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A B S T R A C T

A series of quinoline-chalcone hybrids was designed as potential anti-cancer agents, synthesized and evaluated.
Different cytotoxic assays revealed that compounds experienced promising activity. Compounds 9i and 9j were
the most potent against all the cell lines tested with IC50= 1.91–5.29 µM against A549 and K-562 cells.
Mechanistically, 9i and 9j induced G2/M cell cycle arrest and apoptosis in both A549 and K562 cells. Moreover,
all PI3K isoforms were inhibited non selectively with IC50s of 52–473 nM when tested against the two mentioned
compounds with 9i being most potent against PI3K-γ (IC50= 52 nM). Docking of 9i and 9j showed a possible
formation of H-bonding with essential valine residues in the active site of PI3K-γ isoform. Meanwhile, Western
blotting analysis revealed that 9i and 9j inhibited the phosphorylation of PI3K, Akt, mTOR, as well as GSK-3β in
both A549 and K562 cells, suggesting the correlation of blocking PI3K/Akt/mTOR pathway with the above
antitumor activities. Together, our findings support the antitumor potential of quinoline-chalcone derivatives for
NSCLC and CML by inhibiting the PI3K/Akt/mTOR pathway.

1. Introduction

Cancer constitutes a tremendous load on society in more and less
economically developed countries alike [1]. In Egypt, age-standardized
incidence rates of cancer per 100,000 were 166.6 (both sexes), 175.9
(males), and 157.0 (females). By 2050, a 3-fold increase in incidence
cancer relative to 2013 was estimated in the Egyptian population, and
includes lung and leukemia cancers [2]. Search for new anti-cancer
agents have been always a challenging task for medicinal chemists to
counter the spread of cancer in Egypt and throughout the world. Qui-
noline, a biologically important heterocycle, has been widely in-
vestigated as an important motif in the development of anti-cancer
agents [3]. The mechanism of action of quinoline and its analogues
includes inhibition of several cell growth promoting factors such as
tyrosine kinases, proteasome, tubulin polymerization, topoisomerase
and DNA repair [3]. Chalcone is another scaffold of significant im-
portance in the discovery of anti-cancer agents [4]. Though not fully
explored, proposed mechanisms for the cytotoxic activity of chalcone

include induction of apoptosis, cell cycle disruption, inhibition of tu-
bulin polymerization, blockade of nuclear factor-kappa B, and inhibi-
tion of certain kinases required for cell cancer survival and proliferation
[4]. One pathway that was reported to be inhibited by both quinoline
[5,6] and chalcone [7,8] scaffolds is PI3K/AKT/mTOR pathway. PI3K/
AKT/mTOR cascade is one of the most important commonly activated
pathways in lung cancer and leukemia [9,10]. The phosphoinositide 3
kinases (PI3Ks) constitute a family of lipid kinases, which includes
PI3K1, PI3K2 and PI3K3 that phosphorylate the 3-hydroxy group of
phosphoinositides. PI3K1 is the most well-characterized PI3Ks, which
comprise a catalytic subunit (p110α, p110β, p110δ and p110γ) and a
regulatory subunit (p85) [11]. Phosphorylation of PI3K is followed by
phosphorylation of a series of subsequential effectors including protein
kinase B (PKB/Akt), mTOR, and phosphoinositide-dependent kinase 1
(PDK1) [12]. These effectors are linked to various cellular processes.
They initiate a signaling cascade that is involved in several aspects of
tumorigenesis including the inhibition of apoptosis, promotion of cell
cycle, proliferation, and angiogenesis [13–18].
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Wortmannin and LY294002 (Fig. 1) were first two PI3K inhibitors
and developed in the 1990s. Subsequently a pool of PI3K inhibitors
were developed and emerged as promising anti-cancer agents. Idelalisib
(PI3Kδ inhibitor, Fig. 1) was FDA approved in July 2014 for treatment
of leukemia and certain types of lymphoma [19]. Several trials to test
new PI3K inhibitors are currently ongoing. However, the clinical use of
PI3K/Akt/mTOR inhibitors has been hampered by instability, hepato-
toxicity, and low potency [20]. Thus, the search for new PI3k inhibitors
remain. Previous reports implicate three essential pharmacophores in
the design of a successful PI3K inhibitor: a hydrogen acceptor that binds
with essential valines in the hinge region, a binder that fits into the
affinity binding pocket, and a ribose pocket binder that occupies the
ATP ribose binding pocket [21].

Omipalisib (GSK 2126458, Fig. 1) is a quinoline that is a dual PI3K/
mTOR inhibitor by acting as a hinge binder to Val882 of PI3Kγ [22],
and which is currently in Phase I clinical trials. Researchers later used
quinoline as the foundation for the design of PI3K inhibitors based on
GSK2126458 [23–25]. Chalcones were also designed as potent PI3K
inhibitors based on its structure similarity with AS-605240 (Fig. 1) a
safe and potent PI3Kγ inhibitor with anti-cancer and anti-inflammatory
properties [26,27]. A growing number of studies has been directed
towards quinoline and chalcone optimization and incorporation into
chemotherapeutic agents [28–31]. The current research is directed to-
wards further optimization of these two entities, and aimed at the
discovery of more potent anticancer agents targeting PI3K pathway
using quinoline and chalcone scaffolds (Fig. 1).

2. Results and discussion

2.1. Chemistry

Synthesis of the designed quinolone/chalcones hybrids starts with
reaction of various aromatic aldehydes 2a-dwith p-aminoacetophenone
through usual Clasien Schmidt condensation to form the corresponding
chalcones 3a-d, Scheme 1. 2-Aryl-quinoline-4-carboxylic acids 6a-f
were obtained via the reaction of Isatin with substituted acetophenones.
The acids formed are converted to ethyl esters 7a-f via Fisher ester-
ification using ethanol and conc. H2SO4. The obtained esters are then
converted to the corresponding hydrazides 8a-f using hydrazine

hydrate, Scheme 1. Coupling both chalcones 3a-d with the hydrazides
8a-f yielded the desired hydrazones 9a-t (Table 1). The appearance of 2
doublets for the 2 chalcone olefenic protons in the aromatic region
along with one exchangeable proton at 12.09–12.31 ppm for NH in 1H
NMR confirmed the formation of open hydrazone structure. No evi-
dence of cyclization to pyrazoline was observed. The NMR data re-
vealed that the 2 olefinic protons are present in a cis form. Coupling
constants calculated from those protons were around 8 Hz, which ex-
cluded the possibility of having the trans isomer. Theoretical calcula-
tions using ChemBio Draw 14 revealed that the cisoid form has a total
energy of 2.3 versus 7.9 Kcal/mol for the trans form. The stability of the
cis isomer might be attributed to a π–π stacking interaction between the
2 parallel phenyl groups as demonstrated in Fig. 2. The presence of such
geometry might also be responsible for the absence of the 2-pyrazoline
cyclization usually observed in hydrazide-chalcone reactions.

2.2. Biological evaluation

2.2.1. Anti-cancer activity NCI screening
Compounds 9b-c, 9e, 9h-l, 9n-o, and 9r-s were selected by the

National Cancer Institute (NCI), USA for in vitro anti-cancer screening.
Compounds were initially screened at the 10 μM dose using a
Sulforhodamine B colorimetric assay and the NCI 60 cell lines derived
from nine tumor subpanels, including leukemia, lung, colon, mela-
noma, renal, prostate, CNS, ovarian, and breast cancer cell lines.

Our results show promising anti-cancer activities against different
human cancer cells of our compounds, with mean growth inhibition of
25.5–74% (Supporting information). Furthermore, compounds 9i and
9j (mean growth inhibition of 73.03 and 73.98%, respectively), were
selected by the NCI for the five-dose assay (Table 1, Supporting in-
formation). Both compounds are potent cytotoxic agents with GI50s of
0.3–52 μM against most cells. Both non-small cell lung cancer and
chronic myeloid leukemia were highly sensitive to both compounds,
with GI50s of 0.3–6 μM (Table 1, Supporting information).

2.2.2. Anti-proliferative and cytotoxic activities on A549 and K-562 cell
lines

To assess the anti-proliferative and the cytotoxic activities of com-
pounds 9a-t on the A549 and K-562 cell lines, were assessed using BrdU

Fig. 1. Structures of Wartmannin, LY294002, Idelalisib, Omilpalisib, AS-05240 and the designed inhibitors.
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incorporation and trypan blue exclusion assays, respectively. A549 and
K-562 cells were treated with different concentrations (0.5, 1, 5, 10, 25,
50 or 100 µM) of quinolone/chalcone hybrids 9a-t or the reference
cisplatin for 24 h using DMSO as a negative control. Data were sum-
marized in Table 2, Fig. 3 and Supporting information. Fifteen com-
pounds out of twenty (9b-j, 9n-r and 9t) inhibited the growth and
decreased the viability of A549 cells in a dose dependent manner
(IC50= 3.91–97.23 µM), while five compounds (9a, 9k-m, and 9s)
have very weak or no anticancer activity (IC50 > 100 μM). Compounds
9d, 9h, 9i and 9j were more potent than cisplatin (IC50s= 11, 9, 4, and
5 μM for 9d, 9h, 9i and 9j respectively vs 15.3 μM for cisplatin,
Table 2). The synthesized hybrids were more potent against the K-562
cell line, with nineteen compounds inhibiting growth and decreasing

viability with IC50s= 1.91–82.84 µM. Compounds 9i and 9j were
comparably potent as cisplatin, with IC50s of 1.9 and 2.7 μM respec-
tively compared to 2.71 μM for cisplatin. Consistent with the NCI re-
sults, compounds 9i and 9j exhibited the highest activities against A549
cells (IC50= 3.91 and 5.29 µM, respectively) and K-562 cells
(IC50= 1.91 and 2.67 µM, respectively).

