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Abstract
Background: The phosphatidylinositol 3-kinase (PI3K)/AKT signaling pathway is hyperactivated in
lung cancer and regulates a broad range of cellular processes, including proliferation, survival,
angiogenesis, and metastasis. Thus PI3K is considered a promising target for therapy. To date, PI3K
inhibitors have not been approved for lung cancer. Recent studies showed that the antipsychotic
agent flupentixol induced apoptosis of lung cancer cell, however the anti-tumor mechanism of
flupentixol remains unclear.
Methods: (1) The idock software simulated the molecular docking between the PI3Kα protein and
flupentixol. (2) Inhibition of PI3Kα by the flupentixol was examined by in vitro kinase assays. (3) The
cytotoxicity of flupentixol on the NSCLC cell lines was tested by MTT assays. (4) We treated A549
and H661 cells with flupentixol and then measured the percentage of apoptotic cells by the Annexin
V/PI analysis. (5) We investigated the effect of flupentixol on the expression of critical PI3K/AKT
signaling pathway proteins, further analyzed on the cleavage of PARP and caspase-3 by Western
blotting. (6) BALB/C nude mice were subcutaneously injected with A549 cells to evaluate the effect
of flupentixol on the growth of lung carcinoma.
Results: Structural analysis of the predicted binding conformation suggested that flupentixol docks
to the ATP binding pocket of PI3Kα. Kinase assays demonstrate that flupentixol indeed inhibited the
PI3Kα kinase activity. Flupentixol exhibited cytotoxicity in lung cancer cell lines A549 and H661 in a
dose- and time-dependent manner. Furthermore, flupentixol more strongly inhibited the
phosphorylation of AKT (T308 and S473) and the expression of its downstream target gene Bcl-2
than two known PI3K inhibitors (BYL719 and BKM120). Flupentixol induced apoptosis as measured
by PARP and caspase-3 cleavage. Finally, flupentixol significantly suppressed A549 xenograft growth
in BALB/C nude mice.
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Conclusions: Flupentixol could be docked to the PI3Kα protein and specifically inhibit the
PI3K/AKT pathway and survival of lung cancer cells in vitro and in vivo. As an old drug, flupentixol is
a new PI3K inhibitor that may be used for the treatment of lung cancers.
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Introduction
Nonsmall-cell lung cancer (NSCLC) is the
leading cause of cancer deaths worldwide [1]. In the
last decade, the identification of activating EGFR
mutations and ALK rearrangements allowed new
targeted therapies and greatly improved the survival
and prognosis of patients with advanced NSCLC [2].
However, drug resistance is a great challenge for
targeted therapies, such as EGFR and ALK inhibitors
[3, 4]. Therefore, it is urgent to explore drug resistance
mechanism and identify new therapeutic targets for
the combination therapy.
The phosphatidylinositol 3-kinase (PI3K)/AKT
signaling pathway is hyperactivated in lung cancer
and regulates a broad range of cellular processes,
including proliferation, survival, angiogenesis, and
metastasis [5]. Activation of this signaling pathway
has been frequently associated with drug resistance
[6]. Lung cancer patients’ acquired resistance to EGFR
inhibitors usually is attributed to the activation of the
PI3K/AKT pathway [7]. PI3K pathway inhibitors
have emerged as a possible solution for EGFR
inhibitor resistance [8]. The PI3K/AKT pathway is
frequently activated due to the mutation of PIK3CA, a
gene encoding the p110α catalytic subunit of PI3K
(PI3K p110α) or the inactivation of the phosphatase
and tensin homolog (PTEN) protein [9]. PI3K, as a
proto-oncogene, is a promising therapeutic target for
lung cancer [10].
Flupentixol is a highly effective antipsychotic
drug for the treatment of schizophrenia or depression.
Flupentixol was used to treat depressive cancer
patients and achieved good results [11]. Flupentixol
has been reported to reverse drug resistance and to
exhibit a synergetic effect with gefitinib. Recent
studies showed that flupentixol induced apoptosis of
T790M mutation lung cancer cell and synergized with
gefitinib in response to EGFR inhibitor resistance [12].
The chemosensitivity effect of flupentixol resulted
from increased intracellular drug accumulation via a
mechanism unrelated to P-glycoprotein [13].
However, the anti-tumor mechanism of flupentixol
remains unclear.
In this study, we found that flupentixol could be
docked to PI3Kα by computer protein-ligand docking
software, idock. We further confirmed that flupentixol
inhibited cell proliferation and induced apoptosis in
two NSCLC cell lines by blocking the PI3K/AKT

