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A B S T R A C T

3-Amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile derivatives were synthesized from three-component reac-
tion of arylaldehyde, malononitrile and 2-naphthol in the presence of 1, 4-bis(4-ferrocenylbutyl)piperazine as a
new catalyst. Cytotoxic potencies of the compounds were tested on HT-29 cells. 3-Amino-1-(4-fluorophenyl)-1H-
benzo[f]chromene-2-carbonitrile (4c) was more active among these compounds and was selected for further
studies. Apoptosis was investigated by acridine orange/ethidium bromide (AO/EtBr) double staining and flow
cytometry. The qRT-PCR was used to analyze the expression of pro- and anti-apoptotic genes. The binding
attributes of 4c with calf thymus DNA (ctDNA) was examined using multi-spectroscopic measurements. We
found that 4c had potent cytotoxic activity against HT-29 cells with an IC50 value of 60 µM through induction of
cell cycle arrest in the sub-G1 phase and apoptosis. RT-PCR analysis demonstrated down-regulation of Bcl-2
expression, while the expression of Bax, caspase-3, -8 and -9 genes was up-regulated in HT-29 cells incubated
with 4c compared with control cells. These studies revealed that 4c interacts with DNA through groove binding
mode with the intrinsic binding constant (Kb) of 3×102 M−1. Thus, 4c is a valuable candidate for further
evaluation as a new series of potent chemotherapeutic family in colon cancer treatment.

1. Introduction

Cancer is one of the harmful diseases, being a primary general
health problem as well as a main killer worldwide [1]. At present,
colorectal cancer is one of the most important reason of cancer deaths
in humans and a great rate of resistance to common chemotherapies has
been recorded as a major limitation. Thus, there are increasing attempts
to stop the progression of this disease by the application of either new
synthetic or natural compounds [2,3]. Anticancer compounds eliminate
cells that are immortal either by disturbing cellular pathways that are
critical for cell permanence or by way of inducing apoptosis (pro-
grammed cell death) [4]. Apoptosis is a gene-regulated phenomenon,
that is distinguished by specific structural features, as cell and nuclear
shrinkage, formation of plasma membrane blebs, chromatin con-
densation, and oligonucleosomal DNA fragmentation [5]. Two major

molecular ways that trigger programmed cell death include the ex-
trinsic (is initiated by activation of death receptor) and the intrinsic (is
activated by cellular stresses) pathways [4].

The extrinsic pathway is associated with controlling cell turnover by
eliminating mutant cells. In this pathway, cell death is stimulated by the
interplay among death ligands (like TNF) and their appropriate death
receptors. The death development initiating complex then induces the
activity of caspase-8 and caspase-3, which are the starter and effector
caspases, respectively [6,7]. The intrinsic pathway is triggered in re-
sponse to the antineoplastic drug action that damages DNA and causes
the exit of mitochondrial proteins like cytochrome c that promotes
caspase-9 and caspase-3 activity [6,8]. Also, in the mitochondria
mediated pathway, pro- and anti-apoptotic Bcl-2 family members play
important roles; the ratio of pro- and anti-apoptotic proteins (e.g. Bcl-2/
Bax) is regarded as a determinant of whether a cell will undergo
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apoptosis or survive [9]. Various studies have shown that the excessive
levels of anti-apoptotic Bcl-2 family members consisting Bcl-2, Bcl-xl,
Mcl-1, Bcl-w play a significant role in resistance of tumor cells to che-
motherapy. Thus, a decrease in Bcl-2 and an increase in Bax expression
can induce the apoptotic process and eliminate cancer cells [10].

With regard to chemotherapeutic drugs causing cell death, there are
increasing attempts towards development of anti-Bcl2 compounds to
induce apoptosis. The chromene derivatives are recently reported as a
new effective anti-tumor compounds [11,12].

Chromenes (benzopyrans) are attracting widespread interest due to
their various biological potentials. Heterocyclic compounds like ben-
zochromens have many roles in the progress of present pharmaceu-
ticals, typical resources, agriculture productions and dyes. Many pub-
lications have appeared in recent years demonstrating that most
chemotherapeutic compounds stimulate apoptosis as a mode of cell
death in cancer cells [13,14]. Global statistics display that the annual
rate of cancer is rising and that is required to model new integrated
heterocyclic moieties to produce potential anticancer drugs with
helpful biological uses. They are heterocyclic ring system, including a
pyran ring combined with benzene ring. Benzopyran forms the basic
scaffold of different types of polyphenols and obtained in natural to-
copherols, anthocyanins, alkaloids, flavonoids and it can be also found
in tannins, tea, fruits and vegetables [14]. Chromenes and their deri-
vatives scaffolds of dihydropyranochromene are one of the most com-
monly encountered oxygen containing heterocycles [15,16] have a
wide span of biological properties, including anti-cancer [17,18], an-
timicrobial activities [19,20], anti-inflammatory effects [21] anti-
oxidant [22], antiviral, anti-HIV, anti-lishmanial, and anti-anaphylactic
activities [23]. Also, chromene derivatives can be effected the therapy
of neurodegenerative diseases, as amyotrophic lateral sclerosis, Par-
kinson’s disease, Alzheimer’s disease, Down’s syndrome, AIDS asso-
ciated dementia and treatment of schizophrenia and myoclonus
[16,19]. The application of different chromene systems with potential
candidates that can be used as drug targets for cancer treatment has
been reported in several types of cancer cell treatment. For example,
the 2-amino-7-dimethylamino-4-aryl-4H-chromene-3-carbonitrile dis-
played growth inhibition of the multidrug-resistant human uterine
sarcoma (MES-SA/DX-5) [24]. Moreover, 1H-benzo[f]chromene deri-
vatives have displayed as one of the most auspicious and desirable
scaffolds for the development of potent antitumor agents. For example,
several derivatives of 1H-benzo[f]chromene, compounds showed pro-
mising cytotoxic and apoptotic effects on various cancer cell lines
[25,26]. On the other hand, the 7H-benzo[h]chromeno [2,3-d] pyr-
imidine derivative exhibited significantly more potent antitumor ac-
tivity against different human cancer cell lines [27]. And, the cytotoxic
activities of the 2-amino-4-aryl-3-cyano-7- (dimethylamino)-4H-chro-
menes against six human tumor cell lines were evaluated [12].