A simple structure-activity relationship (SAR) analysis revealed that
the presence of electron withdrawing group (chloride) on ring A of the
chalcone is predictive of their cytotoxic activity (IC50 of 1.9–18.5 µM
for compounds 9g-j against the 2 cell lines tested). In this group of
compounds, the activity is optimal when a electron donating group
(OCH3, CH3) is present on the 2-phenyl ring on the quinoline moiety,
and decreased with the presence of an electron withdrawing group or

9 R1 = R2 = R3= 9 R1 = R2 = R3= 9 R1 = R2 = R3= 
9a H H H 9h 4-Cl H Cl 9o 4-OCH3 H OCH3

9b H H Cl 9i 4-Cl H OCH3 9p 4-OCH3 H CH3

9c H H OCH3 9j 4-Cl H CH3 9q 4-OCH3 OCH3 Cl 

9d H H CH3 9k 4-Cl OCH3 Cl 9r 4-OCH3 OCH3 OCH3

9e H OCH3 Cl 9l 4-Cl OCH3 OCH3 9s 3,4-diOCH3 OCH3 Cl 
9f H OCH3 OCH3 9m 4-OCH3 H H 9t 3,4-diOCH3 OCH3 OCH3

9g 4-Cl H H 9n 4-OCH3 H Cl 

Scheme 1. Synthesis of (E)-N'-((Z)-1-(4-aminophenyl)-3-phenylallylidene)-2-(phenyl)quinoline-4-carbohydrazide derivatives 9a-t.
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unsubstituted ring. Compound 9i has IC50s of 1.9 and 3.9 µM against K-
562 and A549 cells, respectively while 9g has IC50s of 15.2 and 18.5 µM
against K-562 and A549, respectively. In A549 cells, this activity is
nearly abolished with the presence of an OCH3 group on the sixth po-
sition of the quinolone ring. The presence of an unsubstituted phenyl
ring in compounds 9a-f, resulted in decreased activity (IC50s of
5.1–100 µM). The activity is also diminished with the presence of 6-
OCH3 at the quinolone ring (IC50 of 91 and 81 µM for compound 9f
against the 2 cell lines) and the absence of substitution at the 2-phenyl
group (IC50s of> 100 and 83 µM for compound 9a against the 2 cell
lines). The presence of either 4-OCH3 or 3,4-diOCH3 on ring A of
chalcones in 9m-t decreased the activity.

2.2.3. Cell cycle analysis
Cell cycle is a series of events that results in cell division, DNA re-

plication, and the generation of two daughter cells. Two classes of
genes, oncogenes and tumor suppressor’s genes regulate the cell cycle.
Dysregulation of these genes leading to the loss of control over the rate
of cell cycle progression, which ultimately results in abnormal cell
proliferation [32]. Therefore, the cell cycle plays a key regulatory role
in controlling abnormal cell proliferation [33]. Cell cycle progression
was analyzed using flow cytometry to determine whether the anti-
proliferative effect of compounds 9i and 9j, toward A549 and K-562
cells was associated with the induction of cell cycle arrest.

Flow cytometry results (Fig. 4) indicated that compounds 9i and 9j
caused a dose dependent increase in percentage of A549 (Fig. 4A and B)
and K-562 (Fig. 4C and D) cells lines in the G2/M phase. Treatment of
A549 cells with 1, 3, or 6 μM of 9i or 9j for 24 h, resulted in an increase
in the percentages of cells in the G2/M phase – 11, 61.2, and 76.2%,
respectively for 9i and 6.22, 15.8, and 59.6%, respectively for 9j –
when compared with control cells (5.9%). Similarly, the percentages K-
562 cells in the G2/M phase were 2.95, 30.7, and 49.3%, respectively
for 9i (1, 3, or 6 μM) and 5.1, 16.6, and 41.7%, respectively for 9j (1, 3,
or 6 μM) when compared with control cells (1.79%). Compound 9i was
more potent than 9j in both A549 and K-562 cells. Percentages of cells
in G1 and S phase were decreased after treatment of either A549 or K-
562 cells with 9i or 9j. These results indicated that the inhibition of
A549 and K-562 cell proliferation by 9i and 9j can be associated with
cell cycle arrest in the G2/M phase.

2.2.4. Apoptosis induction in A549 and K-562 cells
To examine whether 9i- and 9j-induced cytotoxicity was associated

with apoptosis, we used A549 and K-562 cells and flow cytometry
following annexin V-FITC/PI double staining. Treatment of A549 cells
with 9i and 9j (1, 3, or 6 μM) for 24 h, did not result in changes in the
proportion of apoptotic cells when compared to control cells (data not
shown). However, treatment of these cells with the aforementioned
compounds for 48 h dramatically increased the proportion of apoptotic
cells in a dose-dependent manner; the percentages of apoptotic cells
were 13.21, 22.73, and 35.9% for 1, 3, and 6 μM of compound 9i, re-
spectively and 14.68, 14.07, and 28.1% of compound 9j, respectively
when compared to control cells (8.59%) (Fig. 5A and B). On the other
hand, induction of apoptosis in K-562 cells was observed 24 h after
treatment with compounds 9i and 9j. The percentages of apoptotic cells
induced by 1, 3 and 6 μM were 25.79, 46.2, and 46.6% for 9i and 16.65,
39.4, and 47.1 for 9j when compared to control cells (9.96%) (Fig. 5C
and D). It is clear from these results that 9i and 9j have the ability to
induce apoptosis in both A549 and K-562 cells, but K-562 cells were
more sensitive to both compounds. Compound 9i appeared to be more
potent than 9j against A549 cells, while the compounds exhibited
comparable activities against K-562 cells.

To determine the molecular basis for the induction of G2/M phase
cell cycle arrest and apoptosis in A549 and K-562 cells by quinoline-
chalcone derivatives, 9i and 9j, the effects of different concentrations
(1, 3 and 6 µM) of the aforementioned compounds on the expression of
p53, cell cycle regulators (CDK inhibitor (p21), and cyclin B1/Cdc2

Table 1
GI50 of compounds 9i and 9j against 59 cell lines in 9 different cancer panels
tested using NCI's in vitro five dose anticancer assay.

Panel/cell line GI50 Panel/cell line GI50
Compound Compound

9i 9j 9i 9j

Leukemia Melanoma
CCRF-CEM 5.84 4.53 LOX IMVI 1.56 4.00
HL-60(TB) 2.54 3.49 MALME-3M >100 >100
K-562 1.05 3.09 M14 1.16 2.54
MOLT-4 3.30 3.23 MDA-MB-435 0.305 1.00
RPMI-8226 3.86 4.10 SK-MEL-2 2.03 3.81
SR 0.595 3.29 SK-MEL-28 3.78 6.23
Non-small cell lung cancer SK-MEL-5 0.701 2.50
A549/ATCC 2.33 4.79 UACC-257 >100 33.7
EKVX 3.78 3.99 UACC-62 0.556 2.06
HOP-62 3.21 4.62 Ovarian cancer
HOP-92 1.92 4.10 IGROV1 4.98 6.48
NCI-H226 7.54 6.47 OVCAR-3 0.462 2.98
NCI-H23 3.14 5.02 OVCAR-4 1.82 4.71
NCI-H322M 6.00 4.73 OVCAR-5 5.51 8.43
NCI-H460 1.89 3.51 OVCAR-8 4.16 5.25
NCI-H522 0.307 0.622 NCI/ADR-RES 0.519 2.54
Colon cancer SK-OV-3 3.32 4.94
COLO 205 1.99 2.80 Renal cancer
HCC-2998 3.40 4.28 786-0 1.84 4.22
HCT-116 1.41 3.18 A498 0.375 1.64
HCT-15 1.03 3.33 ACHN 1.47 4.19
HT29 1.13 3.35 RXF 393 0.698 1.63
KM12 1.15 3.46 SN12C 4.27 6.84
SW-620 1.24 4.24 TK-10 52.30 8.51
CNS cancer UO-31 1.55 2.20
SF-268 2.19 4.09
SF-295 0.540 3.13 Breast cancer
SF-539 1.41 2.43 MCF7 0.442 2.53
SNB-19 5.54 6.51 MDA-MB231/ATCC 3.28 3.94
SNB-75 0.371 1.41 HS 578T 1.05 4.68
U251 2.18 4.51 BT-549 2.04 3.92
Prostate cancer T-47D 2.70 2.73
PC-3 2.03 3.40 MDA-MB-468 2.95 4.91
DU-145 3.16 3.68

Fig. 2. Possible stacking interaction for compound 9i.
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complex), anti-apoptotic protein (Bcl-2), as well as pro-apoptotic mar-
kers (Bax, and caspases 3, 8 and 9) were tested. Western blot analysis
(Fig. 6A–D) showed that 9i and 9j upregulated wild type p53 in A549
cells but have no effect on the non-functional p53 in K-562 cells. 9i and
9j also significantly induced the expression of p21 and attenuated ex-
pression of cyclin B1 and Cdc2, in a dose dependent manner, in both
A549 (Fig. 6A–B) and K-562 (Fig. 6C–D) cells. These results suggested
that the G2/M arrest induced by 9i and 9j might be attributed to p53/
p21 pathway in A549 cells and p53-independent p21 induction in K-
562 cells. On the other hand, treatment of A549 with 9i or 9j for 48 h
resulted in decreased levels of Bcl-2, while the levels of Bax, cleaved
caspase 3, and 9 were increased in a dose-dependent manner, and the
levels of cleaved caspase 8 were not altered (Fig. 7A and B). Treatment
of K-562 cells with the aforementioned compounds for 24 h, resulted in
increased levels of Bax, cleaved caspase 3, and 9 in a dose-dependent
manner, while the levels of cleaved caspase 8 were not change (Fig. 7C
and D). These results indicated that quinoline-chalcone derivatives, 9i
or 9j, may induce G2/M arrest and apoptosis via different mechanisms
and regardless of the p53 status of the cells.