signaling pathway. Flupentixol may serve as a new
PI3K inhibitor for the treatment of lung cancer.

Materials and Methods
PI3Kα molecular docking by compute
ensemble
The idock software simulated the molecular
docking between the PI3Kα protein and flupentixol.
The visual docking results are available at
http://istar.cse.cuhk.edu.hk/idock/iview/?4JPS-dba
p+fda+npc.

Chemicals, antibodies, cell lines, and cell
culture
Flupentixol and two known PI3K inhibitors
(BYL719 and BKM120) were purchased from J&K
Scientific Ltd. (Beijing, China). The lung cancer cell
lines NCI-H661 (large cell), A549 (adenocarcinoma),
NCI-H520 (squamous), and SK-SEM-1 (squamous)
were obtained from the Cell Bank of Kunming
Institute of Zoology, Chinese Academy of Sciences.
The normal lung bronchial epithelial cell line
BEAS-2B was obtained from Key Laboratory of Lung
Cancer Research in Yunnan Province. NCI-H661 and
NCI-H520 cells were cultured in RPMI 1640
containing 10% fetal bovine serum (FBS) (Invitrogen,
Rockville, Maryland, USA). A549 and SK-SEM-1 cells
were cultured in DMEM containing 10% FBS
(Invitrogen). BEAS-2B cells were cultured in F-12
containing 10% FBS (Invitrogen). All media were
supplemented with 100 U/ml penicillin and 0.1
mg/ml streptomycin. All cells were cultured at 37 °C
in 5% CO2.
Antibodies against PI3K-p110α, total AKT,
phospho-AKT(S473), phospho-AKT(T308), ERK,
phospho-ERK, Bcl-2, VEGF, MMP-9, PARP,
pro-caspase3, cleaved-caspase3, and β-actin were
purchased from Cell Signaling Technology
(Massachusetts, USA) and Abcam (San Francisco,
USA).

Cell-free biochemical kinase inhibition assay
Inhibition of PI3Kα by the flupentixol was
examined in a cell-free system by assessing the
phosphorylation of a poly-EY (4:1 Glu, Tyr) peptide
substrate with recombinant kinases PI3Kα (Upstate
Biotechnology). Inhibition of the recombinant kinases
http://www.ijbs.com
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was evaluated by using the ADP-Glo Kinase assay kit
according to the manufacturer’s instruction (Promega,
Madison, WI, USA). Briefly, the flupentixol in a range
of different concentration (1 nM-1 µM) were
incubated with 4 ng of the recombinant kinases and
0.2 µg/mL of the poly-EY substrate at room
temperature for 60 min. Then, 5 µL of ADP-Glo
reagent was added and incubation continued at room
temperature for another 40 min. Finally, 10 µL of
kinase detection reagent was added and the mixture
was allowed to incubate at room temperature for 30
min before the measurement of luminescence by
GloMax 20/20 Luminometer (Promega).
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antibodies. Proteins were detected using the enhanced
chemiluminescence detection system (Amersham
Biosciences, Piscataway, New Jersey, USA). To
calibrate for equal loading of samples, the membranes
were reprobed with an anti-β-actin antibody.

