist [21,22]

Selegiline Parkinson’s disease An irreversible inhibitor of
Monoamine Oxidase B (MAO-B) [23]

Benztropine Parkinson’s disease Dopamine reuptake inhibitor [24]

Rasagiline Parkinson’s disease Selective and irreversible
MAO-B inhibitor [25]

2-PCPA Antidepressant Monoamine oxidase inhibitor [26]

m-CPBH Emetic effect Potent and selective
5-HT3 agonist [27]

2. Materials and Methods
2.1. Materials

MCF-7 human mammary carcinoma cells were maintained in Dulbecco’s modified ea-
gle (DMEM) medium, with 1% antibiotics and 10% fetal bovine serum (FBS), acquired from
Millipore Sigma (Merck KGaA, Darmstadt, Germany). The drugs used were purchased
from TOCRIS®, Sigma-Aldrich®, Cayman Chemical Company and MERK. Paclitaxel,
thioridazine and quetiapine were dissolved in dimethyl sulfoxide (DMSO); benztropine,
selegiline, rasagiline, 2-PCPA and m-CPBH were dissolved in autoclaved water. To en-
sure minimal cytotoxicity from DMSO, the concentration could not be higher than 0.1%.
Paclitaxel, the antineoplastic drug, was used as a reference for breast cancer therapy.

2.2. Cell Line and Cell Culture

The MCF-7 cell line was obtained from the American Type Culture Collection (ATCC;
Manassas, VA, USA) and kept according to ATCC’s recommendations at 37 ◦C and 5% CO2
in DMEM medium supplemented with 10% fetal bovine serum, 100 U/mL penicillin G
and 100 µg/mL streptomycin. Cells were always maintained in the logarithmic growth
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phase. The media was renewed every two days, trypsinized with 0.25% trypsin-EDTA and
subcultured in the same media. MCF-7 cells (1 × 105 cell/well) were seeded in 48-well
plates and allowed to adhere overnight before drug exposure. The cell culture media were
then replaced with drug-containing media. Cells were exposed to drugs for 48 h before
viability assays were performed to evaluate single and combination drug treatments on
cell viability in these cells.

2.3. Drug Treatment

The half-maximal inhibitory concentration (IC50) value was first determined for each
drug alone in MCF-7 cells. Paclitaxel concentrations ranged from 1 to 50 nM. The concen-
trations for the repurposed drugs ranged from 1 to 100 µM for the single-drug treatment.
Combination studies were performed by combining paclitaxel with the repurposed drugs.
Only drugs with the most promising pharmacological profiles, such as benztropine and
thioridazine, were tested in combination with paclitaxel.

2.4. Growth Curve Determination

To obtain the growth curve and determine the doubling time (DT), MCF-7 cells were
plated in a 48-well plate in the following concentrations: 1 × 104 cells/mL, 3 × 104 cells/mL
and 1 × 105 cells/mL. For 18 days, cells were counted using the LionHeart FX automated
microscope until they reached the stationary phase. The growth curve and the doubling
time were determined, respectively, by the logistic growth equation and the DT formula:
DT = (ln2/K) (K is a constant also calculated by the software), using GraphPad software.

2.5. Cell Viability Assay

MCF-7 cells were plated in a 48-well plate at 1 × 105 cells per well and incubated
overnight, then exposed to the drugs for 24 h or 48 h.

Using a LionHeart FX automated microscope, images were taken to evaluate cell viability.
For the sulforhodamine B (SRB) protocol, the culture medium was removed and the

cells were washed with phosphate buffered saline (PBS). They were fixed by adding 200 µL
of 10% cold trichloroacetic acid (TCA) to each well and incubated at 4 ◦C for 30 min. The
fixation solution was aspirated and allowed to dry. Next, 200 µL of SRB solution was
added and the cells were incubated at room temperature, protected from light, for 1 h.
Then, the plate was washed four times with slow-running tap water and excess water
was removed using paper towels. The plates air-dried at room temperature. To finish,
400 µL of Tris-NaOH 10 mM was added and the plate was shaken for 5 min to solubilize
the protein-bound dye. In an automated microplate reader, absorbance was measured at
510 nm (Sinergy HT, Biotek Instruments Inc., Winooski, VT, USA). This protocol was not
carried out under sterile conditions.

For the Neutral Red protocol, the medium was aspirated from the cells and 200 µL of
neutral red medium was added to each well of the plate. The plate was incubated for 2 h in
appropriate culture conditions. After that, the neutral red medium was removed and the
cells were washed with 300 µL PBS per well (the washing solution was removed by gentle
tapping). Then, 300 µL neutral red de-staining solution was added to each well. The plate
was shaken for at least 10 min (until a homogeneous solution had formed). In an automated
microplate reader, absorbance was measured at 540 nm (Sinergy HT, Biotek Instruments
Inc., Winooski, VT, USA). This protocol was not carried out under sterile conditions.

For the MTT protocol, 200 µM of MTT was added to each well, and the plates were
incubated for 3 h. To solubilize the formazan crystals, 200 µM DMSO was added to each
well after the incubation period. In an automated microplate reader, absorbance was
measured at 570 nm (Sinergy HT, Biotek Instruments Inc., Winooski, VT, USA). Primarily,
MCF-7 cells were exposed to the drugs for 48 h, and only the drugs that proved to reduce
cell viability in that time were tested at 24 h. Dose-response curves and the half-maximal
inhibitory concentration (IC50) were calculated using GraphPad. Drug concentrations
were plotted on a base-10 logarithmic scale to produce a sigmoidal dose-response.
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2.6. Analysis of Drug Interactions

Using CompuSyn software (ComboSyn, Inc., New York, NY, USA), the combination
index (CI) was calculated using unified theory to quantify the drug interactions between
paclitaxel and repurposed drugs, as envisioned by Chou and Talalay [28]. We employed the
mutually exclusive model based on the assumption that drugs have entirely different modes
of action. The two drugs were combined in a non-constant ratio of doses corresponding to
their IC50 and 100 µM. To assess the drug synergism between drug combinations, the CI
was plotted on the y-axis as the effect level (Fa) function on the x-axis. The CI is a metric for
quantifying pharmacological interactions. Synergism is indicated by a CI of less than one,
additive interaction by a CI of one and antagonism by a CI of more than one. Experiments
were carried out in triplicate (n = 3) with three replications per drug concentration.