2.2.5. PI3K/Akt/mTOR pathway inhibition
2.2.5.1. In vitro PI3K inhibition assay. The ability of compounds 9i and
9j to inhibit class I PI3K enzymes was assessed using a commercially
available ADP-GloTM kinase detection kit. Results in Fig. 8 and Table 3
showed that the two compounds 9i and 9j have the ability to inhibit the
different PI3K isoforms α, β, γ and δ. Compounds 9i and 9j were potent
inhibitors of PI3K- γ (with IC50 of 52 and 196.9 nM, respectively), and
exhibited moderate potency against PI3K-α (with IC50 of 248.4 and
271.1 nM, respectively) and PI3K- β (with IC50 of 295.8 and 360.2 nM,
respectively) and exhibited low potency against PI3K-δ(with IC50 of
438.5 and 473 nM, respectively) (Table 3). In general, compound 9i
was more potent than compound 9j against PI3K isoforms.

2.2.5.2. Western blotting analysis. To confirm the inhibition of the
PI3K/Akt/mTOR pathway by the synthesized hybrids, western
blotting analyses were conducted. Both 9i and 9j treatments
downregulated the levels of phosphorylated proteins in the PI3K/Akt/
mTOR pathway. Western blotting analyses revealed that treatment of
A549 and K-562 cells with different concentrations of 9i or 9j (1, 3, or
6 µM) resulted in decreases in the levels of phosphorylated PI3K (at
Tyr458), Akt (at Ser473), mTOR (at Ser2448), and GSK-3β in a dose-
dependent manner in both A549 (Fig. 9A–B) and K-562 (Fig. 9C–D)
cells. These results suggested that 9i and 9j attenuated PI3K/Akt/mTOR
signaling in both A549 and K-562 cells. These findings suggest a
molecular basis for the induction of G2/M cell cycle arrest and
apoptosis by 9i and 9j.

2.3. Molecular docking study

Docking of the compounds 9i, 9j (most active), and 9l (least active),
into the active site of different isoforms of PI3K was done in support of
the inhibition of PI3K via the interaction of the compounds with amino
acid residues within the active site. LY29002 was used as a standard
PI3K inhibitor. Docking was done using MOE 2014 software using
standard protocols. The study highlighted the formation of stable
complex between the 3 compounds and the enzyme active site (energy
scores -10 to -13 compared to -10 for LY294002). Docking suggested
binding of the active compounds mainly to the hinge region of the
enzyme pocket, forming a hydrogen bond with the essential valine (Val
882 for PI3K-γ). Table 4 shows energy scores and possible binding
modes of compounds 9i, 9j and 9l with the active site of different
isoforms of PI3K (α, δ, γ). While LY294002 forms a single hydrogen
bond with Val 882, the chloride atom of compounds 9i and 9j forms a
hydrogen bond with Val 882 of PI3K-γ, in addition to extra hydro-
phobic interaction with Lys 890 for 9i and extra hydrogen bond with
Lys 833 for 9j (Table 4, Fig. 10). Hydrogen bond formation and addi-
tional 2 or 3 hydrophobic interactions were noticed upon fitting the two
compounds with PI3K-α (Table 4, and Supporting information). Com-
pound 9l shows a flipped mode of interaction with the enzyme active
site that is different from 9i and 9j. Thus, although 9l fits well into the
active site, no significant interactions were observed, Table 4, Fig. 10,
Supporting information.

Collectively, the designed compounds offered a new mode of
binding that is different from previously studied quinoline or chalcone
derivatives. They show no selective binding to any of the PI3K isoforms.
Thus, theoretical modelling data went in accordance with the experi-
mental findings obtained.

2.4. Discussion

Lung cancer and leukemia are the most common cause of cancer-
related deaths in the world and have limited therapeutic options [1].
Therefore, new therapeutic strategies are urgently needed. Cancer cells
exhibit uncontrolled cell proliferation, and anti-cancer drugs inhibit cell
proliferation and/or viability, or induce cell death. In the present study,
we targeted the prosurvival PI3K/Akt/mTOR pathway by the design
and synthesis of new quinoline/chalcone hybrids, which were then
tested for their ability to inhibit growth of non-small-cell lung cancer
and chronic myelogenous leukemia cell lines. The synthesized com-
pounds were screened for their anti-proliferative and cytotoxic effects
using three different assays – SRB, BrdU incorporation, and trypan blue
exclusion. Our results showed that the synthesized compounds have
anti-proliferative and cytotoxic effects on a wide panel of cancer cell
lines, in particular chronic myelogenous leukemia (CML; K-562 cells)
and non-small cell lung cancer (NSCLC; A549 cells). Moreover,

Table 2
Half maximal inhibitory concentration (IC50) of quinoline chalcone hybrids 9a-t, cisplatin and LY294002 determined using human lung adenocarcinoma A549 and
chronic myeloid leukemia K-562 cell lines and trypan blue exclusion assay.

Compound A549 (IC50 µM)a K-562 (IC50 µM)a Compound A549 (IC50 µM)a K-562 (IC50 µM)a

9a >100 82.84 ± 3.24 9l >100 5.17 ± 0.18
9b 17.56 ± 2.5 8.96 ± 1.06 9m >100 60.67 ± 2.67
9c 16.43 ± 1.3 5.37 ± 0.31 9n 48.32 ± 1.69 14.43 ± 0.94
9d 11.21 ± 0.52 6.98 ± 0.92 9o 46.51 ± 2.21 10.93 ± 0.74
9e 19.2 ± 1.85 5.09 ± 0.19 9p 33.91 ± 2.15 18.03 ± 0.97
9f 91.39 ± 4.54 81.21 ± 3.14 9q 97.23 ± 2.36 68.07 ± 2.87
9g 18.54 ± 0.52 15.17 ± 2.15 9r 67.37 ± 2.29 4.45 ± 0.64
9h 9.46 ± 0.63 4.28 ± 0.34 9s >100 >100
9i 3.91 ± 0.31 1.91 ± 0.21 9t 31.6 ± 2.02 23.11 ± 2.15
9j 5.29 ± 0.19 2.67 ± 0.27 Cisplatin 15.3 ± 1.87 2.71 ± 0.34
9k >100 15.22 ± 1.49 LY294002 3.52 2.68

a Data are expressed as mean ± SD from the dose response curves of at least three independent experiments.
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compounds were more effective against K-562 than A549 cells. The
difference in the response between A549 and K-562 cells may reflect
differences in their uptake of the synthesized compounds and/or dif-
ferences in expression of gene that governs cell cycle and apoptosis
[34,35]. Among the compounds tested, 9i and 9j were the most potent
and were chosen by the NCI for five-dose assay (Table 1). The presence
of electron withdrawing group (chloride) on ring A of the chalcone
were predictive of their cytotoxic activity (IC50 of 1.9–18.5 µM for
compounds 9g-j against the 2 tested cell lines). Moreover, the activity is
optimal with presence of electron donating group (OCH3, CH3) on the
2-phenyl ring on the quinoline moiety, and decreased with an electron
withdrawing group or unsubstituted ring.

Compounds 9i and 9j were found to inhibit the different PI3K iso-
forms in a dose dependent manner, with IC50s of 52–473 nM. These
findings were supported by a theoretical docking study that showed the
formation of a stable complex between different isoforms of the cata-
lytic p-110 unit and the synthesized compounds. Docking suggested a
role for the chloride atom in receptor binding, as well as the stability of
the 2 parallel phenyl rings shown in Fig. 2. Presence of the 6-methoxy
group at the quinolone ring might hinder binding to enzyme pocket,
resulting in lower activity (Fig. 10). Previous literature suggested that
the formation of hydrogen bonding with VAL residues present in the
hinge region of different PI3K isoforms is critical for PI3K inhibition
[21]. The ability of compounds 9i and 9j to form such a hydrogen

Fig. 3. Growth inhibition % observed with different concentrations (0.5, 1, 5, 10, 25, 50, 100 μM) of compounds and measured using BrdU incorporation assay. (A)
A549 cells treated with 9a-j (B) A549 cells treated with 9h-t or cisplatin (C) K-562 cells treated with 9a-j (D) K-562 cells treated with 9h-t or cisplatin. Data are
expressed as mean ± SD of three independent experiments.
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bonding with only VAL 828 of PI3K-γ (Table 4, Fig. 10) might explain
the slight selectivity observed towards this isoform. Western blotting
analysis supported the proposed inhibition of PI3K. Compounds 9i and
9j inhibited the phosphorylation of PI3K, AKT, and downstream effec-
tors (including mTOR and GSK-3β) in A549 and K-562 cells.