A549 growth in nude mice

A549 and H661 cells were seeded in 96-well
plates at a density of 7×103 cells per well for 72 hours
and treated with 2.5, 5, 10, 20 and 40 μM of chemicals
for 24, 48, and 72 hours. The growth inhibitory effects
of the chemicals tested on cells were evaluated by
MTT assays. Absorbance was measured at 570 nm
with a Synergy 2 microplate reader (Bio-Tek
Instruments, Inc., Winooski, VT, USA) according to
the standard protocol. The IC50 values were calculated
by GraphPad Prism 5.

Male BALB/C nude mice of 5–6 weeks old were
purchased from the Department of Animal
Experiment, Kunming Medical University, and raised
under pathogen-free conditions. A549 cells (1×106/0.2
ml PBS per mice) were injected subcutaneously into
the right flank of the mice. Seven days after
inoculation, tumors grew to a volume of 80–100 mm3.
The mice were randomly divided into two groups (six
mice per group) and injected by intragastric injection
administration (i.g.) every day for 21 days with either
PBS (control group) or flupentixol (40 mg/kg in PBS).
Tumor volumes were measured every 3–4 days after
tumor appearance and calculated by the equation
V=ab2/2 (a=longest axis; b=shortest axis). The mice
were sacrificed on day 21 after treatment, and tumors
were isolated and weighed. The study was approved
by the laboratory animal ethics committee of
Kunming Medical University.

Apoptosis analysis by flow cytometry

Statistical analysis

A549 and H661 cells were seeded in 24-well
plates at a density of 6×104 cells per well for 24 hours
and exposed to flupentixol, cisplatin, or the
combination of the flupentixol and cisplatin for 24
hours. The cells were harvested and stained with
Annexin V-FITC/propidium iodide (PI) according to
the manufacturer’s instructions (Beijing 4A Biotech
Co., Ltd, Beijing, China). Apoptotic cells were
analyzed by flow cytometry (CyFlow Space/Partec,
Germany).

The results were obtained from at least three
different experiments and expressed as the mean ±
SEM (the standard error of the mean). Statistical
analysis was performed by one-way ANOVA
(analysis of variance), and the difference was
considered statistically significant if p < 0.05.
Statistically significant results are marked with
asterisk symbols (*) in the figures.

Western blotting

Flupentixol binds to PI3Kα by computer
ensemble docking

MTT assays

A549 and H661 cells were seeded in 6-well plates
for 24 hours and treated with 10% FBS containing
flupentixol and cisplatin. After 24 hours of incubation,
the cells were harvested and lysed with RIPA buffer
containing 1 mM PMSF and protease inhibitor
cocktail at 4 °C for 30 minutes and centrifuged at
13,000 rpm for 15 minutes. The supernatants were
recovered, and the protein concentrations were
measured using the BCA Protein Assay Kit (Thermo
Scientific, Massachusetts, USA). The same amounts of
cell lysates were resolved by 10% SDS-PAGE and
transferred onto the nitrocellulose membranes
(Sigma, Shanghai, China). After blocking with skim
milk, the membranes were incubated sequentially
with appropriately diluted primary and secondary

Results

In our previous study, we used free and
open-source protein-ligand docking software [14, 15]
and found that flupentixol binds to the ATP-binding
pocket of PI3Kα. Flupentixol dihydrochloride (ZINC
ID: 29489118) was found to bind to PI3Kα with a high
affinity. Its binding free energy predicted by idock
was -8.52 kcal/mol, and its binding affinity predicted
by RF-Score was 7.11 pKD. The structure of
flupentixol is shown in Figure 1A. The predicted
conformation of flupentixol in complex with PI3Kα is
shown in Figure 1B. Putatively, it forms three
hydrogen bonds with Val851 and Asp810, a salt
bridge with Asp933, and hydrophobic contacts with
Tyr836 and Ile932.
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Figure 1. Ensemble docking of flupentixol binding to PI3Kα. (A) The structure of flupentixol. (B) The predicted conformation of flupentixol in complex with PI3Kα.
PI3Kα is shown in molecular surface representation colored by atom type. Flupentixol is rendered as sticks colored by atom type. Intermolecular interacting atoms and residues
are labeled. The cyan, purple and green dashed lines indicate hydrogen bonds, salt bridges and hydrophobic contacts, respectively. This figure was created by the web-based
visualizer iview. (C) Flupentixol significantly inhibited PI3Kα kinase activity in a dose dependent manner (IC50: 127 ± 5.87 nM)