2.7. Liquid Chromatography Coupled with Mass Spectrometry (LC-MS)

The cell supernatant was collected at the end of 24 h and 48 h; the metabolic analysis
was performed using LC-MS at Center of Materials of University of Porto (CEMUP), where
the protocol was validated. The cells treated with paclitaxel, benztropine and thioridazine
at the IC50 concentration and the cells treated with the combination of the reference and
repurposed drugs (both at the IC50 concentration and its highest concentration, 100 µM)
were the ones from which more of a conclusion could be drawn. Unfortunately, it was
impossible to collect the supernatant of all the cells tested, and it was only possible to
analyze 24 h of treatment for thioridazine.

2.8. Immunofluorescence of MCF-7 Cells Treated with Pharmaceutical Compounds

MCF-7 cells were plated on 24-well plates with coverslips at a concentration of
1 × 105 cells per well and incubated for 24 h. The next day, cells were treated with pacli-
taxel (reference drug), benztropine and thioridazine (repurposed drugs), either alone or
in combinations of the reference and repurposed drugs. Paclitaxel was administered at
a concentration of 8.51 M when administered alone or 17.51 M when combined with the
repurposed drugs. Benztropine’s concentration was 15.84 µM alone and 31.64 µM when
combined with the reference drug. Thioridazine was used at 6.87 µM alone or 13.74 µM
in combination with paclitaxel. Cells were incubated with the drugs for 48 h. After the
incubation period, cells were washed with PBS, fixed with 4% paraformaldehyde and
frozen at −20 ◦C. For the immunofluorescence test, the slides were washed three times
with PBS and for 10 min with 50 mM NH4Cl. The slides were permeabilized with 0.2%
Triton X-100 in PBS for 5 min at room temperature and blocked with rabbit serum diluted
1:5 in 10% bovine serum albumin (BSA) in PBS for 30 min. At 4 ◦C, the slides were incu-
bated overnight with a primary antibody (Vimentin V9 1:500, Dako, M0725 and E-cadherin
24E10 1:400, mAb #3195) diluted in 5% BSA in PBS. The slides were washed with PBS and
incubated with a secondary antibody (488 goat anti-mouse, ab150113) for 30 min in 5% BSA
in PBS. The nucleus was stained with DAPI 1:100 in PBS for 10 min at room temperature.
At last, the slides were washed two times with PBS and mounted with VECTASHIELD® to
preserve the fluorescent signal’s intensity.

2.9. Data Analysis

GraphPad Prism 8 (GraphPad Software Inc., San Diego, CA, USA) was used to
generate nonlinear regression concentration-response curves. The viability of cells treated
with each drug was normalized to the viability of control cells, and cell viability fractions
were plotted vs drug concentrations on the logarithmic scale.

2.10. Statistical Analysis

GraphPad Prism 8 software was used to analyze all of the data. All trials were carried
out at least three times independently (n = 3). The results are given as arithmetic mean
and standard error of the mean (SEM). For multiple comparisons, a one-way ANOVA test
was performed, considering p < 0.05 as statistically significant. For the IC50 calculation,
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we transformed the values of the x-axis, normalized that transformation and calculated
the nonlinear fit of the normalized transformation. A two-way ANOVA test was used to
compare the reduction of cell viability at 24 h and 48 h.

3. Results
3.1. Growth Curve: Ensuring Uniform Growth over Time

The determination of the growth curve for the MCF-7 cells was based on three different
initial cell densities, as mentioned above. The curve obtained with the initial cell density of
3 × 104 cells/mL was selected to assess the number of cells necessary to seed the plates
(Figure 1). Plates were seeded with 1 × 105 cells/mL to perform the assays.
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Figure 1. Growth curve of MCF-7 cells grown in culture. Initial cell density is 3 × 104 cells/mL. Results
are expressed as mean ± standard error of the mean (SEM) of three independent experiments (n = 3).

The doubling time of MCF-7 cells is 30 to 40 h, and we obtained doubling times of 37 h,
33 h and 30 h for 1 × 104 cells/mL, 3 × 104 cells/mL and 1 × 105 cells/mL, respectively.
Therefore, the MCF-7 cells used in our study were within the typical doubling time values,
according to ATCC specifications.

3.2. Evaluation of the Most Suitable Viability Assay for MCF-7 Cells

Imaging from LionHeart demonstrated reproducibility for the tested concentrations
with paclitaxel in MCF-7 cells, either over 24 or 48 h. However, for the repurposed drug
benztropine, at the highest concentration (100 µM), imaging from LionHeart exhibited a
giant cluster of cells, especially at 24 h, which made it difficult for the correct counting of
viable cells, which led us to discard this model (Figure 2). The cluster formed may be due
to the mechanism of adaptation of the cell in the presence of benztropine.

The SRB assay had the lowest variability between experiments of all the assays tested
in this study. However, the rise of protein synthesis at the lowest and middle concentrations
compared with the control group disabled the assessment of the decrease of cell viability
as the concentration of the tested drugs rose, as observed for benztropine and Paclitaxel
(Figure 3). Perhaps these discrepancies are due to the adaptation mechanisms of cells to
the drugs tested [29]. As a result, in our model, this method is not the best for determining
cell viability.
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Figure 2. Imaging by LionHeart equipment of MCF-7 cells. (A) Control MCF-7 cells at 24 h, (B) MCF-7
cells treated with paclitaxel at 50 nM with no visible clustering, (C) Control MCF-7 cells after 24 h for
benztropine, (D) MCF-7 cells treated with 100 µM benztropine, showing the formation of clusters.
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Figure 3. Protein synthesis (% of control) obtained with SRB assay in MCF-7 cells treated for 24 h
with paclitaxel (left graph) or benztropine (right graph). The red rectangle marks the increase of
protein synthesis at the lowest and middle concentrations. Results are expressed as mean ± standard
error of the mean (SEM). **** p < 0.0001.