Like most cytotoxic agents, compounds 9i and 9j inhibited cell cycle
and induced apoptosis. Flow cytometry data revealed that the two
compounds induced G2/M cell cycle arrest in A549 and K-562 cells
(Fig. 5). The observed cell cycle arrest involves upregulation of p21
expression, and downregulation of B1/Cdc2 complex in both A549 and
K-562 cells, with p53 activation evident only in A549 cells (Fig. 6). The

PI3K/Akt pathway plays an important role in the regulation of G2/M
transition [36]. In particular, AKT has been reported to function as a
G2/M initiator [37,38]. In human cancer cells exposed to anticancer
agents such as cytotoxic methylating agents, the activation of AKT in-
hibited G2 checkpoint initiation [38]. Although the mechanistic basis
for the release from G2 arrest by AKT is not well defined, this action of
AKT appears to involve the accumulation of inactive phospho-Cdc2 and
phospho-Cdc25C resulting from an increase in Chk2 activation and
resulting in G2/M cell cycle arrest [39]. Therefore, the induction of G2/
M cell cycle arrest in the A549 and K-562 cells by 9i or 9j can be at-
tributed to their inhibitory effect on the Akt. The correlation of the

Fig. 4. Cell cycle analysis of A549 and K-562 cells after treatment with different concentrations (0, 1, 3, 6 μM) of compounds 9i and 9j for 24 h using flow cytometry.
(A) Cell cycle distribution in A549 cells. (B) Percentage of of A549 cells (%) in the subG1, G1, S or G2/M phases (C) Cell cycle distribution in K-562 cells. (D)
Percentage of of K-562 cells (%) in the subG1, G1, S or G2/M phases. Values are expressed as mean ± SD of three different experiments. *P < 0.05 and
**P < 0.005 indicate significant differences in percentage of cells in G2/M phase compared with control.
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inhibition of PI3K\Akt pathway with G2/M cell cycle arrest by other
known PI3K inhibitors [40–41] is in line with our data.

Induction of apoptosis significantly affects cell proliferation [42].
Flow cytometry with Annexin V/PI staining suggested that 9i and 9j
induced apoptosis in A549 and K-562 cells. The induction of apoptosis
can be attributed to caspase-9 activation and Bax and cytochrome c
dependent processing resulting from the inhibition of Akt phosphor-
ylation [43,44]. The inhibition of AKT is has also been associated with
mitochondrial death signaling induced by various apoptotic stimuli and
involving Bcl-2 downregulation, Bax activation, and caspase3/9

activation [45]. Our results are consistent with the reported pro-
apoptotic effects of the inhibition of Akt phosphorylation based on the
Bcl-2 downregulation, Bax activation, and caspase3/9 activation ob-
served in cells treated with 9i and 9j.

3. Conclusion

A series of novel quinoline chalcone hybrids was prepared and
identified with different spectroscopic techniques. The prepared com-
pounds showed remarkable cytotoxic activity against different cancer

Fig. 5. Flow cytometric analysis of apoptosis induced by 9i or 9j (0, 1, 3, or 6 μM) after 24 h in A549 and K-562 cells. Cells that are considered alive are both Annexin
V and PI negative, cells that are in early apoptosis are Annexin V positive and PI negative, cells that are in late apoptosis are both Annexin V and PI positive, and dead
cells are Annexin V negative and PI positive. The lower-left quadrant represents live cells (LC); the lower-right quadrant, early apoptotic cells (EAC); the upper-right
quadrant, late apoptotic cells (LAC); the upper-left quadrant, necrotic cells (NC) (A) Representative cytograms of apoptotic A549 cells. (B) Proportion of annexin V-
positive apoptotic A549 cells (C) Representative cytograms of apoptotic K-562 cells. (D) Proportion of annexin V-positive apoptotic K-562 cells. Values are expressed
as mean ± SD of three different experiments. *P < 0.05 and **P < 0.005 indicate significant differences compared with vehicle.
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cell lines. The most active compounds were compound 9i and 9j which
induced G2/M cell cycle arrest and apoptosis in both A549 and K562
cells. Additionally; the two compounds 9i and 9j had the ability to
inhibit the different PI3K isoforms α, β, γ and δ. Both experimental and
docking of the compounds 9i and 9j into the active site of different
isoforms of PI3K indicated that there is a slight favourable interaction
with the γ-isoform with an IC50= 52 nM. Finally since 9i and 9j
showed potent activities on human NSCLC A549 and CML K-562 cells at
low µM doses, they are potentially promising drug candidates for
NSCLC and CML cancer therapy. However, these compounds should be
further assessed in vivo for attenuation of tumor growth. The com-
pounds can also be considered as leads for further development of PI3K
inhibitors.

4. Experimental section

4.1. Chemistry section

Chemicals and solvents used were of analytical grade. Progress of
the reactions was monitored by thin layer chromatography with me-
thylene chloride as the mobile phase on pre-coated Merck silica gel 60
F254 aluminum sheets. Melting points were determined on Stuart
electro-thermal melting point apparatus and were uncorrected. 1H and
13C NMR spectra were recorded on Bruker Advance III 400MHz (at the
Faculty of Pharmacy, Benisweif University, Egypt) and Burker AG,
Switzerland, 500MHz (at the Faculty of pharmaceutical Sciences, Umm
Al-Qura University, Mecca, Saudi Arabia) using TMS as reference

Fig. 6. Effect of different concentrations of 9i or 9j (1, 3, or 6 μM) on the expression of p53, p21, cyclin B1 and Cdc2 in A549 and K-562 cells using western blotting
analysis. DMSO-treated cells serve as a negative control. β-Actin serves as a loading control (A) Western blotting analysis of A549 cells. (B) Protein expression levels
of p53, p21, cyclin B1, and Cdc2 in A549 cells relative to β-Actin were quantified by Image J. (C) Western blotting analysis of K-562 cells. (D) Protein expression
levels of p53, p21, cyclin B1 and Cdc2, in K-562 cells relative to β-Actin were quantified by Image J. Values are expressed as means ± SD of three different
experiments.
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Fig. 7. Effect of different concentrations of
9i or 9j (1, 3, and 6 μM) on the expression of
Bcl-2, Bax, and cleaved caspases (3, 8, and 9)
in A549 and K-562 cells using western blot-
ting analysis. DMSO serves as a negative
control. β - Actin serves as a loading control
(A) Western blotting analysis of A549 cells.
(B) Relative protein expression levels of Bcl-
2, Bax, and cleaved caspases (3, 8, and 9) in
A549 cells compared to β-Actin and quanti-
fied by Image J. (C) Western blotting ana-
lysis of K-562 cells. (D) Relative protein ex-
pression levels of Bcl-2, Bax, and cleaved
caspases (3, 8, and 9) in K-562 cells com-
pared to β -Actin and quantified by Image J.
Values are expressed as means ± SD of
three different experiments.

Fig. 8. PI3K isomers inhibition (%) induced by different concentrations of 9i and 9j (A) 9i (B) 9j.

S.H. Abbas et al. Bioorganic Chemistry 82 (2019) 360–377

369



standard and DMSO-d6 as solvent. Chemical shifts (δ) are expressed in
parts per million (ppm) and coupling constants (J) are expressed in
Hertz. The signals are designated as follows: s, singlet; d, doublet; t,
triplet; m, multiplet. Chemical shifts (δ) are expressed in parts per
million (ppm). LC/MS/MS was carried out using Agilent UPLC/MS/MS
1260 infinity II with 6420 Triple quad LC/MS detector at Faculty of
Pharmacy, Minia University, Minia, Egypt

Table 3
IC50s (nM) of compounds 9i and 9j against different PI3K isoforms (PI3K-α,
PI3K-β, PI3K-γ and PI3K-δ).

Compound IC50 (nM)

PI3K- α PI3K-β PI3K-γ PI3K-δ

9i 248.4 295.8 52.03 438.5
9j 271.1 360.2 196.9 473

Fig. 9. Effect of compounds 9i and 9j (1, 3, or 6 μM) on the levels of PI3K, p-PI3K, Akt, p-AKT, mTOR, p-mTOR, GSK-3β and p-GSK-3β in A549 and K-562 cells
analyzed by western blotting. β-actin serves as a loading control. (A) Levels of p-PI3K, p-Akt, p-mTOR and p-GSK-3β were decreased in A549 cells (B) Protein
expression levels (fold/total) of p-PI3K, p-Akt, p-mTOR and p-GSK-3β, in A549 cells relative to their total forms quantified by Image J. (C) Levels of p-PI3K, p-Akt, p-
mTOR and p-GSK-3β were decreased in K-562 cells (D) Protein expression levels (fold/total) of p-PI3K, p-Akt, p-mTOR and p-GSK-3β, in K-562 cells relative to their
total forms quantified by Image J. The values are the means ± SD of three different experiments.
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4.1.1. General procedure for synthesis of compounds (3a–d) [46–48]
4-Aminoacetophenon (0.001mol) and substituted benzaldehydes

were mixed and dissolved in minimum amount (3mL) of ethanol.
Sodium hydroxide solution (0.002mol in water) was added slowly. The
mixture was stirred at 0 °C for 2 h and at room temperature for 24 h.
The reaction mixture was then poured into crushed ice. The pre-
cipitated solid was filtered, dried and recrystallized from ethanol.

4.1.2. General method for synthesis of compounds (6a–f) [49–51]
Isatin (4a) or 5-methoxyisatin (4b) (10mmol), 33% potassium hy-

droxide (10mL), ethanol (20mL), and appropriate acetophenone deri-
vative (10mmol) was mixed and heated under reflux for 18–24 h. The
reaction mixture was concentrated under reduced pressure; the residue
was diluted with water (50mL) and extracted with diethylether
(3×50mL). The aqueous layer was neutralized with 1M hydrochloric
acid. The precipitated solid was filtered, washed with water, dried and
crystallized from ethanol.

4.1.3. General method for synthesis of compounds (7a–f) [52–55]
A mixture of the appropriate 4-carboxylic acid 6a–f (10mmol),

absolute ethanol (20mL) and concentrated sulfuric acid (2mL) was
heated under refluxed for 12–18 h. Excess solvent was removed under
reduced pressure; the residue was diluted with water, and then ren-
dered alkaline with concentrated sodium bicarbonate solution. The
formed precipitate was filtered off, washed with water and crystallized
from ethanol.