Flupentixol significantly inhibited PI3Kα kinase
activity in vitro
Since flupentixol was identified by idock to
interact with PI3Kα, we hypothesized that their
anti-cancer activity was attributed in part to its ability
to inhibit PI3Kα kinase activity. The inhibitory effects
of flupentixol on the activity of PI3Kα kinase was
evaluated in a cell-free system as described in the
method section. The experimental results showed that
flupentixol inhibited PI3Kα kinase activity in a dose
dependent manner (IC50= 127±5.87 nM) (Figure 1C).

Flupentixol decreases the viability of lung
cancer cells
We tested the cytotoxicity of flupentixol on the
NSCLC cell lines including A549, H661, SK-SEM-1,
and NCAL-H520 as well as BEAS-2B, an SV40
immortalized normal lung bronchial epithelial cell
line by MTT assays. Flupentixol displayed excellent
inhibitory effects in four NSCLC cell lines but little
cytotoxicity in BEAS-2B cells (Figure 2A). Among the
four NSCLC cells, flupentixol exhibited a stronger
anticancer effect on A549 and H661 cell lines in a
dose- and time-dependent manner (IC50=5.708 μM in
A549, 6.374 μM in H661) (Figure 2B). Importantly, the
IC50 of flupentixol in A549 and H661 was significantly
lower
than
two
known
PI3K
inhibitors,
PI3Kα-selective inhibitor alpelisib BYL719 (IC50=45.9
μM) and pan-PI3K inhibitor buparlisib BKM120
(IC50=63.9 μM) (Figure 2C). These results suggest that
flupentixol is highly efficient in inhibiting the viability
of lung cancer cells.

Flupentixol induces apoptosis in lung cancer
cells
To determine whether flupentixol kills lung
cancer cells through apoptosis, we detected apoptosis
by the Annexin V/PI analysis. We treated A549 and
H661 cells with flupentixol (5, 10, 20 and 40 μM) for 24
hours and then measured the percentage of apoptotic

cells. As shown in Figure 3A, flupentixol (10, 20, or 40
μM) significantly increased the percentage of cells in
early apoptosis compared with the negative control in
both A549 and H661 (p< 0.05) (Figure 3B). We further
examined the cleavage of poly-(ADP-ribose)polymerase (PARP) and caspase-3, two apoptotic
biomarkers by Western blotting. Flupentixol induced
the cleavage of PARP and caspase-3 in a
dose-dependent manner (Figure 3C). These results
demonstrate that flupentixol induces apoptosis in
lung cancer cells.

Flupentixol inhibits p-AKT and Bcl-2
expression levels
Accumulating evidence indicated that the
activation of the PI3K/AKT pathway is involved in
lung cancer cell proliferation, survival, invasion, and
metastasis. The expression level of phosphorylated
AKT (p-AKT) can be used as an indicator to evaluate
the inhibition of the PI3K/AKT pathway. We
investigated the effect of flupentixol on the expression
level of pAKT by Western blotting (Figure 4A).
Flupentixol had no effect on PI3K p110ɑ protein
expression in H661 and A549 cells. As expected, AKT
phosphorylation (Thr308 and Ser473) levels were
significantly decreased by flupentixol in a
dose-dependent manner, whereas total AKT protein
levels were not affected. Flupentixol did not decrease
the phosphorylation levels of ERK, indicating the
specificity of flupentixol to the PI3K/AKT pathway.
Flupentixol also decreased the expression levels of
Bcl-2 but not MMP-9 or VEGF.
Compared to the known PI3K inhibitors (BYL719
and BLM120), the inhibitory effect of flupentixol was
stronger in decreasing the expression of AKT
phosphorylation and Bcl-2 (Figure 4B).