Lately owing to the spread of cancer disease, there has been an
increasing attention to studying the interaction of small molecules with
DNA as anti-cancer drugs. The small molecules apply their anticancer
activities by binding to DNA, thereby damaging DNA structure, chan-
ging replication of double helix DNA, hindering the division of cancer
cell, also leading to cell. Small molecules binds to DNA through cova-
lent and/or non-covalent interactions [28,29] such as electrostatic
binding for cations, intercalative binding with planar ligands, and
groove binding with some other ligands [16,30]. In continuation of our
previous researches on the synthesis of ferrocene derivatives [31] and
the modification of the multicomponent reactions with these type of
compounds [32,33], in the present study, we report a new catalyst that
contains ferrocene moiety as an efficient available catalyst for the
synthesis of 3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile

derivatives according to three-component reaction of arylaldehyde,
malononitrile and 2-naphthol. The in vitro cytotoxic activity of 4c
(Fig. 1) was determined using MTT assays, assessment of cell death
based on morphological features and flow cytometry assessments of
apoptosis in human HT-29 cells. Also, we studied the relationship of a
chemotherapeutic efficacy to Bcl-2 and Bax gene expression as well as
activation of caspase-3, -8 and -9. Also, the interaction properties of 4c
with double helix DNA were recorded by UV–Vis absorption and
fluorescence spectroscopy and viscosity measurements.

2. Materials and methods

2.1. Chemistry

All chemical reagents used in our experiments were purchased from
Sigma-Aldrich and Merck companies. Experimental section melting
points were determined in open capillaries with a MEL-TEMP model
1202D apparatus. FT-IR spectra were recorded from KBr disk on the FT-
IR Bruker Tensor 27 spectrometer. 1H and 13CNMR spectra were re-
corded with a Bruker Spectrospin Avance 400 spectrometer. The ele-
mentary analyses were carried out by Vario EL III analyzer.

2.1.1. Synthesis and characterization of 1, 4-bis(4-ferrocenylbutyl)
piperazine as catalyst

A 50ml round-bottom flask equipped with a reflux condenser was
charged with 4-chlorobutylferrocene (0.61 g, 2.2 mmol), piperazine
(0.086 g, 1mmol), sodium carbonate (0.17 g, 1.6mmol) and acetoni-
trile (25ml) and the mixture was refluxed for 48 h, after this period, the
reaction mixture was diluted with water and extracted with di-
chloromethane (3×30ml). The combined organic phases were dried
over Na2SO4 and evaporated on a rotary evaporated under atmospheric
pressure. The crude product was purified by column chromatography
(methanol/ethyl acetate, 1:9) and the desired product was obtained in
87% yields.

0.49 g of orange solid was obtained (m.p. 98–100 °C). FT-IR (KBr,
cm−1): 3082 (CeH Ar), 2930, 2803 (CeH), 1634, 1530 (C]C), 1111,
998 (CeN), 486 (Cp-Fe); 1H NMR (400MHz, CDCl3): δ 1.51 (m, 8H,
CH2CH2CH2CH2), 2.34 (m, 4H, Cp-CH2, 2.51 (br, 12H, NCH2),
4.02–4.04 (m, 8H, CpCH2-), 4.08 (s, 10H, Cp); 13C NMR (100MHz,
CDCl3,): δ 25.5, 27.9, 28.4, 51.9, 57.4, 66.0, 66.9, 67.4, 88.0. Elemental
analysis: calcd for C32H42Fe2N2 (%): C 67.27, H 7.40, N 4.90, Fe 20.43.

Fig. 1. Structure of cells 3-Amino-1-(4-fluorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4c).
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Found (%): C 67.42, H 7.32, N 4.81, Fe 20.51.

2.1.2. General procedure for synthesis of 3-amino-1-aryl-1H-benzo[f]
chromene-2-carbonitrile derivatives (4a-f)

To a mixture of 2-naphthol (1mmol), appropriate arylaldehyde
(1mmol) and malononitrile (1.2 mmol), 10 mg of 1, 4-bis(4-ferroce-
nylbutyl) piperazine was added as catalyst. The reaction mixture was
stirred at 100 °C in an oil bath under solvent free condition. After
completion of the reaction (monitored by TLC), the reaction mixture
was cooled and the obtained precipitate was washed with di-
chloromethane. Finally, the material was recrystallized from ethanol.