4.1.4. General method for synthesis of compounds (8a–f) [51,56–57]
A solution of the isolated esters 7a–f (10mmol) in ethanol (20mL),

hydrazine hydrate (97%, 3mL) was added and heated under reflux for
5–8 h. After cooling, the formed precipitate was filtered off, washed
with water, dried, and crystallized from ethanol.

4.1.5. General method for synthesis of compounds (9a–t)
To a solution of the prepared chalcones (3a-d) (10mmol) in acetic

acid (20mL), hydrazides (8a-f, 10mmol) was added and the mixture
was stirred at room temperature for 2–4 h. The solution was poured
onto ice water, extracted with dichloromethane (2×20mL) and wa-
shed with HCl (10%), water. Organic layer was collected, dried and
concentrated under reduced pressure, the precipitate was filtered off,
and crystalized from dichloromethane.

4.1.5.1. N'-((Z)-1-(4-Aminophenyl)-3-phenylallylidene)-2-
phenylquinoline-4-carbohydrazide (9a). Yellowish solid (35% yield); mp
289–291 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 8.41–8.26 (m, 3H),
8.24–8.13 (m, 2H), 7.86–7.77 (m, 3H), 7.62–7.56 (m, 4H), 7.49–7.42
(m, 4H), 7.15 (d, J=8.6 Hz, 2H), 6.65–6.53 (m, 1H), 6.43 (d,
J=8.6 Hz, 2H), 5.66 (s, 2H, NH2); 13C NMR (125MHz, DMSO-d6) δ
ppm 168.53, 163.98, 157.51, 155.98, 151.87, 148.13, 144.23, 142.60,
138.67, 131.66, 130.63, 130.38, 130.06, 129.45, 129.39, 128.75,
128.06, 127.98, 127.74, 127.52, 126.21, 124.39, 123.79, 117.02,
113.68; LC-MS m/z 468.55 (M+H)+; elemental analysis calcd (%) for
C31H24N4O: C, 79.46; H, 5.16; N, 11.96; Found: C, 79.86; H, 5.30; N,
11.85.

4.1.5.2. N'-((Z)-1-(4-Aminophenyl)-3-phenylallylidene)-2-(4-
chlorophenyl)quinoline-4-carbohydrazide (9b). Orange solid (38% yield);
mp 157–160 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 12.27 (s, 1H,
NH), 8.45–8.40 (m, 3H), 8.39–837 (m, 2H), 8.27–8.21 (m, 1H), 8.18 (t,
J=7.7 Hz, 2H), 7.88 (t, J=7.7 Hz, 2H), 7.80 (d, J=8.1 Hz, 2H), 7.72
(d, J=7.9 Hz, 1H), 7.67 (d, J=8.1 Hz, 2H), 7.63 (d, J=7.9 Hz, 1H),
7.50 (d, J=5.3 Hz, 3H), 7.28–7.17 (m, 1H); 13C NMR (125MHz,
DMSO-d6) δ ppm 169.24, 163.20, 155.00, 149.31, 148.33, 145.35,
144.07, 141.96, 137.31, 135.45, 134.46, 131.03, 130.93, 130.13,
129.57, 129.48, 129.42, 129.20, 128.19, 127.79, 127.02, 125.62,
124.00, 117.59, 116.84; LC-MS m/z 468.55 (M+H)+; elementalTa
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analysis calcd (%) forC31H23ClN4O: C, 74.02; H, 4.61; N, 11.14; Found:
C, 74.34; H, 4.72; N, 11.38.

4.1.5.3. N'-((Z)-1-(4-Aminophenyl)-3-phenylallylidene)-2-(4-
methoxyphenyl)quinoline-4-carbohydrazide (9c). White solid (42%
yield); mp 220–223 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 12.29 (s,
1H, NH), 8.39 (s, 1H), 8.35 (d, J=8.3 Hz, 2H), 8.32–8.29 (m, 2H),
8.21–8.16 (m, 1H), 8.13 (d, J=8.3 Hz, 2H), 7.86–7.82 (m, 3H), 7.80
(d, J=6.4 Hz, 1H), 7.65 (t, J=7.2 Hz, 1H), 7.56–7.43 (m, 3H),
7.29–7.07 (m, 4H), 3.85 (s, 3H); 13C NMR (125MHz, DMSO-d6) δ
ppm 169.09, 164.67, 163.40, 155.92, 149.23, 148.40, 145.35, 141.64,
134.50, 130.97, 130.90, 130.75, 129.91, 129.41, 129.31, 129.19,
129.16, 127.77, 127.46, 127.01, 125.54, 123.57, 117.24, 116.58,
114.80, 55.83; LC-MS m/z 499 (M+H)+; elemental analysis calcd
(%) for C32H26N4O2: C, 77.09; H, 5.26; N, 11.24; Found: C, 77.32; H,
5.38; N, 11.45.

4.1.5.4. N'-((Z)-1-(4-Aminophenyl)-3-phenylallylidene)-2-(4-
methylphenyl)quinoline-4-carbohydrazide (9d). White solid (44% yield);
mp 215–217 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 12.30 (s, 1H,
NH), 8.39 (s, 1H), 8.37–8.32 (m, 1H), 8.28 (d, J=7.6 Hz, 2H),
8.26–8.20 (m, 2H), 8.19–8.12 (m, 2H), 7.85 (t, J=7.4 Hz, 1H), 7.80
(d, J=7.6 Hz, 2H), 7.67 (t, J=7.4 Hz, 1H), 7.50 (d, J=5.8 Hz, 3H),
7.43–7.35 (m, 3H), 7.28–7.18 (m, 2H), 2.41 (s, 3H, CH3); 13C NMR
(125MHz, DMSO-d6) δ ppm 169.41, 163.40, 156.18, 149.24, 148.40,
145.24, 143.74, 141.76, 140.24, 135.79, 134.53, 130.88, 130.79,
130.52, 130.37, 130.04, 129.41, 129.18, 127.77, 127.71, 127.57,

127.00, 125.60, 123.83, 117.48, 21.41; LC-MS m/z 483 (M+H)+;
elemental analysis calcd (%) for C32H26N4O: C, 79.64; H, 5.43; N,
11.61; Found: C, 79.90; H, 5.46; N, 11.89.

4.1.5.5. N'-((Z)-1-(4-Aminophenyl)-3-phenylallylidene)-2-(4-
chlorophenyl)-6-methoxyquinoline-4-carbohydrazide (9e). Yellow solid
(36% yield); mp 268–270 °C; 1H NMR (500MHz, DMSO-d6) δ ppm
12.24 (s, 1H,NH), 8.40 (s, 1H), 8.37 (d, J=8.7 Hz, 3H), 8.32 (s, 1H),
8.21–8.14 (m, 1H), 8.09 (d, J=8.7 Hz, 1H), 7.80 (d, J=6.0 Hz, 2H),
7.67–7.58 (m, 4H), 7.55–7.45 (m, 4H), 7.30–7.10 (m, 2H), 3.91 (s, 3H,
OCH3); 13C NMR (125MHz, DMSO-d6) δ ppm 169.28, 163.39, 158.62,
152.40, 149.23, 145.29, 144.58, 142.29, 140.01, 137.47, 134.93,
134.50, 131.76, 130.91, 130.36, 129.42, 129.40, 129.21, 129.07,
127.77, 127.03, 125.29, 123.43, 118.02, 103.50, 56.05; elemental
analysis calcd (%) for C32H25ClN4O2: C, 72.11; H, 4.73; N, 10.51;
Found: C, 72.49; H, 4.70; N, 10.36.

4.1.5.6. N'-((Z)-1-(4-Aminophenyl)-3-phenylallylidene)-2-(4-
methoxyphenyl)-6-methoxyquinoline-4-carbohydrazide (9f). Orange solid
(49% yield); mp 235–237 °C; 1H NMR (400MHz, DMSO-d6) δ ppm
12.24 (s, 1H, NH), 8.41 (s, 1H), 8.31 (s, 1H), 8.29–8.25 (m, 3H), 8.05
(d, J=7.5 Hz, 2H), 7.80 (d, J=7.5 Hz, 3H), 7.61–7.59 (m, 1H),
7.54–7.45 (m, 5H), 7.14–7.08 (m, 3H), 3.90 (s, 3H, OCH3), 3.86 (s,
3H, OCH3); 13C NMR (100MHz, DMSO-d6) δ ppm 167.83, 163.59,
161.05, 158.11, 153.47, 149.15, 144.60, 139.81, 134.54, 131.50,
131.17, 131.02, 130.85, 129.40, 129.20, 128.91, 128.73, 127.74,
127.01, 124.73, 123.01, 117.67, 114.72, 112.93, 103.59, 55.97,
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55.78; elemental analysis calcd (%) for C33H28N4O3: C, 74.98; H, 5.34;
N, 10.60; Found: C, 75.24; H, 5.47; N, 10.89.

4.1.5.7. N'-((Z)-1-(4-Aminophenyl)-3-(4-chlorophenyl)allylidene)-2-
phenylquinoline-4-carbohydrazide (9g). Yellow solid (44% yield); mp
202–205 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 8.43–8.29 (m, 5H),
8.23–8.05 (m, 2H), 7.82 (d, J=8.6 Hz, 1H), 7.78 (d, J=8.5 Hz, 2H),
7.63–7.56 (m, 4H), 7.54–7.47 (m, 4H), 7.15 (d, J=8.5 Hz, 1H), 6.44
(d, J=8.6 Hz, 1H); 13C NMR (125MHz, DMSO-d6) δ ppm 165.64,
164.00, 157.44, 156.19, 148.51, 147.20, 138.90, 134.38, 132.48,
130.68, 130.38, 130.23, 129.93, 129.43, 129.36, 129.29, 129.07,
128.79, 128.17, 127.75, 127.71, 127.23, 126.46, 117.62, 113.67; LC-
MS m/z 483 (M+H)+; elemental analysis calcd (%) for C31H23ClN4O:
C, 74.02; H, 4.61; N, 11.14; Found: C, 74.28; H, 4.68; N, 11.40.