Flupentixol suppresses A549 xenografted
tumor growth in nude mice
Finally, we evaluated the effect of flupentixol on
the growth of lung carcinoma in vivo. BALB/C nude
http://www.ijbs.com
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mice were subcutaneously injected with A549 cells.
Fourteen days after inoculation, tumors grew to a
volume of 50-80 mm3. The mice were randomly
divided into two groups (six mice per group) and
injected by intragastric injection administration (i.g.)
every day for 21 days with PBS (control group) or
flupentixol (40 mg/kg). Our results showed that
flupentixol significantly reduced tumor volumes
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compared to the vehicle control (p<0.05) (Figure 5A).
Flupentixol also significantly reduced tumor weights
by 64.1% (p<0.05) (Figures 5B-C). The treatment with
flupentixol did not substantially affect the average
body weight of the mice (Figure 5D). These results
suggest that flupentixol is a potentially safe and
effective oral anticancer drug for lung cancer.

Figure 2. Flupentixol decreases lung cancer cell viability. (A) Flupentixol (2.5, 5, 10, 20, or 40 μM) inhibited the viability of four NSCLC cell lines (H661, A549, H520 and
SK-SEM-1) in a dose-dependent manner but had little effect on BEAS-2B cells. The cells were treated with flupentixol for 24 hours, and MTT assays were performed to measure
cell viability. (B) H661 and A549 cells were treated with increasing concentrations of flupentixol (2.5, 5, 10, 20, or 40 μM) for 24, 48, and 72 hours. The inhibitory effect of
flupentixol in lung cancer cells was in a dose- and time-dependent manner. (C) The 24-hour cytotoxicity of flupentixol was stronger than those of two known PI3K inhibitors
(BYL719 and BKM120) in A549 and H661 cells.
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Figure 3. Flupentixol induces apoptosis in lung cancer cells. (A) Flupentixol induced apoptosis in A549 and H661 lung cancer cells. A549 and H661 cells were treated
with flupentixol at 5, 10, 20 or 40 μM for 24 hours. Apoptosis was measured by Annexin V/PI staining and flow cytometry. (B) The quantitative results of panel A. (C) Flupentixol
induced the cleavage of caspase-3 and PARP in lung cancer cells, as measured by Western blotting. A549 and H661 cells were treated with flupentixol (1.25, 2.5, 5, or 10 μM) for
24 hours.

Discussion
Nonsmall-cell lung cancer (NSCLC) is the most
common pathological type of lung cancer. The
treatment of NSCLC has changed the distribution of
the histological subtypes to defined molecular targets.
EGFR
gene
mutations,
MET
amplification,
EML4-ALK rearrangements are widely recognized
alterations involved in the pathobiology with clinical
impact for the NSCLC treatment. Recently, new
oncogenic gene alterations have been identified in