2.1.3. Selected spectral data
2.1.3.1. 3-Amino-1-phenyl-1H-benzo[f]chromene-2-carbonitrile
(4a). White solid. m. p. 278–280 °C 1HNMR (400MHz, DMSO‑d6): δ
5.29 (1H, s, CH), 6.99 (2H, s, NH2), 7.12–7.27 (5H, m, Ar-H), 7.33–7.35
(1H, d, J=8.91Hz, Ar-H), 7.38–7.45 (2H, m, Ar-H), 7.82–7.84 (1H, m,
Ar-H), 7.89–7.94 (2H, m, Ar-H) ppm.

2.1.3.2. 3‐Amino‐1‐(4-methoxyphenyl)‐1H-benzo[f]
chromene‐2‐carbonitrile (4d). White solid. m. p. 191–193 °C 1H NMR
(400MHz, DMSO‑d6): δ 3.65 (3H, s, OCH3), 5.24 (1H, s, CH), 6.79–6.81
(2H, d, J=8.49 Hz, Ar-H), 6.94 (2H, s, NH2), 7.09–6.11 (2H, d,
J=8.56 Hz, Ar-H), 7.31–7.32 (2H, d, J=8.93Hz, Ar-H), 7.38–7.45
(2H, m, Ar-H), 7.83–7.85 (1H, d, J=7.93 Hz, Ar-H), 7.89–7.92 (2H, m,
Ar-H) ppm.

2.1.3.3. 3‐Amino‐1‐(thiophen‐2‐yl)‐1H-benzo[f]chromene‐2‐carbonitrile
(4f). Yellow solid. m.p. 257–259 °C 1HNMR (400MHz, DMSO‑d6): δ
5.71 (1H, s, CH), 6.86–6.88 (1H, m, Ar-H), 7.01 (1H, d, J=2.90 Hz, Ar-
H), 7.14 (2H, s, NH2), 7.24–7.26 (1H, m, Ar-H), 7.30 (1H, d,
J=8.93 Hz, Ar-H), 7.42–7.45 (1H, m, Ar-H), 7.48–7.52 (1H, m, Ar-
H), 7.90–7.93 (2H, m, Ar-H), 8.03 (1H, d, J=8.38 Hz, Ar-H) ppm.

2.2. Biological activities

The cell culture medium (RPMI 1640), fetal bovine serum (FBS) and
penicillin-streptomycin were obtained from Gibco (life technologies,
Paisley, Scotland). The culture plates were purchased from Nunc
(Kamstrupvej, Denmark). Annexin-V FITC apopotosis kit was obtained
from Roche (Mannheim, Germany). Dimethylsulfoxide (DMSO), Tris-
HCl, ethidium bromide (EtBr), propidium iodide (PI), MTT assay kit,
acridine orange (AO), and Calf thymus DNA (ctDNA) were obtained
from Sigma-Aldrich (St. Louis, MO, USA). The human HT-29 cell line
was purchased from Pasteur Institute of Iran (Tehran, Iran).

2.2.1. Cell culture
The human HT-29 cancer cells were cultured in a cell culture

medium and added 10% fetal bovine serum, 100 IU/ml penicillin and
100 µg/ml streptomycin. The HT-29 cells were incubated at 37 °C under
a 5% CO2 atmosphere [34].

2.2.2. Cytotoxicity of chromene derivatives
MTT (water soluble tetrazolium salt assay) is an assay to specify

viability of cells with the changing of the water-soluble tetrazolium salt
to an unsolvable purple formazan by respiring cells. HT-29 cells
(4× 104 cells/well) were pipetted into 96-well cell culture plates for
24 h before to adding 4a-f and were incubated at 37 °C and 5% CO2.
After treatments with 4c, at different doses for various time intervals,
20 µL of the tetrazolium salt (5mg/ml in PBS) stock solution were
added to each plate and maintained for 3 h. During maintenance,

200 µL of Dimethylsulfoxide was added to disperse the dissoluble
crystals and the absorbance was recorded at 570 nm by a plate reader
[35].

2.2.3. Morphological assessment of the apoptotic cells
To study the effect of 4c on apoptosis, the cells were stained using

fluorescent acridine orange/ethidium bromide (AO/EtBr). For mor-
phological analysis, HT-29 cells (5× 105 cells/well) were pipetted into
6 wells, and maintained with the respective IC50 concentration of 4c for
24 and 48 h. The HT-29 Cells were washed with 200 µL of cold phos-
phate-buffered saline (PBS). Cells (10 µL) were put on a glass slide and
mixed with the AO/Et Br stock solution (1:1, v/v) at a ultimate con-
centration of 100 µg/m. Samples were examined by fluorescence mi-
croscopy (Olympus BX 41, Hamburg, Germany) [36].

2.2.4. Cell cycle study
Flow cytometry method was applied to study the apoptosis and cell

cycle dispersal of HT-29 cells incubated with 4c at IC50 concentration.
The HT-29 cells (5× 105 cells/well) were pipetted into 24 wells for
24 h earlier to incubation with 60 µM of 4c for 24 and 48 h. Later HT-29
cells were gathered and stained with 70% cold ethanol and maintained
at −20 °C for 30min. Following the incubation, cells were collected,
suspended with PBS, and dyed with 1mg/mL propidium iodide (PI) and
10mg/mL RNase and maintained in dark room temperature for 15min.
Finally, cell cycle distribution was recorded by flow cytometry. The
fraction of HT-29 cells in the sub-G1, G0/G1, S and G2/M phases were
evaluated by Multicycle Cell Cycle software (Partec PAS, Munster,
Germany) [37,38].