4.1.5.8. N'-((Z)-1-(4-Aminophenyl)-3-(4-chlorophenyl)allylidene)-2-(4-
chlorophenyl)quinoline-4-carbohydrazide (9h). Pale yellow solid (40%
yield); mp 272–273 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 12.28 (s,
1H, NH), 8.42 (s, 1H), 8.41–8.39 (m, 3H), 8.38–8.36 (m, 1H),
8.26–8.21 (m, 1H), 8.18 (t, J=7.2 Hz, 2H), 7.90–7.86 (m, 1H), 7.83
(d, J=8.1 Hz, 3H), 7.73–7.69 (m, 1H), 7.67 (d, J=8.1 Hz, 2H), 7.63
(d, J=8.0 Hz, 1H), 7.57 (d, J=8.0 Hz, 2H), 7.31–7.19 (m, 1H); 13C
NMR (125MHz, DMSO-d6) δ ppm 169.29, 163.27, 154.99, 148.32,
147.98, 141.87, 137.30, 135.46, 135.38, 133.43, 133.08, 131.04,
130.78, 130.14, 129.56, 129.53, 129.48, 129.43, 129.33, 128.63,
128.20, 125.59, 123.97, 117.61, 116.86; elemental analysis calcd (%)
for C31H22Cl2N4O: C, 69.28; H, 4.13; N, 10.42; Found: C, 69.42; H, 4.05;
N, 10.70.

4.1.5.9. N'-((Z)-1-(4-Aminophenyl)-3-(4-chlorophenyl)allylidene)-2-(4-
methoxphenyl)quinoline-4-carbohydrazide (9i). Pale yellow solid (50%
yield); mp 240–242 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 8.38 (s,
1H), 8.34 (d, J=8.5 Hz, 2H), 8.32–8.28 (m, 2H), 8.19 (d, J=8.3 Hz,
1H), 8.13 (d, J=8.1 Hz, 2H), 7.82 (d, J=8.1 Hz, 3H), 7.64 (t,
J=7.6 Hz, 1H), 7.57 (d, J=8.5 Hz, 2H), 7.30 (d, J=8.3 Hz, 1H),
7.21 (d, J=8.2 Hz, 1H), 7.11 (d, J=8.2 Hz, 3H), 3.87 (s, 3H, OCH3);
13C NMR (125MHz, DMSO-d6) δ ppm 169.57, 163.55, 161.42, 161.33,
155.90, 148.40, 147.87, 144.04, 141.64, 135.31, 133.51, 130.97,
130.73, 129.91, 129.85, 129.51, 129.39, 129.30, 129.16, 128.60,
127.45, 125.56, 123.57, 117.26, 114.79, 55.83; LC-MS m/z 533 (M
+H)+; elemental analysis calcd (%) for C32H25ClN4O2: C, 72.11; H,
4.73; N, 10.51; Found: C, 72.43; H, 4.68; N, 10.69.

4.1.5.10. N'-((Z)-1-(4-Aminophenyl)-3-(4-chlorophenyl)allylidene)-2-(4-
methylphenyl)quinoline-4-carbohydrazide (9j). Pale yellow solid (52%
yield); mp 239–240 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 8.37 (s,
1H), 8.32–8.28 (m, 1H), 8.25 (d, J=8.1 Hz, 2H), 8.17–8.07 (m, 2H),
7.85–7.74 (m, 3H), 7.64 (d, J=7.3 Hz, 1H), 7.56–7.50 (m, 2H), 7.47
(d, J=8.5 Hz, 1H), 7.39 (d, J=8.1 Hz, 3H), 7.27 (d, J=8.5 Hz, 1H),
7.18–7.12 (m, 1H), 6.44 (d, J=7.3 Hz, 1H), 2.40 (s, 3H, CH3); 13C
NMR (125MHz, DMSO-d6) δ ppm 164.70, 164.08, 157.46, 156.11,
151.91, 148.45, 147.46, 141.48, 140.03, 135.98, 135.89, 132.47,
130.51, 130.05, 130.00, 129.91, 129.38, 129.20, 128.77, 128.31,
127.64, 127.54, 117.66, 117.48, 113.67, 21.05; LC-MS m/z 514 (M -
H)-; elemental analysis calcd (%) for C32H25ClN4O: C, 74.34; H, 4.87; N,
10.84; Found: C, 74.51; H, 4.93; N, 11.01.

4.1.5.11. N'-((Z)-1-(4-Aminophenyl)-3-(4-chlorophenyl)allylidene)-2-(4-
chlorophenyl)-6-methoxyquinoline-4-carbohydrazide (9k). Yellow solid
(33% yield); mp 279–280 °C; 1H NMR (500MHz, DMSO-d6) δ ppm
12.31 (s, 1H, NH), 8.39 (s, 1H), 8.36 (d, J=8.4 Hz, 3H), 8.32 (s, 1H),
8.19–8.15 (m, 1H), 8.09 (d, J=8.4 Hz, 2H), 7.83 (d, J=8.2 Hz, 2H),
7.64 (d, J=8.2 Hz, 2H), 7.63–7.60 (m, 1H), 7.57 (d, J=8.1 Hz, 2H),
7.55–7.48 (m, 2H), 7.33–7.24 (m, 1H), 3.91 (s, 3H, OCH3); 13C NMR
(125MHz, DMSO-d6) δ ppm 168.76, 163.37, 158.64, 152.32, 151.44,
147.89, 145.06, 144.61, 142.11, 139.82, 137.45, 135.34, 135.26,

134.96, 131.76, 129.53, 129.41, 129.20, 129.08, 128.67, 128.64,
125.13, 123.44, 118.09, 117.41, 56.06; elemental analysis calcd (%)
for C32H24Cl2N4O2: C, 67.73; H, 4.26; N, 9.87; Found: C, 67.85; H, 4.32;
N, 9.96.

4.1.5.12. N'-((Z)-1-(4-Aminophenyl)-3-(4-chlorophenyl)allylidene)-2-(4-
methoxyphenyl)-6-methoxyquinoline-4-carbohydrazide (9l). White solid
(34% yield); mp 272–275 °C; 1H NMR (400MHz, DMSO-d6) δ ppm
8.36 (s, 1H), 8.24 (d, J=8.1 Hz, 3H), 8.08 (s, 1H), 8.03–7.99 (m, 2H),
7.79 (d, J=8.5 Hz, 2H), 7.53–7.49 (m, 3H), 7.44 (d, J=7.3 Hz, 1H),
7.18 (d, J=8.1 Hz, 1H), 7.11 (d, J=8.5 Hz, 2H), 6.95 (d, J=8.5 Hz,
1H), 6.46 (d, J=7.3 Hz, 1H), 5.66 (s, 2H, NH2), 3.89 (s, 3H, OCH3),
3.84 (s, 3H, OCH3); 13C NMR (100MHz, DMSO-d6) δ ppm 171.75,
164.34, 164.26, 160.88, 157.75, 157.63, 151.86, 146.83, 144.70,
132.47, 131.30, 129.30, 129.09, 129.03, 128.78, 128.46, 128.42,
124.43, 122.46, 117.72, 117.65, 116.87, 114.75, 114.69, 113.57,
59.36, 55.48; LC-MS m/z 563 (M+H)+; elemental analysis calcd (%)
for C33H27ClN4O3: C, 70.39; H, 4.83; N, 9.95; Found: C, 70.79; H, 4.89;
N, 10.07.

4.1.5.13. N'-((Z)-1-(4-Aminophenyl)-3-(4-methoxyphenyl)allylidene)-2-
phenylquinoline-4-carbohydrazide (9m). Yellowish white solid (59%
yield); mp 233–234 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 12.15 (s,
1H, NH), 8.38 (s, 1H), 8.36 (d, J=7.1 Hz, 2H), 8.34–8.32 (m, 2H), 8.24
(d, J=8.4 Hz, 1H), 8.10–8.07 (m, 1H), 7.87 (t, J=7.1 Hz, 2H), 7.75
(d, J=8.6 Hz, 2H), 7.71–7.68 (m, 1H), 7.60 (t, J=7.7 Hz, 2H), 7.56
(d, J=7.1 Hz, 2H), 7.14 (d, J=8.7 Hz, 1H), 7.06 (d, J=8.6 Hz, 2H),
6.79 (d, J=8.7 Hz, 1H), 3.84 (s, 3H, OCH3); 13C NMR (125MHz,
DMSO-d6) δ ppm 169.07, 163.10, 161.59, 156.26, 155.89, 149.13,
148.41, 145.12, 141.96, 138.51, 130.85, 130.48, 130.36, 130.13,
129.43, 128.60, 127.90, 127.81, 127.68, 127.02, 125.64, 123.98,
117.69, 116.98, 114.92, 55.82; LC-MS m/z 497 (M - H)-; elemental
analysis calcd (%) for C32H26N4O2: C, 77.09; H, 5.26; N, 11.24; Found:
C, 77.35; H, 5.21; N, 11.47.