NSCLC, including HER2 mutations, BRAF mutations,
and alterations of the PIK3/AKT/mTOR pathway
[16]. The PI3K/AKT pathway is activated in many
cancers and plays a pivotal role in both initiation and
progression of NSCLC [17]. Mutations in the PIK3CA
gene encoding the class I PI3K p110α, are identified in
3.7% of the total cohort of 1,144 NSCLC patients [18].
PIK3CA was mutated in 15% of 132 advanced NSCLC
patients with EGFR mutation treated with gefitinib
[8]. PIK3CA amplification was frequently found in the
Chinese NSCLC populations [19].
http://www.ijbs.com
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Figure 4. Flupentixol specifically inhibits the PI3K/AKT pathway in lung cancer cells. (A) The expression levels of p-AKT (S473 and T308) and Bcl-2 were decreased
by flupentixol in a dose-dependent manner. A549 and H661 cells were treated with increasing concentrations of flupentixol (2.5, 5, 10 or 15 μM) for 24 hours. Flupentixol had
no effect on PI3K p110ɑ, t-AKT, p-ERK, t-ERK, VEGF, or MMP-9. (B) The inhibitory effects of two known PI3K inhibitors (BYL719 and BKM120) on the expression of p-AKT,
t-AKT, and Bcl-2 in A549 and H661 cells.
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Figure 5. Flupentixol suppresses A549 tumor growth in nude mice. (A) Flupentixol significantly inhibited A549 tumor growth in nude mice. A549 cells were
subcutaneously inoculated in BALB/C nude mice to allow growth to approximately 70-80 mm3. Flupentixol (40 mg/kg daily) was administrated (i.g.) daily for 21 days. (B) The
tumor mass harvest at the end of the experiment. (C) The average tumor weights from the flupentixol treatment group and the negative control group. (D) Flupentixol had no
significant effect on the mouse body weights.

The phosphatidylinositol 3-kinases (PI3Ks) are a
family of lipid kinases. The class I PI3Ks among three
subclasses are heterodimeric protein complexes
composed of a p110α catalytic subunit and a p85
regulatory subunit, primarily involved in the
pathogenesis of human cancers [17]. Furthermore, the
tumorigenic potential of p110α mutations was well
validated [20]. In contrast, no oncogenic mutations
were identified in other catalytic subunits, p110β,
p110γ, or p110δ. The activation of the PI3K/AKT
signaling pathway leads to increases in cell
proliferation and survival. AKT promotes cell growth
and survival by phosphorylating many cellular
targets, which trigger distinct downstream signaling
events [21]. Moreover, the aberrant activation of the
PI3K/AKT pathway plays a role in the development
of resistance to chemotherapy and acquired resistance
to EGFR inhibitors [5]. Thus, PI3K is a promising
therapeutic target for lung cancer.
Several PI3K inhibitors are currently undergoing
evaluation in preclinical and clinical studies [22].
These PI3K inhibitors include pan and selective PI3K
inhibitors and dual PI3K and mTOR inhibitors.
Idelalisib, also known as CAL-101, was approved in
the United States and European Union for the
treatment of three indolent B-cell neoplasms in 2014
[23]. Buparlisib, an oral pan-PI3K inhibitor, has shown

preclinical anti-tumor activity. The phase I study of
buparlisib in adult Chinese patients with advanced
solid tumors established a recommended dose of 100
mg/day and showed an acceptable safety profile and
evidence of efficacy [24]. The phase I study of
buparlisib combined with carboplatin and paclitaxel
for advanced solid tumor patients (NCT01297452)
showed the notable preliminary activity in
PTEN-deficient tumors [25]. Buparlisib reverted the
aggressive phenotype by reducing metalloproteinase
production in the xenograft model of squamous cell
carcinoma of the lung (SQCLC) [26]. A phase II cluster
study of BYL719, a specific PI3Kα inhibitor, in
patients with PIK3CA gene mutation/amplification in
Chinese patients with advanced nonsmall cell lung
cancer is ongoing [27]. To date, PI3K inhibitors have
not been approved for lung cancer yet.
Flupenthixol is an antipsychotic medication used
to treat schizophrenia and/or depression in a dose
range of 0.5–3 mg/tablet for decades [28]. As a strong
and selective dopamine receptor antagonist,
flupenthixol inhibited drug transport and reverse
drug resistance mediated by the human multidrug
transporter P-glycoprotein (P-gp) [29]. Recent studies
showed that flupentixol may improve chemotherapy
sensitivity and overcome drug resistance mediated by
downregulation of the mutant MDR1 [29]. Flupentixol
http://www.ijbs.com