2.2.5. Annexin-V-FITC/PI double staining assays
To further verify cell death, Annexin V/PI staining was utilized to

detect the localization of phosphatidyl serine (PC) on the outside of the
cell membrane [39]. Annexin-V/PI staining allows the quantitative
determination of apoptotic cells on a single-cell basis using flow cyto-
metry. HT-29 cells (5× 105 cells/well) were seeded in 24 well cell
culture plates for 24 h, and then incubated with the respective IC50

concentration of 4c for 24 and 48 h. Following collection, the cells were
suspended with PBS, re-suspended in Annexin binding buffer (10mM
HEPES/NaOH, pH 7.4, 140mM NaCl, 2.5 mM CaCl2), and 10 µL of
Annexin-V FITC and 10 µL PI (according to the manufacture’s re-
commendations) were added. The HT-29 cells were kept in the covert
area for 30min, and studied by flow cytometry (Partec PAS) [4,40].

2.2.6. Evaluation of Bax and Bcl-2 gene expression upon 4c treatment
Total RNA was prepared from treated and untreated cells using

Tripure isolation reagent (Roche, Cat No. 11667165001) based on the
protocol and stored at −80 °C. The cDNA was prepared using TAKARA
complementary DNA synthesis kit (TAKARA, Cat No. 6130). SYBR
green PCR master mix (TAKARA, Cat No. RR820W) and primer set for
each gene (Table 1) were used for qPCR. GAPDH (housekeeping gene)
expression level was utilized for normalization. Finally, the mean of
duplicated Ct values was determined and the relative expression level of
Bax, Bcl-2 and caspase-3, -8 and -9 genes were calculated by the com-
parative Ct method.

2.2.7. DNA binding experiments
2.2.7.1. Preparation of stock solution. A stock solution of 4c was
prepared by dissolution a proper quantity of 4c in Tris-HCl buffer
containing 0.3% DMSO. The ctDNA stock solution was made by
dispersing a proper quantity of ctDNA in Tris-HCl buffer (10mM, pH
7.4) and stored at 4 °C. A solution of ctDNA presented a proportion of
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UV absorbance at 260 and 280 nm (A260/A280), which was in the range
of 1.8–19, implying that DNA was free from protein. The concentration
of double helix DNA was computed spectrophotometrically by ɛ of
6600M−1 cm−1 at 260 nm.

2.2.7.2. UV–Vis absorption spectra. To investigate the interaction
between ctDNA and 4c, the UV–vis spectra were recorded using PG
Instrument (T60, PG Instruments Ltd, Leicestershire, UK)
spectrophotometer. The absorption spectrum of 4c was evaluated in
the absence or presence of ctDNA for a constant compound
concentration and various ctDNA amounts. Also, ctDNA solution
spectra was recorded in the absence and presence of the 4c. The
reference solution was Tris-HCl buffer solution.

2.2.7.3. Fluorescence spectroscopy. Fluorescence emission spectra of 4c
was measured using FP6200 JASCO spectrofluorometer (Tokyo. Japan).
The emission property of 4c in the presence of different concentration
of ctDNA was determined. The fluorescence quenching measurements

were analyzed using a fixed concentration of 4c (1.0× 10−3 M) and
different amounts of ctDNA. Excitation of 4c was done at 280 nm and
emission spectra were documented from 400 nm to 470 nm. Both
excitation and emission slit were set at 5 nm. Stern-Volmer equation
was applied to obtain the quenching constant values (KSV) both in the
absence and presence of ctDNA.

2.2.7.4. Viscosity measurement. To further study the bonding properties
of 4c with ctDNA, viscosity measurements was performed by a
viscometer (Ubbelohde-Iran) at 25 °C. Double helix DNA solution
viscosity was evaluated in the absence or presence of adding different
amounts of 4c. Flow time was computed with a digital stopwatch,
taking the mean value of three measurements. The data got were
reported as (η/η0)1/3 versus [compound]/[DNA], where η and η0 are
the viscosity measured for the DNA solution in the presence and
absence of 4c, respectively [41].

2.3. Statistical analysis

The statistical analysis was performed by Graph-Pad Prism 6 (San
Diego, CA, USA). All data were revealed as mean ± standard deviation
(SD). Statistical importance of differences between groups was analyzed
by two-way ANOVA.

3. Results and discussion

3.1. Chemistry

3.1.1. Catalyst investigation
Firstly, in order to investigate the catalyst, we choose the reaction

between 2‐naphthol (1) with benzaldehyde (2) and malononitrile (3) as
a model reaction. Various catalysts were tested in this model reaction
under solvent free conditions at room temperature and obtained data
were collected in Table 2. As can be seen from the Table 2, in the ab-
sence of the catalyst, the desired product yield was low. The results

Table 2
Screening of various catalysts under solvent free conditions for the model reaction.

Entry Catalyst Time (min) Yield (%)

1 – 120 trace
2 – 120 trace
3 DABCO 90 15
4 CH3COOH 90 12
5 Na2SO4 90 8
6 MgO 90 8
7 H2SO4 90 10
8 p-TSA 90 10
9 1-methyl-4-(ferrocenylbutyl)piperazine 90 30

Table 1
Primer sequences and their specifications used in quantification real-time
PCR.