Using the neutral red (NR) assay, there was no possibility of seeing a decrease in cell vi-
ability on MCF-7 cells, and different values were obtained in each assay (Figure 4), possibly
due to compound interferences. It was not even possible to calculate the benztropine IC50
value. By comparing the results obtained from these different methods for the MCF-7
cells treated with paclitaxel and benztropine, the MTT assay proved to be the most suit-
able for evaluating paclitaxel; all the experiments were done using this method as shown
from hereon.
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3.3. Cytotoxicity Induced by Paclitaxel Administration

Paclitaxel was formulated in 0.1% DMSO, and the concentrations used in the assays
with MCF-7 were: 1, 2.5, 5, 10 and 50 nM. Paclitaxel exposure for 24 h proved to be less
effective in causing cytotoxicity than the effect on cell viability of MCF-7 observed after 48 h
(Figure 5). A minimal concentration of 5 nM is needed to induce cytotoxicity by paclitaxel
in MCF-7 at 48 h. All the MCF-7 cells exposed to paclitaxel over 24 h and 48 h exhibited
dose-response curves, more pronounced at 48 h. Values for the IC50 of paclitaxel in MCF-7
cells over 24 h and 48 h can range between 2.5 and 7.5 nM, [30,31]. The IC50 values of 10.40
and 8.15 nM, obtained for 24 and 48 h, respectively, were considered within the acceptable
range (Figure 6).
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Figure 5. Effect of paclitaxel on the cell viability (% of control) of MCF-7 cells at (A) 24 h and (B) 48 h
of exposure in independent experiments (n = 4). Results are expressed as mean ± standard error of
the mean (SEM). ** p < 0.01, **** p < 0.0001.
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Additional analysis demonstrated that the cell viability of MCF-7 cells between 24 h
and 48 h was significantly lower for the 5 nM (p < 0.05), 10 nM, and 50 nM concentrations
(p < 0.0001). These data confirm that prolonged drug time exposures are more effective
(Figure 7).
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3.4. Screening of the Selected Repurposed Drugs

This study investigated whether commonly used drugs for neurodegenerative dis-
orders that act on the dopamine and serotonin receptors could affect cancer cells more
significantly than paclitaxel (the reference drug). All the repurposed drugs were tested at
the following concentrations: 1, 5, 10, 50 and 100 µM for 48 h and 24 h in MCF-7 cells.

3.4.1. Quetiapine

MCF-7 treatment with quetiapine significantly reduced cell viability at the 50 and
100 µM concentrations (p < 0.05 and p < 0.01, respectively) (Figure 8).
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from further analysis. 

Figure 8. Effect of quetiapine exposure over 48 h on the cell viability (% of control) of MCF-7 cells,
based on four independent experiments (n = 4). Results are expressed as mean ± standard error of
the mean (SEM). * p < 0.05, ** p < 0.01 and *** p < 0.001.

At a 10 µM concentration, cell viability increased compared to the control, possibly
due to drug interactions with the MTT. A dose-response curve was calculated, and the
IC50 value for quetiapine was determined at 46.63 µM (Figure 9). However, the IC50
values found were deemed too high for our purposes, and this drug was ruled out of
further research.
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Figure 9. Representation of quetiapine dose-response curve at 48 h. The curve represents a normal-
ization between 0 and 100%, where 100% was defined as the concentration of the drug that least
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3.4.2. Selegiline, Rasagiline, 2-PCPA and m-CPBH

The cells were exposed to each of these drugs: selegiline, rasagiline, 2-PCPA and
m-CPBH, separately, for 48 h. However, no significant effect on cell viability was noticed in
MCF-7 cells with any of them (Figure 10). Consequently, these four drugs were excluded
from further analysis.
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Figure 10. There was no significant effect on cell viability (% of control) in MCF-7 cells treated with
selegiline (A), rasagiline (B), 2-PCPA (C) and m-CPBH (D) at the chosen concentrations over 48 h.
Three or more independent experiments were performed for each drug (n ≥ 3). Results are expressed
as mean ± standard error of the mean (SEM).

3.4.3. Thioridazine

Thioridazine reduced cell viability at 24 h and 48 h (Figure 11). Only at 48 h did we
have a significant reduction in MCF-7 cell viability for the 5 (p < 0.01), 10, 50 and 100 µM
concentrations (p < 0.0001).
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Figure 11. Effect of thioridazine exposure over (A) 24 h and (B) 48 h, on the cell viability (% of control)
of MCF-7 cells, based on four independent experiments (n = 4). Results are expressed as mean ±
standard error of the mean (SEM). ** p < 0.01, **** p < 0.0001.

The dose-response curve was obtained for 48 h and the IC50 value calculated was 6.86
(Figure 12). Although prolonged exposure of MCF-7 cells to thioridazine seemed to be
more effective, additional analysis demonstrated no significant differences between a 24 h
and 48 h exposure for any of the concentrations used (Figure 13).
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was statistically significant for 1, 50 and 100 µM concentrations of benztropine (p < 0.01, p 
< 0.001, p < 0.0001, respectively). At 48 h, the decrease in cell viability was statistically 
significant (p < 0.0001) for the following concentrations: 5, 10, 50 and 100 µM. In the MCF-
7 cells, the IC50 obtained for benztropine was 51.88 µM for 24 h and 15.84 µM for 48 h 
(Figure 15). The cytotoxicity effect of benztropine results from a dose-dependent reduc-
tion of cell viability percentage. 