Int. J. Biol. Sci. 2019, Vol. 15
reversed multidrug resistance and improved
chemosensitivity in murine fibrosarcoma cells [13].
Here, we demonstrated that flupentixol
possesses cytotoxicity in all pathological types of
NSCLC cell lines, including H661 (large cell lung
cancer), A549 (adenocarcinoma), NCI-H520 and
SK-SEM-1 (squamous cell carcinoma). Flupentixol
showed the strongest inhibitory effect on A549 and
H661, while it had little toxicity in normal lung
bronchial epithelial cells. Compared to two known
PI3K inhibitors, BYL719 and BKM120, flupentixol
showed more potent cytotoxicity in A549 and H661
cells. The pan-PI3K inhibitor BKM120 showed a
significant cytotoxic activity on various tumor cell
lines, including lung cancer, and a strong synergistic
antiproliferative effect combined with chemotherapy
[30]. BYL719, a specific PI3Kα inhibitor, combined
with MEK1/2 inhibitor showed a synergistic effect on
lung cancer A549 cell line in vivo and in vitro [31]. We
previously reported that flupenthixol (20 μM)
exhibited anticancer activity in both HCC827 and
H1975 lung cancer cells harboring the EGFR T790M
mutation [12]. Flupentixol dihydrochloride is a
thiophene drug with a piperazine side chain. The
pharmacological structure of thiophene was assessed
for anti-inflammatory and anti-cancer activities [32].
We speculate that the anticancer effect of flupentixol
dihydrochloride may be related the structure of
thiophene. More structure and function analyses will
be required to develop better compounds derived
from flupenthixol.
By phosphorylating a large number of
downstream targets, AKT promotes several important
processes, including cell proliferation, survival,
angiogenesis, invasion, and metastasis [33].
Flupentixol significantly inhibited the phosphorylation of AKT at both T308 and S473 sites in a
concentration-dependent manner but had no effect on
the total expression of AKT (t-AKT). Moreover, it had
no inhibitory effect on ERK, suggesting that
flupentixol may be a specific inhibitor of the
PI3K/AKT pathway. Flupentixol decreased the Bcl-2
protein expression levels in both H661 and A549 cell
lines. Bcl-2 is a key pro-survival protein whose
expression is upregulated by AKT [34]. We confirmed
that flupentixol induces the cleavage of caspase 3 and
PARP in both H661 and A549 lung cancer cell lines.
The inhibitory effect of flupentixol on p-AKT/Bcl-2
was stronger than those of the known inhibitors
(BYL719 and BLM120).
Flupentixol showed significant antitumor effects
on lung cancer A549 xenograft in nude mice by daily
oral administration. The pharmacokinetics analysis on
flupentixol showed that absorption rate could be
obtained from the oral film formulation and the
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relative bioavailability in humans was approximately
55% [35]. The time to reach peak concentrations for
tablet formulations ranged from 3 to 8 hours and the
elimination half-life (t½ β) was approximately 35
hours [36]. This finding suggested that flupentixol
had a reliable oral activity. Moreover, it should be
noted that flupentixol is slowly absorbed with a
relatively long half-life, suggesting that oral
administration of flupentixol is safe and tolerable. The
reported side-effects include renal insufficiency,
hypertension and, QT prolongation [37]. It is
necessary to conduct further experimental research on
the side effects of flupentixol.
Inhibition of the PI3K/AKT pathway may
overcome chemosensitivity in NSCLC. Recent
preclinical and clinical data on PI3K pathway
inhibitors in NSCLC, either as monotherapy approach
or in combination with chemotherapy or with drugs,
was effective [38]. The combination of buparlisib and
carboplatin or paclitaxel was well tolerated and
exhibited notable effects against tumors [39].
Therefore, the combinations of flupentixol with other
chemotherapies may exhibit synergistic efficacy.
In summary, we found that flupentixol could be
docked to the PI3Kα protein. Flupentixol can
specifically inhibit the PI3K/AKT pathway and
survival of lung cancer cells in vitro and in vivo. As an
old drug, flupentixol may become a targeted drug for
lung cancer with overactivation of the PI3K/AKT
pathway.
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