4.1.5.14. N'-((Z)-1-(4-Aminophenyl)-3-(4-methoxyphenyl)allylidene)-2-
(4-chlorophenyl)quinoline-4-carbohydrazide (9n). Pale yellow solid
(31% yield); mp 260–262 °C; 1H NMR (500MHz, DMSO-d6) δ ppm
12.14 (s, 1H, NH), 8.42 (s, 1H), 8.40–8.34 (m, 3H), 8.33–8.30 (m, 1H),
8.23 (d, J=7.2 Hz, 1H), 8.20–8.05 (m, 2H), 7.90–7.81 (m, 2H),
7.77–7.69 (m, 3H), 7.68–7.59 (m, 3H), 7.14–7.05 (m, 3H), 3.84 (s,
3H, OCH3); 13C NMR (125MHz, DMSO-d6) δ ppm 168.97, 162.98,
161.60, 161.13, 154.99, 149.16, 148.33, 145.17, 142.14, 137.34,
135.43, 130.99, 130.73, 130.11, 129.56, 129.44, 128.61, 128.13,
126.99, 125.65, 124.05, 117.53, 116.80, 114.92, 114.71, 55.83;
elemental analysis calcd (%) for C32H25ClN4O2: C, 69.28; H, 4.13; N,
10.42; Found: C, 69.42; H, 4.05; N, 10.70.

4.1.5.15. N'-((Z)-1-(4-Aminophenyl)-3-(4-methoxyphenyl)allylidene)-2-
(4-methoxyphenyl)quinoline-4-carbohydrazide (9o). Light brown solid
(30% yield); mp 200–202 °C; 1H NMR (500MHz, DMSO-d6) δ ppm
8.36–8.32 (m, 3H), 8.31–8.28 (m, 2H), 8.21 (d, J=8.2 Hz, 1H), 8.12
(d, J=9.2 Hz, 2H), 7.82 (t, J=7.7 Hz, 2H), 7.74 (d, J=8.5 Hz, 2H),
7.64–7.61 (m, 1H), 7.13 (d, J=8.5 Hz, 3H), 7.05 (d, J=9.2 Hz, 2H),
6.79 (d, J=8.2 Hz, 1H), 3.86 (s, 3H, OCH3), 3.83 (s, 3H, OCH3); 13C
NMR (125MHz, DMSO-d6) δ ppm 169.31, 163.40, 161.51, 161.38,
155.90, 149.05, 148.42, 142.03, 131.11, 131.05, 130.65, 129.87,
129.81, 129.38, 129.29, 129.14, 128.56, 127.32, 127.17, 125.68,
123.71, 117.20, 114.88, 114.77, 114.68, 55.81, 55.38; LC-MS m/z
529 (M+H)+; elemental analysis calcd (%) for C33H28N4O3: C, 74.98;
H, 5.34; N, 10.60; Found: C, 75.21; H, 5.42; N, 10.87.

4.1.5.16. N'-((Z)-1-(4-Aminophenyl)-3-(4-methoxyphenyl)allylidene)-2-
(4-methylphenyl)quinoline-4-carbohydrazide (9p). Yellow solid (35%
yield); mp 240–243 °C; 1H NMR (500MHz, DMSO-d6) δ ppm 12.17 (s,
1H, NH), 8.34–8.31 (m, 2H), 8.28 (d, J=8.0 Hz, 2H), 8.21 (d,
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J=8.3 Hz, 1H), 8.15 (d, J=8.0 Hz, 2H), 7.92–7.79 (m, 2H), 7.74 (d,
J=8.5 Hz, 2H), 7.67 (t, J=7.6 Hz, 1H), 7.40 (d, J=8.3 Hz, 3H), 7.14
(d, J=8.5 Hz, 1H), 7.06 (d, J=8.5 Hz, 2H), 6.79 (d, J=8.5 Hz, 1H),
3.84 (s, 3H, OCH3), 2.41 (s, 3H, CH3); 13C NMR (125MHz, DMSO-d6) δ
ppm 169.11, 163.13, 161.58, 156.18, 149.10, 148.39, 147.94, 145.09,
141.87, 140.23, 135.80, 130.77, 130.03, 129.42, 128.59, 127.71,
127.57, 127.02, 125.61, 123.87, 117.43, 116.78, 114.91, 114.70,
113.18, 55.82, 21.41; LC-MS m/z 513 (M+H)+; elemental analysis
calcd (%) for C33H28N4O2: C, 77.32; H, 5.51; N, 10.93; Found: C, 77.49;
H, 5.59; N, 11.20.

4.1.5.17. N'-((Z)-1-(4-Aminophenyl)-3-(4-methoxyphenyl)allylidene)-2-
(4-chlorophenyl)-6-methoxyquinoline-4-carbohydrazide (9q). Yellow
solid (31% yield); mp 277–279 °C; 1H NMR (400MHz, DMSO-d6) δ
ppm 12.12 (s, 1H), 8.38–8.34 (m, 3H), 8.33–8.30 (m, 2H), 8.08 (d,
J=8.7 Hz, 2H), 7.74 (d, J=8.7 Hz, 2H), 7.66–7.64 (m, 1H), 7.63–7.60
(m, 3H), 7.53–7.46 (m, 2H), 7.17 (d, J=8.9 Hz, 1H), 7.07 (d,
J=8.7 Hz, 2H), 3.90 (s, 1H, OCH3), 3.83 (s, 3H, OCH3); 13C NMR
(100MHz, DMSO-d6) δ ppm 163.22, 161.58, 161.33, 158.57, 158.23,
152.41, 149.14, 144.56, 140.13, 137.47, 134.91, 131.73, 129.43,
129.38, 129.19, 129.05, 128.61, 127.00, 125.31, 123.38, 117.93,
117.44, 114.90, 114.72, 103.52, 56.02, 55.81; elemental analysis
calcd (%) for C33H27ClN4O3: C, 70.39; H, 4.83; N, 9.95; Found: C,
70.56; H, 4.87; N, 10.21.

4.1.5.18. N'-((Z)-1-(4-Aminophenyl)-3-(4-methoxyphenyl)allylidene)-2-
(4-methoxyphenyl)-6-methoxyquinoline-4-carbohydrazide (9r). Yellow
solid (36% yield); mp 237–239 °C; 1H NMR (500MHz, DMSO-d6) δ
ppm 12.09 (s, 1H, NH), 8.33 (s, 1H), 8.29 (d, J=8.2 Hz, 2H),
8.26–8.23 (m, 2H), 8.15–8.00 (m, 2H), 7.74 (d, J=8.0 Hz, 2H),
7.60–7.55 (m, 1H), 7.49 (d, J=8.2 Hz, 2H), 7.19–7.11 (m, 4H), 7.06
(d, J=8.1 Hz, 2H), 3.90 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.84 (s, 3H,
OCH3); 13C NMR (125MHz, DMSO-d6) δ ppm 169.29, 163.37, 161.55,
161.05, 158.08, 153.47, 148.99, 145.00, 144.59, 139.97, 131.49,
131.18, 129.40, 128.91, 128.74, 128.60, 127.06, 126.84, 124.77,
123.01, 122.63, 117.62, 114.91, 114.73, 103.60, 55.98, 55.82, 55.79;
elemental analysis calcd (%) for C34H30N4O4: C, 73.10; H, 5.41; N,
10.03; Found: C, 73.14; H, 5.44; N, 10.21.

4.1.5.19. N'-((Z)-1-(4-Aminophenyl)-3-(3,4-dimethoxyphenyl)allylidene)-
2-(4-chlorophenyl)-6-methoxyquinoline-4-carbohydrazide (9s). Orange
solid (32% yield); mp 225–228 °C; 1H NMR (500MHz, DMSO-d6) δ
ppm 12.15 (s, 1H, NH), 8.38–8.30 (m, 5H), 8.12–8.04 (m, 2H),
7.70–7.60 (m, 4H), 7.52 (d, J=8.9 Hz, 2H), 7.45–7.40 (m, 1H), 7.25
(d, J=8.9 Hz, 2H), 7.06 (d, J=8.2 Hz, 1H), 3.91 (s, 3H, OCH3), 3.86
(s, 3H, OCH3), 3.83 (s, 3H, OCH3); 13C NMR (125MHz, DMSO-d6) δ
ppm 163.23, 158.57, 158.20, 152.40, 151.47, 149.60, 149.35, 149.15,
144.58, 143.85, 140.25, 137.61, 137.50, 134.90, 134.03, 131.73,
129.39, 129.20, 129.05, 127.21, 125.36, 123.41, 122.73, 117.98,
111.98, 108.69, 103.54, 56.08, 56.04, 55.97; LC-MS m/z 593 (M
+H)+; elemental analysis calcd (%) for C34H29ClN4O4: C, 68.86; H,
4.93; N, 10.79; Found: C, 68.77; H, 4.88; N, 10.64.

4.1.5.20. N'-((Z)-1-(4-Aminophenyl)-3-(3,4-dimethoxyphenyl)allylidene)-
2-(4-methoxyphenyl)-6-methoxyquinoline-4-carbohydrazide (9t). Orange
solid (30% yield); mp 263–265 °C; 1H NMR (500MHz, DMSO-d6) δ
ppm 12.12 (s, 1H, NH), 8.44–8.19 (m, 4H), 8.13–7.97 (m, 3H),
7.77–7.36 (m, 3H), 7.33–6.80 (m, 5H), 6.64–6.56 (m, 1H), 6.12–6.03
(m, 1H), 3.89 (s, 3H, OCH3), 3.86 (s, 6H, 2OCH3), 3.80 (s, 3H, OCH3);
13C NMR (125MHz, DMSO-d6) δ ppm 163.36, 161.05, 158.09, 153.47,
151.48, 149.60, 149.29, 144.60, 139.93, 131.50, 131.18, 131.03,
128.92, 127.19, 126.05, 124.77, 123.04, 122.72, 120.45, 117.65,
114.73, 113.16, 112.93, 111.99, 110.93, 108.70, 103.56, 56.09,
56.055, 55.99, 55.81; LC-MS m/z 589 (M+H)+; elemental analysis
calcd (%) for C35H32N4O5: C, 71.41; H, 5.48; N, 9.52; Found: C, 71.54;
H, 5.51; N, 9.40.