Gene Sequences

Bax-F 5′-CGACGGCAACTTCAACTGGG-3′
Bax-R 5′-CCCATGATGGTCCTGATCAACT-3′
Bcl-2-F 5′-GAGCGTCAACAGGGAGATGTC-3′
Bcl-2-R 5′-TGCCGGTTCAGGTACTCAGTC- 3′
Caspase-3-F 5′-ATGGTTTGAGCCTGAGCAGA-3′
Caspase-3-R 5′-GGCAGCATCATCCACACATAC-3′
Caspase-8-F 5′-ACCTTGTGTCTGAGCTGGTCT-3′
Caspase-8-R 5′-GCCCACTGGTATTCCTCAGGC-3′
Caspase-9-F 5′-GCAGGCTCTGGATCTCGGC-3′
Caspase-9-R 5′-GCTGCTTGCCTGTTAGTTCGC-3′
GAPDH-F 5′-CAAGATCATCAGCAATGCCTCC-3′
GAPDH-R 5′-GCCATCACGCCACAGTTTCC-3′
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indicated that the yields were improved by using the catalyst in the
model reaction. Various conventional acidic and basic catalysts af-
forded the desired product in low yields. In contrast to the conventional
catalyst, the synthesized catalyst, [1-methyl-4-(ferrocenylbutyl)piper-
azine] [31], containing ferrocene moiety as a Lewis acid and amine
moiety as a Lewis base led to a better yield (30%). In continuation, we
were designed, synthesized and used the new ferrocene based catalyst
(Scheme 1) in this multicomponent reaction for the synthesis of 3-
amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile derivatives (4a-f).

In order to optimize the reaction conditions, different conditions
such as various solvents, temperatures, times, and amount of catalyst
were used and the obtained results were summarized in Table 3. As
shown in Table 3, better result (75% yield) was achieved when the
reaction was carried out using 10mg of catalyst at 100 °C reaction
temperature under solvent free condition (Entry 11).

After optimization of the reaction conditions, various derivatives of
3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile (4a-f) (Scheme 1)
were synthesized using 10mg of catalyst at 100 °C under solvent-free
conditions (Table 4). After the completion of the reaction, the obtained
precipitate was washed several times with dichloromethane until the
filtrate was colorless and the residue was recrystallized from ethanol to
afford the desired product. In fact, this synthesized ferrocene based
catalyst has several acid and base sites that they acted as active sites of
the catalyst (Fig. 2). Hence, these active sites can be promoted the re-
action.

3.2. Biological activities

3.2.1. Anti-proliferative and apoptotic activity
Cell viability and IC50 values of benzochromene derivatives (4a-f)

was determined using MTT assays. Cell viability was investigated fol-
lowing the treatment of various concentration of compounds. The IC50

values of the benzochromene derivatives (4a-f) are shown in Table 5
was investigated after 72 h by water soluble tetrazolium salt (MTT)
assay. The results showed that some of the synthesised compounds
exhibited superior to modest anti-proliferative activity against HT-29
cells. In particular, compound 4c was displayed the most potent
counterparts, as it was more active others. Furthermore, as shown in
Table 5, compounds 4a, 4b, 4c, 4d, 4e and 4f with the IC50 values of
112 µM, 90 µM, 60 µM, 78 µM, 83 µM and 71 µM, respectively, were
evaluated. The IC50 values (amount of 4c that causes a 50% decrease in
cell viability) of 4c with 60 µM (Fig. 3A) was more active against HT-29
cells. These results indicated that 4c reduced cell proliferation of the
treated HT-29 cells in a dose and time-dependent manner [42,43]. The
results presented in Fig. 3B, indicated that cisplatin caused significant
decrease in cell viability of HT-29 as compared to 4c. The IC50 value of
cisplatin on HT-29 cells was found to be 39 µM. These values are in
good agreement with recent studies that showed the cytotoxicity of
different benzochromene derivatives on various types of cancer cells,
like human liver cancer, human cervical cancer, and human leukemia
[43]. The treatment of HT-29 cells with conferone (2H-chromene) was
showed a profound decrease in cell viability both dose- and time-de-
pendently [2]. In another study, cytotoxic activity of 1H-benzo[f]
chromene derivatives were investigated against a group of three human
cancer cell lines [44]. 4c was selected for more studies to investigate
the mechanism of cell death.

To detect the induction of apoptosis, HT-29 cells were seeded and
incubated with indicated concentrations (IC50 value= 60 µM) of the 4c
for 24 and 48 h. The cells were then stained with the fluorescent DNA
binding dyes (AO/EtBr) to discern the apoptotic cells. Microscopic
observations indicated that all the nuclei in untreated cells showed a
usual spherical structure and chromatin organization. In contrast, the
cells incubated with 4c were characterized by chromatin condensation
and fragmentation, a trait of apoptotic cells. The necrotic cells show
identically orange-stained cell nuclei with no condensed chromatin. As
shown in Fig. 4, the live cells had normal green nucleus, but apoptotic
cells exhibited bright green dots in their nuclei with chromatin con-
densation or fragmentation. These results revealed that 4c has pro-
apoptotic effects on HT-29 cancer cells.

Scheme 1. Synthesis of various cells 0.3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile derivatives (4a-f) under optimized conditions.