Figure 12. Representation of thioridazine dose-response curve at 48 h. The curve represents a
normalization between 0 and 100%, where 100% was defined as the concentration of the drug that
least affected the cell viability, and 0% was considered the concentration that most affected the cell
viability. Results are expressed as mean ± standard error of the mean (SEM). The IC50 value was
calculated using the normalized data (between 0% and 100%).
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3.4.4. Benztropine Mesylate

MTT assay results demonstrated a significant decrease in cell viability at 24 h and
48 h, induced by benztropine administration (Figure 14). At 24 h, the decrease in cell
viability was statistically significant for 1, 50 and 100 µM concentrations of benztropine
(p < 0.01, p < 0.001, p < 0.0001, respectively). At 48 h, the decrease in cell viability was
statistically significant (p < 0.0001) for the following concentrations: 5, 10, 50 and 100 µM.
In the MCF-7 cells, the IC50 obtained for benztropine was 51.88 µM for 24 h and 15.84 µM
for 48 h (Figure 15). The cytotoxicity effect of benztropine results from a dose-dependent
reduction of cell viability percentage.
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Figure 14. Effect of benztropine over 24 h (A) and 48 h (B) on the cell viability (% of control) of MCF-7
cells, based on three independent experiments (n = 3). Results are expressed as mean ± standard
error of the mean (SEM). ** p < 0.01, *** p < 0.001, **** p < 0.0001.
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Figure 15. Representation of benztropine dose-response curve at 24 h (left graph) and 48 h (right graph). The curve
represents a normalization between 0 and 100%, where 100% was defined as the concentration of the drug that least affected
the cell viability, and 0% was considered the concentration that most affected the cell viability. Results are expressed as mean
± standard error of the mean (SEM). The IC50 value was calculated using the normalized data (between 0% and 100%).

Comparison of the 24 h and 48 h exposures to benztropine (Figure 16) shows more
effective prolonged exposure at 5, 10 (p < 0.001) and 50 µM (p < 0.0001); the cell viability is
significantly lower at 48 h than at 24 h.
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3.5. Combinations of the Reference and Repurposed Drugs

The repurposed drugs tested in MCF-7 cells with the most promising results for
reducing cell viability were benztropine and thioridazine. Therefore, they were chosen to
be used in combination with paclitaxel (the reference antineoplastic drug).

3.5.1. Paclitaxel and Benztropine Mesylate

The paclitaxel and benztropine concentrations used in this test were based on the IC50
values determined in the cell viability assays performed in Sections 3.3 and 3.4.4; both
drugs were tested individually and in combination.

The combination of these drugs proved to be highly effective with a more pronounced
effect, below 50%, compared to the control. The IC50 values used for both drugs resulted
in reduced cell viability down to the halfway point. The results showed that paclitaxel
and benztropine are similar in reducing MCF-7 cell viability. Combining these two drugs
at the highest concentration (100 µM) highlights the efficacy of benztropine, showing a
consistent reduction of cell viability (Figure 17). The effects of the combined administration
were significantly better than the effects of paclitaxel alone. All the results were statistically
significant, showing a consistent reduction of MCF-7 cell viability.
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Figure 17. The effects of paclitaxel and benztropine (alone and in combination) on the cell viability
(% of control) of MCF-7 cells at 48 h. Results are expressed as mean ± standard error of the mean
(SEM) and represent four independent experiments (n = 4). **** p < 0.0001.

3.5.2. Paclitaxel and Thioridazine

The IC50 values obtained in the cell viability assays performed in Sections 3.3 and 3.4.3
were used to calculate paclitaxel and thioridazine concentrations for this assay. The cells
seeded either with paclitaxel or thioridazine were expected to reduce at least 50% of
the MCF-7 cell viability compared to the control. The reduction of cell viability was
similar between the reference drug and the repurposed one. Furthermore, the combined
administration effect was more pronounced than the use of the drugs individually, below
50% in comparison with the control (Figure 18). All the results were statistically significant,
showing a consistent reduction of MCF-7 cell viability.

3.5.3. Synergistic Effect of Combination

Using the CompuSyn program, the synergistic effect was measured for the combined
drugs. The combination index (CI) was calculated using the Chou-Talalay method [28].
The results of the effects of combinations are represented in Table 2. A combination of
paclitaxel + benztropine demonstrated synergism (CI < 1) in both combinations tested
(Figure 19). The lowest and highest doses of benztropine produced the following effects:
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0.7434 and 0.915, respectively. The combination of paclitaxel and thioridazine resulted in
a synergistic (CI < 1) and antagonistic effect (CI > 1). The combination with the lowest
thioridazine concentration, corresponding to its IC50, resulted in a synergistic effect. Using
thioridazine at a 100 µM concentration resulted in an antagonistic effect. By applying these
different concentration values for thioridazine (6.87 and 100 µM), we generated similar
effects, 0.7851 and 0.8681.
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3.6. LC-MS Analysis

The supernatants of cells treated individually with paclitaxel, benztropine and thiori-
dazine, at concentrations equivalent to their IC50 and their combinations, were analyzed to
gather information on their action mechanism (Supplementary Materials—Figures S3–S11).
At the IC50 concentration, paclitaxel enters the cell, either when used alone or in combi-
nation with the repurposed drugs (Supplementary Materials—Figure S5). Its base peak
was challenging to observed, either for cells treated with the reference drug alone or in
combination, suggesting that, at the concentration tested, paclitaxel was absorbed by the
MCF-7 cells. MCF-7 cells also absorbed benztropine either at its IC50 concentration or with
100 µM. However, the combined administration of benztropine and paclitaxel resulted
in the increased relative abundance of the benztropine peak, which may be due to the
interaction of the cell receptors with the drug. Paclitaxel is more selective to MCF-7 cells
than benztropine (Supplementary Materials—Figures S6–S8). In the MCF-7 cells treated
with thioridazine individually (contrary to benztropine), it was already possible to see a
higher peak. This drug does not fully enter the cells.

In combination, the peak of thioridazine increases, suggesting that there exists an
excess of the drug that is not used to produce the reduction of viability (Supplementary
Materials—Figures S9–S11). Also, by analyzing the metabolites produced in the cells
treated with the combination, it was possible to find both molecules (reference drug
and the repurposed drugs), with more repurposed drugs. The presence of metabolites
and/or signs of the initial drugs on the chromatograms was observed, particularly with
thioridazine, indicating that the drugs (or their metabolites) had entered the cells; their
activity could have resulted from this. At their highest concentration (100 µM), comparing
the cells treated with paclitaxel with the ones treated with paclitaxel and the repurposed
drugs, the same metabolites were observed, suggesting that the effect of reduction on
viability is due to the presence of benztropine and thioridazine. Unfortunately, we cannot
draw more conclusions from this study due to the impossibility of performing quantitative
analysis or identifying the metabolites.