4.2. Biology section

4.2.1. Cell culture and reagents
Human lung adenocarcinoma (A549) and chronic myeloid leukemia

(K-562) cell lines were obtained from the American Type Culture
Collection (ATCC; Manassas, VA, USA) and were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Sigma-Aldrich Co., LLC., St. Louis,
MO, USA), or Iscove's Modified Dulbecco's Medium (IMDM, Sigma-
Aldrich) respectively, containing 10% fetal bovine serum (FBS; Sigma-
Aldrich), in a humidified atmosphere with 5% CO2 at 37 °C. Quinoline-
chalcone derivatives were chemically synthesized (9a-t). Cisplatin was
purchased from Sigma-Aldrich. All chemicals used in this study were of
the analytical or cell culture grade.

4.2.2. NCI screening methodology
The compounds were shipped for anticancer screening to National

Cancer Institute, MD, USA. The methodology used for NCI anticancer
screening has been described in detail elsewhere [58]. Briefly, the
Sulforhodamine B colorimetric assay was performed using approxi-
mately 60 human tumor cell lines panel derived from nine neoplastic
diseases, in accordance with the protocol of the Drug Evaluation
Branch, National Cancer Institute, Bethesda. Compounds to be tested
were added to the cells at a single concentration (10-5 M) and incubated
for 48 h. End point determinations were made with a protein binding
dye, SRB. Cell growth was evaluated spectrophotometrically. Results
for each compound tested were reported as the percent of growth of the
treated cells relative to the untreated control cells.

4.2.3. Proliferation and cytotoxicity assays
Proliferation of for A549 and K-562 cells was quantified as BrdU

incorporation using a Cell Proliferation ELISA, BrdU (colorimetric) Kit
(Roche Diagnostics, Indianapolis, IN, USA). A549 or K-562 cells were
seeded at 5×103 cells/well and cultured overnight in a 96-well plate.
The cells were treated with 0.5, 1, 5, 10, 25, 50 or 100 μM quinoline-
chalcone derivatives (9a-t), cisplatin as a positive controls, or DMSO as
a negative control for 24 h. BrdU was added at a final concentration of
10 μM and cultured further for 2 h. BrdU incorporation by the cells was
quantified according to the manufacturer’s instructions. At least three
independent experiments were performed. Percentage of growth in-
hibition was determined as [1− (OD of treated cells/OD of control
cells)]× 100. To assess the induction cytotoxicity of the synthesized
compounds using A549 and K-562 cell lines, cell viabilities were as-
sessed using trypan blue exclusion assay. A549 or K-562 cells were
seeded as 5× 103 cells/well and cultured overnight in a 96-well plate.
The cells were treated with 0.5, 1, 5, 10, 25, 50 or 100 μM quinoline-
chalcone derivatives (9a-t), cisplatin as a positive controls, or DMSO as
a negative control for 24 h. The cultured cells were harvested and re-
suspended in 100 μL DMEM or IMDM, and the cell suspension was
thoroughly mixed with an equal volume of 0.4% trypan blue staining
solution (Gibco, Grand Island, NY, USA). Numbers of viable and dead
cells were counted using a hemocytometer and the cell viability per-
centage was determined by dividing the number of viable cells by the
number of total cells (viable+ dead) and multiplying by 100.

4.2.4. Cell cycle analysis and apoptosis analysis
Cell cycle progression or induction of apoptosis of A549 or K-562

cells was analyzed by a FACS Calibur flow cytometer (BD Biosciences,
San Jose, CA, USA) using the BD Pharmingen™ FITC-BrdU Flow Kit (BD
Biosciences) or the annexin V/propidium iodide (PI) staining kit
(BioLegend, San Diego, CA, USA), respectively, according to the man-
ufacturer’s instructions. A549 or K-562 cells were treated with 1, 3 or
6 µM of quinolone/chalcone hybrids; 9i or 9j, or DMSO (vehicle) for
24 h. For each subset, about 10,000 events were analyzed. Quantitative
analyses of the FACS data were performed using the FlowJo software
(Flowjo, Ashland, OR, USA).
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4.2.5. PI3K biochemical assay
The inhibitory effect of compounds 9i and 9j against class I PI3K

enzymes were evaluated using ADP-GloTM kinase detection kit
(Promega; Madison, WI, USA). PI3K kinase and the substrate PIP2/PS
were purchased from Invitrogen (Carlsbad, CA, USA). PI3Kα kinase
mixture were prepared in kinase buffer at a concentration of 0.375 ng/
µL (11 ng/µL, 4.5 ng/µL, 10 ng/µL for PI3Kβ, PI3Kγ and PI3Kδ bio-
chemical assays, respectively). The ATP/substrate mixture contained
5 µM PIP2/PS and 25 µM ATP (25 µM PIP2/PS and 75 µM ATP for
PI3Kβ). Different concentrations (0, 1, 10, 50, 100, 500, 1000,
5000 nM) of 9i and 9j were prepared. 2 µL of diluted compound and
4 µL of ATP/substrate mixture were added to individual wells of 384-
well assay plates.

The reactions were started by adding 4 µL of each kinase mixture
per well. The final volume for the reaction was 10 µL, ATP concentra-
tion was 10 µM (30 µM for PI3Kβ), PIP2/PS concentration was 2 µM
(10 µM for PI3Kβ), and PI3Kα kinase concentration was 0.15 ng/µL
(4.4 ng/µL, 0.15 ng/µL 4 ng/µL for PI3Kβ PI3Kγ and PI3Kδ, respec-
tively). The assay plates were covered and reactions were allowed to
proceed for 1 h, after which 10 µL of Kinase GloTM reagent per well was
added. The plates were incubated for 40min, and then 20 µL of kinase
detection reagent per well was added. The plates then were equilibrated
in the dark for 30min, after which luminescence was measured and the
percentage of inhibition was calculated based on the following equa-
tion:

% inhibition [1 (RLU compound RLU min)/(RLU max
RLU min)] 100

=
×

where in RLUcompound is the luminescence reading at a given com-
pound concentration, RLUmin is the luminescence reading at the
highest concentration (20 µM, the highest concentration is 2.5 µM for
PI3Kα biochemical assay) of positive control to completely inhibit PI3K
kinase activity, and RLUmax is luminescence reading in the absence of a
compound. IC50 values were determined by Graph Pad Prism 5 (Version
5.01, GraphPad Software, San Diego, CA, USA).

4.2.6. Western blotting analysis
After 24 h incubation with 9i, 9j, or DMSO (control), A549 or K-562

cells were harvested, washed twice with chilled PBS, and lysed with ice-
cold lysis buffer containing 0.1% SDS, 150mM NaCl, 1 mM EDTA, 1%
Triton X-100, 2 µg/ml aprotinin, 5 µg/ml pefabloc SC (4-(2-
Aminoethyl) benzenesulfonyl fluoride hidrochloride), a protease in-
hibitor cocktail, 1% phosphatase inhibitor cocktail and 50mM Tris–HCl
(pH 7.4). The cell lysates were kept on ice for 30min after gently
vortex, and then centrifuged at 14,000g for 15min at 4 °C. The super-
natants were loaded onto SDS-PAGE gel immediately after protein ex-
traction, or otherwise the supernatants were stored at −80 °C until use.
The protein concentration was determined by Bradford assay (Bio-Rad
laboratories, CA, USA) according to the instructions of the manufacture.
For Western blotting analysis, 30 µg of protein cell lysates were loaded
onto a 15% SDS-PAGE gel. Proteins separated on a SDS-PAGE gel were
transferred onto a PVDF membrane. The PVDF membrane was in-
cubated in blocking buffer containing 3% non-fat milk powder, 1%
bovine serum albumin (Sigma-Aldrich), and 0.5% Tween-20 in PBS for
1 h. Subsequently, the PVDF membrane was incubated with the suitable
primary antibody overnight, followed by incubation with HRP-con-
jugated anti-rabbit IgG (Cell Signaling Technologies) or HRP-con-
jugated anti-mouse IgG (Becton Dickinson Co, Durham, NC, USA) for
1 h with agitation at room temperature. Binding of each primary anti-
body was detected on an X-ray film (Konica Minolta Medical Imaging,
Wayne, NJ, USA) with ECL prime immunodetection reagent (GE
Healthcare, Little Chalfont, UK).

4.3. Statistical analysis

IC50s were calculated by Graph Pad Prism (Version 5.01, GraphPad
Software, San Diego, CA, USA). Data shown are represented as
means ± SD for three independent experimental results. Student’s t-
test was performed to determine the statistical significance between
different results and control. Statistical significance was defined as
*P < 0.05 or **P < 0.005.

4.4. Molecular docking study

Docking of the synthesized compounds 9i, 9j, 9l, and LY292004 was
done on the active sites of different isoforms of PI3K to determine
possible binding modes between the compounds and the enzyme cat-
alytic site. Experiments were done on MOE 2014 program. Target
compounds were constructed into the builder interface; energy was
minimized. X-ray crystallographic structure of the ligand enzyme
complex was downloaded from protein data bank (www.rcsb.org). Pdb
file codes were 4JPS for PI3K-α, 2WXP for PI3K-δ and 1E7V for PI3K-γ.
Enzyme preparations were done next via deleting the legend, adding
hydrogen atoms, and the atom connection and type were automatically
corrected. Then the potential of these receptors was fixed and docking
of the selected structures was done into the 3D structure of the catalytic
site of the different isoforms. The poses obtained were studied and the
poses showing best ligand enzyme interactions were selected and stored
for energy calculations.
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