Table 3
Optimization of the reaction conditions such as solvent, temperature, time, and
amount of synthesized catalyst in the model reaction.a

Entry Catalyst amount
(mg)

Solvent Temperature (°C) Time
(min)

Yields (%)

1 50 H2O r.t. 90 15
2 50 EtOH r.t. 90 17
3 50 CHCl3 r.t. 90 12
4 20 – r.t. 80 23
5 10 – r.t. 80 25
6 5 – r.t. 80 18
7 10 – 60 60 42
8 10 – 70 60 48
9 10 – 80 50 45
10 10 – 90 40 60
11 10 – 100 35 75

a Reaction conditions: 2‐naphthol/benzaldehyde/malononitrile= 1:1:1.2
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Table 4
Synthesis of 3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile derivatives (4a-f) under optimized conditions.

Entry Product Time (min) Yield (%) Obs. m.p. (°C) Lit. m.p. (°C)

1 35 78 278–280 279–280 [67]

2 35 75 271–273 273–274 [67]

3 25 70 230–233 228–229 [67]

4 35 64 191–193 190–192 [67]

5 40 54 226–228 227–229 [67]

6 40 50 257–259 258–260 [31]

Fig. 2. Various active sites in the novel synthesized catalyst.
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3.2.2. Flow cytometry detection of apoptotic cells
Flow cytometry method was applied to detect the cell dispersal in

varying phase of the cell cycle, and explored whether 4c could induce

apoptosis. Fig. 5 displays the part of cells was increased in the sub-G1
phase following incubation of HT-29 cells with 4c. The cell cycle dis-
pensation of untreated cells was included in sub-G1, G0/G1, S and G2/
M phase by about 12.22%, 57.04%, 10.06% and 17.13%, respectively.
Whereas, the cell cycle distribution for HT-29 cells after treatment for
24 and 48 h were 36.95%, 40.33%, 7.00%, 15.72% and 46.91%,
30.33%, 9.33% and 9.88%, at sub-G1, G0/G1, S and G2/M phase, re-
spectively. These results indicated that 4c induced sub-G1phase arrest
and apoptosis in HT-29 cells. Cheraghi and coworkers showed that
natural coumarin conferone attributed a robust increase in the number
of HT-29 cells at G0/G1 phase that implied cell arrest at G0/G1 phase
[2].

To more confirm apoptosis, we used a flow cytometry method based
on the exposure of phosphatidyl serine (PS) on the cell surface by
Annexin V-FITC/PI double staining, a simple marker of apoptosis in-
duction [45]. This test is used to separate between live cells (FITC−/
PI−), early apoptotic cells (FITC+/PI−), late apoptotic cells (FITC+/
PI+), and necrotic cells (FITC−/PI+) [46]. The lower left quadrant of
the diagram represents the viable cells, which exclude FITC and PI. The
upper right quadrant displays the non-viable necrotic cells, positive for
FITC and showing PI uptake. The lower right quadrant shows the
apoptotic cells, FITC positive and PI negative, indicating Annexin V
binding and cytoplasmic membrane integrity. Fig. 6 displays that in-
cubation of HT-29 cells with 4c for 24 and 48 h resulted in a cell po-
pulation shifts from early to late apoptosis or necrosis compared with
untreated HT-29 cells. Furthermore, the percentage of cells in early and
late apoptosis was assessed for 24 h to be 3.71%, 22.88% and 48 h to be
4.16%, 47.29%, respectively. Naseri and coworkers showed that 4-aryl-
4H-chromenes induce apoptosis in HepG2, T47D and HCT116 cells. As
compound after 72 h propelled> 60% of HepG2 and T47D and>70%
of HCT116 cells into die via apoptosis [47].

3.2.3. Over- expression and down- expression of apoptosis-related genes in
HT-29 cells

For further assessment, activation of Bcl-2, Bax, caspase-3, -9 and -8,
which play important roles in the initiation and execution of apoptosis
were analyzed. Impaired apoptosis acts a significant function in de-
velopment of cancer cells and restricting the effectiveness of cancer
therapies [48,49]. Thus, the induction of apoptosis is a logical way to
reduce cell proliferation. Even so, cancer cells have grown different
strategies to oppose apoptotic cell death [50]. Up-expression of anti-
apoptotic Bcl-2 family members is one such strategy, which increases
apoptosis resistance. During the intrinsic (mitochondrial) apoptotic
pathway, DNA damage as an apoptotic stimuli induces the release of
mitochondrial proteins such as cytochrome c (Cyt c) and second mi-
tochondria-derived activator of caspases (Smac) from the inter-
membrane space to the cytosol [51]. Cytochrome c promotes activation
of initiator procaspase by forming a multimeric complex with other
molecules including Apaf-1 and pro-caspase-9, causing caspase-9 and
subsequently caspase-3, -6 and -7 activation [52]. A major mammalian
apoptotic pathway is that mediated by a group of death receptors in the
tumor necrosis factor receptor (TNFR) superfamily, which includes
TNFR1, CD95 (Fas/APO-1) and death receptors (DR) 3–6. These re-
ceptors play crucial roles in the regulation of immune responses. CD95-
mediated apoptosis, for example, is critical for the maintenance of
peripheral immune tolerance and the elimination of cells infected by
ligands. Upon binding to their corresponding trimeric ligands, these
receptors recruit an initiator procaspase, procaspase-8, to the mem-
brane-associated death-inducing signaling complex (DISC). The critical
role of caspase-8 in death receptor-mediated apoptosis is underscored
by the observation that cells deficient in caspase-8 are resistant to

Table 5
The IC50 values of investigated benzochromen compounds after 72 h of ex-
posure. Each value represents the means of three independent
experiments ± S.D. (P < 0.05).