3.7. Vimentin Expression Is Altered by Drug Administration in MCF-7 Cells

Vimentin expression was reduced after 48 h of MCF-7 cells’ exposure to paclitaxel
compared to non-treated cells (Figure 20A,B). When cells were treated with the repur-
posed drugs alone, similar results were obtained, with almost no vimentin expression
(Figure 20C,D). The cells treated with the combination of repurposed drugs with the
reference drug presented decreased vimentin expression compared to the non-treated
cells (Figure 20A,E,F). However, combined administration seemed to lead to a differ-
ent expression pattern, with slightly more vimentin expression than was observed after
single-drug treatments.

3.8. E-cadherin Expression Is Altered by Drug Administration in MCF-7 Cells

The MCF-7 cells expressed E-cadherin (Figure 21A); however, the expression levels
were lower than expected. Treatment with the reference drug led to a slight reduction
of E-cadherin compared to the control (Figure 21B). Compared to the control cells, the
cells treated with the repurposed drugs showed reduced or almost no expression of E-
cadherin (Figure 21C,D). However, when the cells were treated with the combinations
of drugs—benztropine + paclitaxel or thioridazine + paclitaxel —there was only a slight
reductive effect on E-cadherin expression (Figure 21E,F). This effect was more accentuated
for thioridazine combined with paclitaxel.
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cation (20× 30 ms DAPai/ 2s FITC; 40× 4 ms DAPI/ 1 s FITC). 
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Figure 20. Immunofluorescence analysis of vimentin (green) in MCF-7 cells. (A) MCF-7 with no
treatment; (B) Cells treated with the reference drug, paclitaxel; (C) Cells treated with benztropine;
(D) Cells treated with thioridazine; (E) Cells treated with the combination of the IC50 of paclitaxel
and benztropine; (F) Cells treated with the combination of the IC50 of paclitaxel and thioridazine.
The cells were treated with the calculated IC50 concentration and were exposed to the drugs for 48 h.
The images were taken at a 20× magnification. On the right top corner of each image is an insert at
40× magnification (20× 30 ms DAPai/ 2s FITC; 40× 4 ms DAPI/ 1 s FITC).
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Figure 21. Immunofluorescence analysis of E-cadherin clone 24E10 (green) in MCF-7 cells. (A) MCF-7
with no treatment; (B) Cells treated with the reference drug, paclitaxel; (C) Cells treated with
benztropine; (D) Cells treated with thioridazine; (E) Cells treated with the combination of the IC50
of paclitaxel and benztropine; (F) Cells treated with the combination of the IC50 of paclitaxel and
thioridazine. The images were taken at a 20× magnification. On the right top corner of each image is
an insert at 40× magnification (20× 30 ms DAPI/ 2 s FITC; 40× 4 ms DAPI/ 1 s FITC).

4. Discussion
4.1. Study Design

The human breast cancer MCF-7 cell line has estrogen and progesterone receptors,
belongs to the luminal A molecular subtype and is considered poorly aggressive and non-
invasive with low metastatic potential. These cells also have an elevated level of genetic in-
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stability, containing a fraction of stem cells to generate clonal viability [32]. Experimentally,
the MCF-7 cell line is easy to use and has the advantage of being a long-established breast
cancer model, facilitating research and increasing in vitro assays’ reliability. However, it is
crucial to understand its limitations and consider them while designing experiments and
interpreting results. Since MCF-7 cells are broad, the outcomes of the results will be general.
A study on a triple-negative cell line could highlight the efficacy of the drugs tested.

Growth curve optimization is always mandatory before drug screening to determine
the innate cell’s characteristics, such as the exponential phase; therefore, plates were seeded
with 1 × 105 cells/mL to perform the assays.

The concentrations used to assay the efficacy of cell viability in MCF-7 cells were
chosen after reviewing the available concentrations and IC50 values in the literature.
Following that, a trial experiment was conducted to determine the approximate range of
drug sensitivity for cell lines, and the following concentrations for the repurposed drugs: 1,
5, 10, 50 and 100 µM, were selected. Preferably, the two lowest doses should elicit little or
no response, and the two highest doses should elicit a maximal response [33].

Then, the MCF-7 cells were tested for cell viability using a variety of methods; the
MTT assay had the highest reproducibility for the MCF-7 cells.

LionHeart formed a cluster of MCF-7 cells exposed to the highest concentration of
benztropine, which disabled the count. The SRB assay measured the total cellular protein
content, not relying on cell function. However, the rise of protein synthesis at the lowest
and middle concentrations compared with the control group disabled the assessment
of the decrease of cell viability; perhaps these discrepancies were due to cell adaptation
mechanisms to the drugs tested [29]. As a result, in our model, this method was not the
best for determining cell viability. NR assay cell enumeration is independent of enzymatic
conversion, and the assay is dependent on intracellular dye accumulation in cellular
lysosomes [34]. The outcomes are expected to differ depending on the cell line used, the
drugs and their mechanisms of action [34].

MTT assay is widely used to screen anticancer drugs due to its high reproducibility.
The dye’s enzymatic conversion to formazan crystals, which occurs in numerous organelles
including the mitochondria and endoplasmic reticulum, is used to assess cell viability
(or cytotoxicity). Nevertheless, MTT has limitations since the conversion to formazan
crystals depends on metabolic rate and mitochondria, resulting in many interferences [34].
Moreover, since it is an absorbance-based assay, it can be less sensitive to sense minor
changes. Therefore, it is essential to validate results that directly measure cell apoptosis
and necrosis, such as caspase activation, membrane alteration or DNA fragmentation [35].