Compound Compound name IC50 (µM)

Cisplatin 39

4a 112

4b 90

4c 60

4d 78

4e 83

4f 71
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Fig. 3. (A) Antiproliferative effect of 4c on HT-29 cells. The cells were subjected to various concentrations (20–150 µM) of 4c for 24, 48 and 72 h. Cell viability was
assessed by MTT assay and presented as percentage of the corresponding controls. (B) The cells were treated with various concentrations of cisplatin (20–100 µM).
The results are the means of three independent experiments ± S.D. (P < 0.05).

Fig. 4. Morphological changes of the HT-29 cells treated with 4c by fluorescence microscopy. After treatment with 4c for 24 and 48 h, the cells were harvested and
stained with AO/EtBr.
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apoptosis mediated by these receptors [53,54]. In most of tumor cells,
treatments that up-regulate the levels of caspase-8 expression [53].

Caspases are a type of proteolytic enzymes doing important func-
tions in programmed cell death. Caspase-3 is a key regulator in the
initiation and execution pathways of apoptosis [52]. Based on the re-
sults of this study, elevation of caspase-3 expression was observed after
treatment with 60 µM of 4c as compared with the untreated cells (re-
spective control cells) (Fig. 7A). All gene expressions were normalized
to GAPDH (reference gene). Based on Heo et al., sargachromonal E (SE)
as a chromene derivative induces apoptosis via activation of caspase-3
in the human leukemia HL-60 cells [55]. In order to provide more
evidence for the mechanism of 4c action in HT-29 cancer cells, the
activation of caspase-8 and -9 which play important role in the reg-
ulation of extrinsic and intrinsic pathways, respectively, were analyzed.
As shown in Fig. 7, the activation and up-regulation of caspase-8 and -9
after 48 h of incubation with IC50 value of 4c as a ligand was observed.
As a result, chromene derivatives are a family of heterocycles com-
pounds that play a key role in anti-proliferative and

immunomodulatory responses.
Bcl-2, the anti-apoptotic Bcl-2 family member, prevents apoptotic

cell death via binding to outer surface of mitochondria and sequestering
Bax-like pro-apoptotic sub-family, namely Bax. The increased expres-
sion of Bcl-2 and reduced expression of Bax has been demonstrated in
many drug-resistant tumor cells. The up-regulation of Bax and down-
regulation of Bcl-2 could eliminate tumor cells by inducing apoptosis
[50]. In the present study, up-regulation of Bax and down-regulation of
Bcl-2 was evaluated after incubation of HT-29 cells with 4c (Fig. 7). It
was recently recorded that 2-amino-4-(3-nitrophenyl)-3-cyano-7-(di-
methyamino)-4H-chromene (3-NC) induces apoptosis by up-regulating
Bax expression and down-regulating Bcl2 expression [47]. In addition,
the increased ratio of Bax to Bcl-2 (Bax/Bcl-2) plays a significant role in
collapse of mitochondrial membrane potential, which causes Cyt c re-
lease and cell death [50]. Thus, decreased Bcl-2 expression removes its
inhibitory effect on Bax. This results in increased levels of Bax and
activation of pro-caspase-9. Following caspase-9 activation the mi-
tochondrial membrane potential, which is normally maintained by anti-

Fig. 5. 4c induces cell cycle arrest in HT-29 cells. (A) The cells were treated with the indicated concentrations (IC50= 60 µM) of 4c and harvested after 24 and 48 h.
The cells were stained with propidium iodide (PI) and then the percentage of cells was calculated in each phase using flow cytometry. (B) The percentage of cells in
sub-G1, G0/G1, S and G2/M. The results are expressed as mean ± S.D (P < 0.05).
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apoptotic Bcl-2 family members including Bcl-2 and Bcl-xl, becomes
compromised. Thus, the ratio of Bax to Bcl-2 (Fig. 7F) is a critical way
demonstrating the effect of 4c on HT-29 cells [47].

3.3. DNA binding activity of 4c

3.3.1. UV–Vis spectroscopy
Electronic spectral studies is an easy and useful method for in-

vestigating the binding strength and the mode of small molecules
binding with DNA [56]. Spectroscopic titration was carried out to study
the binding probability of 4c to ctDNA. Fig. 8A shows the absorption
spectra of 4c in the presence of adding various amounts of ctDNA. A
hyperchromism was observed in the absorption spectra of 4c in the
peak area near 234 nm with the increasing concentration of DNA.
Generally, the observed hyperchromism may result because of different
non-covalent binding via outside the DNA double helix [57]. The

absorption spectra of ctDNA in the presence of various amount of 4c is
displayed in Fig. 8B. In general, two main features of DNA spectra were
“hyperchromic” and “hypochromic” effects, which arose owing to an
alteration in its double helical structure [58,59]. Furthermore, Benesi-
Hildebrand equation was used to obtain the binding constant (K) be-
tween 4c and ctDNA [60]:

= +A
K CT DNAA A ( ) ( )

· 1
[ ]

0

0

G

H - G G

G

H - G G (1)

where K is the apparent association constant, A0 and A are the absor-
bance of the 4c and 4c -DNA complex, respectively. The ɛG and ɛH-G are
the absorption coefficients of the 4c and the 4c-DNA complex, respec-
tively. The intrinsic binding constant (K) calculated for 4c was
2.5×103 M−1 (Fig. 8C), which indicates that 4c binds to DNA through
an outside binding manner.