4.2. Chemotherapeutic of Reference: Paclitaxel

Unlike other tubulin-targeting drugs that inhibit microtubule assembly, paclitaxel
stabilizes the microtubule polymer and protects it from disassembly. Clinically, high
resistance to this drug is observed as one of the significant causes of death associated with
treatment failure. ABC transporters, microRNAs or mutations in other genes are examples
of contributors to paclitaxel resistance. Paclitaxel side effects, such as hypersensitivity
or peripheral sensory neuropathy (with significant neutropenia), limit this drug’s dose,
resulting in lower response rates. Paclitaxel’s effects are time and dose-dependent. The
concentrations used in this screening were chosen based on the literature [30,31], with
concentrations above 50 nM not included. Increasing concentrations above that value
would not result in additional cytotoxicity after 24 h of drug exposure.

The results we obtained were in accordance with the literature. We obtained a great
response for paclitaxel using only 5 nM, and we could verify in our experiments that
prolonged exposure of tumor cells to paclitaxel (for 48 h) is more effective than exposure
for 24 h (Figure 7).

Paclitaxel’s efficacy is dependent on combination with other chemotherapeutic agents,
and the sequence of chemotherapy administration is essential. However, these combina-
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tions are usually toxic and resistance is a significant problem. The combination of paclitaxel
with repurposed drugs has the potential to mitigate these difficulties.

4.3. Screening of the Selected Repurposed Drugs

Since only benztropine and thioridazine demonstrated the capacity to reduce MCF-
7 cell viability, we will proceed with the discussion focusing only on these two drugs.
Quetiapine, selegiline, rasagiline, 2-PCPA and m-CPBH did not meet our criteria.

4.3.1. Thioridazine

Thioridazine is a dopamine receptor antagonist that displays antipsychotic activity,
used to manage psychoses including schizophrenia and control severely disturbed or
agitated behavior. It has been shown to arrest proliferation and induce apoptosis in a broad
spectrum of cancer cell lines, including breast cancer. Thioridazine triggers apoptosis by
targeting the PI3-K/Akt/mTOR/p70 S6K pathway and induces G1 cell cycle arrest. More
recently, in an identification study of drugs that can selectively target cancer stem cells, it
was demonstrated that thioridazine could target CSCs due to the inhibition of dopamine
receptor 2 (DRD2). Besides, some studies demonstrate that the self-renewal of several, but
not all, triple-negative breast cancer cell lines is also inhibited by thioridazine [36,37]. In
our study, thioridazine proved to be efficient at reducing cell viability both at 24 h and
48 h (Figure 11). Cytotoxicity augmented with increasing concentrations, and the dose-
response curve, was obtained over 48 h, with the IC50 value equal to 6.86 µM (Figure 12),
demonstrating that with small doses, this drug already has a pronounced effect on MCF-7
cell viability. Despite the efficiency of this drug being better described for other cell lines,
thioridazine makes an excellent candidate for repurposing and combination treatments on
breast cancer.

4.3.2. Benztropine Mesylate

Benztropine’s main indication is for Parkinson’s disease, and the pharmacological
effects come from its anticholinergic activity. It is a centrally acting antihistamine and
dopamine reuptake inhibitor. To date, no studies on the MCF-7 cell line can be found. In
2017, extensive research regarding this drug’s efficacy on a triple-negative breast cancer cell
line (MDA-MB-231) was performed. The inhibitor function of benztropine for CSCs in vivo
and in vitro was described. This inhibitory effect was mediated by acetylcholine receptors,
dopamine transporters/receptors and/or histamine receptors—CSCs, for example, cause
increased acetylcholine receptor expression levels [24]. Recently, Sogawa et al. showed,
by inhibiting the dopamine transporter SLC6A3 and reducing the signal transducer and
activator of transcription, that benztropine suppresses tumor growth, circulating tumor
cells and metastasis [38]. The study clarified that the antitumor effect does not involve
dopamine or dopamine receptors and suggested the involvement of dopamine transporter
SLC6A3. This transporter is usually genetically amplified in several types of cancers and
involved in a poor prognosis, and therefore, is susceptible to active dopamine transporter
(DAT) inhibitors such as benztropine [38].

Benztropine displayed a statistically significant decrease in cell viability at all the
concentrations tested, both at 24 h and 48 h (Figure 14). Moreover, in comparison with
the study published by Sogawa et al., the IC50 calculated for other cell lines was 16.5 µM
(Figure 15), which is very close to the value obtained in our experiment (15.84 µM for 48 h).
All of this makes this drug a strong candidate for repurposing and combination.

4.4. Combination

The repurposed drugs tested in MCF-7 cells with the most promising results for
reducing cell viability were benztropine and thioridazine. Therefore, they were chosen
to be used in combination with paclitaxel (the reference antineoplastic drug). Figure 22
illustrates the model of combination used to test the efficacy of the drugs when combined.
The results demonstrate that their combination with paclitaxel is more effective than the
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single use of the repurposed or the reference drug. Furthermore, it is essential to keep in
mind that since paclitaxel is the reference drug for this type of cancer, we expected that a
low drug concentration (scale of nM) would be necessary to have pronounced effects on
cell viability. Therefore, repurposed drugs need higher amounts to have similar effects,
with their concentrations on a scale of µM.
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4.4.1. Paclitaxel and Benztropine Mesylate

The combination of these drugs was revealed to be very effective. The IC50 values
used for both drugs resulted in a reduction of cell viability down to the halfway point.
Paclitaxel and benztropine are very similar in reducing MCF-7 cell viability (Figure 17).

Moreover, it is worth noting the difference in the scale of the concentrations used to
test both drugs. For paclitaxel, the concentration is in nanomoles, and for benztropine,
the concentration is in micromoles. Therefore, benztropine, to have the same effect as
paclitaxel, needs to be used in higher concentrations. Nonetheless, these concentrations are
not too high to cause toxicity. We tested the combination of paclitaxel with benztropine at
the highest concentration (100 µM) to highlight the efficacy of benztropine.

Additionally, a study on the new use of old drugs tested the same combination in
the MDA-MB-231 cell line and compared the combination treatment with benztropine
alone; the combination was more efficient [24], which is in accordance with our results.
Interestingly, another article reported the neuroprotective effect of benztropine, associated
with lower expression of inflammatory cytokines [39]. On the contrary, as first-line conven-
tional cancer chemotherapy, paclitaxel has limited efficacy due to peripheral neuropathy.
However, this situation could be countered on the combined administration by protecting
the peripheral neurons with benztropine, reversing paclitaxel’s side effect.

4.4.2. Paclitaxel and Thioridazine

Thioridazine has been explored as a substitute for antitumor drugs since it has been
proposed that cancer chemotherapeutics often benefit from the combination of different
anticancer drugs. Since discovering thioridazine’s efficacy in breast cancer cells, the efficacy
in combination with other chemotherapeutics such as doxorubicin (in a codelivery study
using nanoparticles) has been extensively researched [40]. Our research demonstrates the
capacity of the combination of thioridazine and paclitaxel to reduce MCF-7 cell viability
(Figure 18).

4.4.3. Synergistic Effect of Combination

A combination of paclitaxel + benztropine demonstrated synergism (CI < 1) in both
combinations tested (Figure 19). These drugs work together to produce an effect more
potent on MCF-7 cells. On the contrary, the combination of paclitaxel + thioridazine
resulted in a synergistic (CI < 1) and antagonist effect (CI > 1). The combination with
the lowest thioridazine concentration, corresponding to its IC50, resulted in a synergistic
effect (Figure 19). Using thioridazine at 100 µM concentration resulted in an antagonist
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effect. It is interesting to see this duality with thioridazine since it indicates that at lower
doses, the mechanism of paclitaxel is potentiated, without the need to overly increase
thioridazine’s concentration.

This study suggests that the selected repurposed drugs have anticancer activity, by
decreasing cell proliferation. Synergism was evaluated using the Chou–Talalay method
based on the median-effect equation derived from the mass-action law principle [41]. This
unified theory encompasses the Michaelis–Menten, Hill, Henderson–Hasselbalch and
Scatchard equations in biochemistry and biophysics. It provides a quantitative definition
for additive effect (CI = 1), synergism (CI < 1) and antagonism (CI > 1) in drug combinations.
Our results demonstrated that benztropine and thioridazine as single agents can decrease
cell viability in a concentration-dependent manner, and their combination can improve the
anticancer activity of paclitaxel in MCF-7 cells. These results imply that these drugs may
be a promising chemosensitizing compound for enhancing paclitaxel’s cytotoxic effects.
Since benztropine and thioridazine are already on the market, they can be used in clinical
practice for anticancer treatment. More research into other breast cancer cell lines is needed
because different breast cancer cell lines have different metabolic profiles, phenotypic and
genotypic characteristics and drug resistance patterns (such as MDA-MB-231). According
to previous research, benztropine could inhibit CSC functions via acetylcholine receptors,
dopamine transporters/receptors and/or histamine receptors, which in combination with
the paclitaxel capacity of multipolar divisions can be a promising therapeutic option. In
the case of thioridazine, it is known to interfere in critical oncogenic pathways, such as the
PI3-K/Akt/mTOR pathway, and induce G1 cell cycle arrest, which sensitizes cancer cells by
enhancing antineoplastic drugs’ activity. Nevertheless, to better understand the anticancer
mechanisms underlying these combinations, more mechanistic research is needed. These
combinations should also be investigated for other types of cancer, such as prostate cancer.

4.5. LC-MS Analysis

LC-MS analysis further confirms the effects of benztropine and thioridazine, alone
and in combination with paclitaxel. Yet, the analysis was merely qualitative; it would
be fascinating to proceed with quantitative analysis to facilitate the investigation of the
mechanisms underlying this effect on cell viability. Future research could include a more
detailed analysis of the combination’s metabolism and action mechanism, predicting the
proposed combinations’ effectiveness and toxicity. Moreover, it was impossible to analyze
all treatments since the drugs formulated with DMSO interfered with the column of LC,
hindering the results.

4.6. Vimentin Expression Is Altered by Drug Administration in MCF-7 Cells

Vimentin is a major part of the cytoskeleton of mesenchymal cells usually used as a
marker of mesenchymal-derived cells or cells undergoing an epithelial-to-mesenchymal
transition, both normal and metastatic. Therefore, vimentin expression contributes to
breast cancer malignancy [42]. Higher vimentin levels contribute to the poor survival
rate in patients after taxane and anthracycline chemotherapeutic treatment, suggesting
that vimentin has a possible role in cancer progression [43]. Drugs that can either block
the formation of vimentin-tubulin complexes or keep the expression of vimentin (and
other epithelial-mesenchymal transition (EMT= markers) at the basal level are an asset to
cancer therapy.

The vimentin expression pattern varies in MCF-7 cells with different treatment expo-
sures. Since the cell viability assays suggested that the combined administration is more
effective in reducing MCF-7 viability than the drugs alone, we expected similar vimentin
expression levels for both treatment schemes. However, this was not the case; further
studies are needed to better understand the mechanisms responsible for cell viability. This
observation complements what has been observed on the cell’s chromatogram treated with
thioridazine and paclitaxel in combination (Figure 20).
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4.7. E-cadherin Expression Is Altered by Drug Administration in MCF-7 Cells

MCF-7 cells express E-cadherin (Figure 21A); however, the expression levels are lower
than expected. According to the literature, non-treated MCF-7 cells typically express high
E-cadherin levels and express low levels of or even no vimentin. However, we observed
a slightly different pattern in our experiment, with a similar expression of both markers
in non-treated cells (Figures 20A and 21A). Increased vimentin expression in MCF-7 is
associated with an increase in the cell migration rate, increase in the EMT’s upregulation,
and decrease in E-cadherin’s downregulation.