Fig. 6. Flow cytometry analysis of annexin-V and propidium iodide (PI) staining of apoptotic HT-29 cells treated by 4c (60 μM). (A) The cells were treated with the
indicated concentration of 4c for 24 and 48 h. The percentage of cells was calculated in each phase using flow cytometry. (B) The percentage of cells in sub-G1, G0/
G1, S and G2/M. The results are expressed as mean ± S.D (P < 0.05).
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3.3.2. Fluorescence quenching studies
Fluorescence spectroscopy is one of the commonly suitable methods

for studying agent-DNA interactions [59]. As, double helix DNA does
not have intrinsic fluorescence, the fluorescence attribute of 4c was
used here. The 4c was excited in the absence and presence of ctDNA at
280 nm and the emission spectra was monitored (Fig. 9A). The fluor-
escence intensity of 4c was gradually decreased with increasing con-
centration of ctDNA indicating the groove binding mode for the inter-
action between 4c and ctDNA [61]. Due to the interaction of 4c with
ctDNA, the quenching constant was calculated. The ratio of fluores-
cence intensity (F0/F) was plotted as a function of ctDNA concentration,
in the presence and absence of ctDNA (Fig. 9B). KSV (Stern-Volmer
quenching constant) was evaluated from the slope of the Stern-Volmer
plot (F0/F vs. [DNA]) [58] and the KSV value of 1.3×103 Lmol−1

(R2=0.9848) was calculated for 4c. It was obvious that the quenching
processes are of two types, static or dynamic. Bimolecular quenching
constant (Kq) was calculated from the following Eq. (2) [58]:

=K K /q sv 0 (2)

where τ0 is the lifetime of the fluorophore. The value of calculated Kq

(1.3×1012 M−1 S−1) in this study was higher than the value of the
maximum scatter collision quenching constant (2.0× 1010 M−1 S−1)
[62]. These data support a static quenching process. Moreover, Eq. (3)
was applied to obtain the binding stoichiometry (n) and the binding
constant (Kƒ) of 4c-ctDNA [58]:

= +log(F F)/ F log K nlog[Q]f0 (3)

where F0 and F are the fluorescence emission intensities of 4c in the
absence and presence of ctDNA [Q], respectively. A Plot of log
[(F0− F)/F] vs. log [Q] was calculated and the intercept of this plot
corresponds to log K (Fig. 9C). These results are displayed in Table 6.

The low Kƒ (binding constant) value of 4c, in contrast to intercalators
[63,64], indicates that 4c could interact with ctDNA through an outside
binding mode.

3.3.3. Viscosity measurements
Viscosity measurements is a widely used hydrodynamic technique

for studying the binding mode of DNA with small molecules [65]. The
length of double helix DNA increases following the intercalation of
planar ligands between adjacent base pairs, resulting in increment of
DNA viscosity. On the other side, groove binding and electrostatic in-
teractions, usually induce negligible change in the viscosity of DNA
solution [57,66]. Fig. 10 shows the effects of different concentration of
4c on the ctDNA viscosity. These results support the notion that 4c
interacts with ctDNA via a non-intercalative mode of binding.

4. Conclusion

In conclusion, here we reported on derivatives from the benzo-
chromene family with apoptotic activity in HT-29 cells. 4c was more
active in comparison with the other compounds. We attribute the anti-
proliferative effect of this compound to several mechanisms including
induction of apoptosis, flow cytometry method and expression of
apoptosis- related genes. On the other hand, the binding properties of
4c with double helix DNA was evaluated using spectral analysis and
viscosity measurements. All the data presented here support the 4c-
DNA interactions through a non-intercalative mode. In summary, based
on the promising findings presented here regarding the anticancer ef-
fects of 4c, benzochromene derivatives are good candidates for further
investigation of their mechanisms of action and features that make
them remarkable as cancer therapeutic agents.

Fig. 7. Expression of apoptosis-related genes upon 4c treatment. (A) RT-PCR analysis of caspse-3, (B) Bcl-2, (C) Bax, (D) caspase-9, (E) caspase-8 and (F) Bax/Bcl-2
ratio on HT-29 cells after 48 h treatment with the indicated concentration (IC50 value) of 4c.
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Fig. 8. (A) Absorption spectra: (A) 4c (1.0× 10−3 M) in the absence and presence of increasing amounts of ctDNA. [ctDNA] = (2.7–10×10−5 M). Arrow shows the
absorbance change upon increasing ctDNA concentration. (B) ctDNA (5.0× 10−5 M) in the absence or presence of increasing amounts of 4c. ([4c] = (10–40 µM))
Arrow shows the absorbance changes upon increasing 4c concentration. (C) Plot of A0/A–A0 vs 1/[ctDNA].
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Fig. 9. (A) Emission spectra of 4c (1.0× 10−3 M) in the absence or presence of increasing amounts of ctDNA. [ctDNA] = (2.5–15×10−5 M). Arrow shows the
emission intensity change upon increasing ctDNA concentration. (B) The Stern-Volmer plot of the 4c fluorescence quenched by DNA. (C) Plot of log(F0/F)/F versus
log [cT-DNA] to calculate the binding constant. The interaction of 4cwith cT-DNA was characterized using modified SternVolmer plot and the data obtained is shown
in the respective table (Table 6).
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