Treatment with the reference drug led to a slight reduction of E-cadherin compared
to the control (Figure 21B). When compared to the control cells, for the cells treated with
the repurposed drugs it is possible to see a reduction in or almost no expression of E-
cadherin (Figure 21C,D). However, when the cells are treated with the combinations of
drugs—benztropine plus paclitaxel or thioridazine plus paclitaxel—there is only a slight
reductive effect on E-cadherin expression (Figure 21E,F). This effect is more accentuated
for thioridazine combination with paclitaxel. Comparing this result with the cell viability
assays shows that the treatment decreases cell viability due to alteration of E-cadherin
expression with a slight effect on vimentin expression. Further analyses are necessary to
understand the combination mechanism that reduces cell viability and explore possible
effects on EMT transition induced by drug administration. Additionally, the cells treated
with combined drugs have more vacuoles, which is a sign of stress, and the cell morphology
is quite different (less rounded, Figure 22).

4.8. Study Considerations and Future Research

Benztropine and thioridazine had the desired effect on cell viability. However, we
were not able to yet unveil what is happening at the cellular level. Further studies are
needed to understand if the drugs used induce cell apoptosis, influence cell proliferation or
restrict cell viability. Due to the complex molecular signaling pathway involved in cancer
cells, it is crucial to search for drugs that can interfere with already specified mechanisms,
especially in new ones. Resistance mechanisms to the available drugs are one of the major
health problems nowadays.

Regarding cancer, changes in expression and adaptability can be one of the strategies
adopted by the cells. It would be interesting to search for dopamine and serotonin’s
detailed expression patterns to improve their inhibiting capacity, leading to more specific
and targeted treatment. Additionally, isolating cancer stem cells and identifying therapies
that specifically kill this cell population will improve patient treatment and survival. The
mechanisms by which CSCs escape chemotherapy and cause chemoresistance are highly
complex, and further analysis is necessary regarding the effects of the combination in the
concentrations tested.

Recently, the focus on treatments that only result in temporary growth inhibition and
tumor bulk reduction has been deviated from toward treatments that target the stem cell
population, such as benztropine and thioridazine. To make this study more complete, it
would be necessary to test the effects of the combination proposed on a non-tumorigenic
cell line, MCF-10A. If the effects of the combination on cell viability were more significant
than the effects of paclitaxel, the combined administration would be considered toxic.
Therefore, further analysis is necessary for the viability of non-tumorigenic cell lines. This
study aims to find alternatives to conventional chemotherapeutic agents. Preferably, these
agents should have high efficacy and efficiency in killing breast cancer cells but with low
toxicity for healthy cells. No drug is innocuous, but some are more aggressive, which
interferes with patients’ wellbeing, reducing their quality of life during treatment. It would
also be interesting to learn whether the combination tested in this study is effective in other
subtypes of breast cancer, such as more aggressive ones, and compare the cytotoxicity of
healthy cells treated with the combination with that of ones treated only with paclitaxel.
Since the discovery of benztropine’s effects in breast cancer, there has been a race toward
its characterization and our understanding of its utility to treat. When it comes to clinical
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treatments, the combination may cause problems. Patients may experience side effects
due to their treatment, and determining which compound is to blame can be difficult. As
a result, calculating dosages can be difficult. If the patient’s combination therapy is not
carefully planned, it can lead to financial and health-related issues [44]. Drug interaction
must be carefully considered in clinical practice because one drug’s metabolic activity
can interfere with the secondary drug’s metabolic activity, for example, causing toxicity
accumulation [18].

5. Conclusions

Breast cancer remains an incurable disease for most patients, despite significant phar-
macological advances in its treatment. So, the search for new therapies must go on. Since
many breast cancer chemotherapeutic agents have a slew of negative side effects, the
development of potent compounds that are specific to tumor cells but do not have harmful
side effects on normal mammalian cells is a major challenge. According to our results,
the combination with a dopamine receptor-altering drug (benztropine or thioridazine) is
synergistic (and antagonistic only for the combination of paclitaxel and thioridazine at its
highest concentration). The combination reduces MCF-7 cells’ viability, and consequently,
we can affirm that it inhibits cell growth. We also observed that the treatment of MCF-7
cells results in decreased expression of vimentin. As well as this, we observed a partial
reduction of E-cadherin expression; however, more studies are needed to confirm this result.
Considering the efficacy for long-term administration as an antipsychotic, it is possible
to conclude that the described combinations of repurposed drugs with paclitaxel present
promising candidates as less-cytotoxic chemotherapeutic agents for breast cancer treatment,
potentially improving treatment options for this currently incurable disease. However, bet-
ter knowledge of the mechanisms of action underlying these drug combinations is required
to understand the role of dopamine and serotonin. Moreover, it would be interesting to
perform more advanced work in vivo to get closer to possible future human applications.
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from the MCF-7 cells treated with benztropine at the IC50 concentration for 48 h. The base peak is
low; the m/z is 308.2. Figure S6: LC-MS chromatogram of the supernatant obtained from the MCF-7
cells treated with benztropine at the highest concentration, 100 µM, for 48 h. The base peak is low;
the m/z is 308.2. Figure S7: LC-MS chromatogram of the supernatant obtained from the MCF-7
cells treated with a combination of benztropine and paclitaxel at the IC50 concentration. The m/z is
308.2 for benztropine (left) and 854.4 for paclitaxel (right). Figure S8: LC-MS chromatogram of the
supernatant obtained from the MCF-7 cells treated with a combination of benztropine at the highest
concentration, 100 µM, and paclitaxel at its IC50 concentration for 48 h. The base peak is low; the m/z
is 308.2. Figure S9: LC-MS chromatogram of the supernatant obtained from the MCF-7 cells treated
with thioridazine after 24 h of treatment at the IC50 concentration; the m/z is 371.16. Figure S10:
LC-MS chromatogram of the supernatant obtained from the MCF-7 cells treated with thioridazine
at the IC50 concentration; the m/z is 371.16. Figure S11: LC-MS chromatogram of the supernatant
obtained from the MCF-7 cells treated with a combination of thioridazine and paclitaxel at the IC50
concentration for 48 h. The m/z is 371.11 for thioridazine (left) and 854.4 for paclitaxel (right).
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