
Abstract. Background: Coumarins belong to an important
group of useful drugs with diverse pharmacological
properties. In the present study, the in vitro cytotoxicity of
new coumarin-based benzopyranone derivatives containing
diethylaminoethoxy (5), dimethylaminoethoxy (6), morpho-
linoethoxy (7), piperidinylethoxy (8) and pyrrolidinylethoxyl
(9) amino side chain against human carcinoma (A549) and
normal (LL47) lung cell lines was evaluated. Materials and
Methods: The cytotoxicity was evaluated by crystal violet dye
binding assay. The effect of compound 9 on different phases
of the cell cycle was determined using flow cytometry.
Results: In A549 cells, the 50% lethal dose (LD50) for
compounds 5-9 were found to be 7.08, 5.0, 34.2, 8.33 and
5.83 μM, respectively, while in LL47 cells, the LD50 values
were found to be 16.7, 20.4, 34.6, 15.4 and 8.75 μM,
respectively after 48 h treatment. Cell cycle data indicated
that A549 cells were arrested at different phases depending
on the concentration. Conclusion: Compounds 5-9 showed
anticancer activity against lung cancer cell lines, while
compound 6 showed highly selective anticancer activity.

Coumarin (2H-l-benzopyran-2-one) and many of its
derivatives exhibit useful and diverse biological activities
including antitumor and antiproliferative activities (1-6). For
example, coumarin (compound 1) and its metabolite, 7-
hydroxycoumarin (compound 2) (Figure 1) have demonstrated
antitumor activity in human cancer cell lines, such as A549
(lung), ACHN (renal), H727 (lung), MCF-7 (breast) and HL-
60 (leukemia) (7-9). They display both cytostatic and cytotoxic
activities (10, 11). The cytostatic and apoptotic actions of
compounds 1 and 2 in non-small cell lung carcinoma (NSCLC)

cell lines depend on both the histological type of lung cancer
and the coumarin concentration used (12, 13). Furthermore,
they inhibit cell growth by inducing cell cycle arrest in the G1
phase in human lung carcinoma cell lines (12, 14).

Most recently, the current authors have been interested in
benzopyranone derivatives containing basic amino side chain
(compound 3, Figure 1) as potential anticancer agents. The
basic amino side chain (tertiary aminoethoxy group),
responsible for tissue-selective activity, is one of the chemical
features of estrogen receptor (ER) ligands often referred to as
selective estrogen receptor modulators (SERMs), e.g.
tamoxifen (TAM, compound 4, Figure 1) (15-18).  Although
TAM is widely used for breast cancer treatment, it inhibits
growth and exerts dose-dependent inhibitory activities in ER-
negative lung cancer cell lines (19-20). 

Preliminary in vitro results obtained from the National
Cancer Institute Developmental Therapeutics program
revealed that compound 3, with a dimethylaminoethoxy side
chain, showed antiproliferative activity against the following
NCI-9 NSCLC cancer cell lines: A549/ATCC, EKVX, HOP-
62, NCI-H226, NCI-H23, NCI-H322M, NCI-H460 and NCI-
H522. As part of an on-going investigation, this study
evaluated the in vitro cytotoxicity activity of new coumarin-
based benzopyranone analogs containing basic amino side
chain group at the C-3 substituted position of the benzo-
pyranone core structure, compounds 5-9, against A549
(cancer) and LL47 (normal) human lung cell lines. In the
present study, the effect of compound 9 on cell cycle
progression was also studied in A549 cell line using flow
cytometry.

Materials and Methods
Chemicals. F12 K medium, penicillin-streptomycin anti-biotic
solution (100x), fetal bovine serum (FBS), Trypsin-EDTA solution
(1×), phosphate bufferred saline (PBS), 50% glutaraldehyde, crystal
violet, propidium iodide and RNase were obtained from Sigma-
Aldrich Company (St. Louis, MO, USA). The potassium phosphate,
EDTA, D-glucose, ethanol were obtained from Thomas Scientific
Company (Swedesboro, NJ, USA).
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Cell line maintenance. A549 lung (cancer) and LL47 lung (normal)
cell lines were obtained from the American Type Culture Collection
(ATCC; Rockville, MD, USA) and cultured as per the guidelines
supplied. The cells were maintained in F12K medium containing
100 units of penicillin/ml, 100 μg of streptomycin/ml, 2 mM L-
glutamine and 10% FBS in T-75 cm2 flasks at 37˚C in a 5% CO2
incubator.

Treatment of cells. The cells (LL47 or A549) were plated at a
density of 10×104 cells per well in polystyrene, flat bottom 24-well
microtiter plates (Corning Costar, Rochester, NY, USA) in F12K
medium containing 10% FBS and allowed to stabilize overnight in
a CO2 incubator at 37˚C. Following this, the cells were treated with
compounds 5-9 at different concentrations (0, 10, 25, 50, 75 and
100 μM) in a final volume of 1 ml per well in triplicate wells for
each treatment for 24 h or 48 h at 37˚C in a 5% CO2 incubator. All
studies were repeated at least twice.

Evaluation of cell viability. At the end of the incubation period, the
viability was evaluated by dye uptake assay according to Badisa et
al. (21). Glutaraldehyde (400 μl of 0.25%) was added to each well
and incubated for 30 min at room temperature to fix the cells. The
glutaraldehyde (0.07% final concentration in the well) in the crystal
violet dye staining assay procedure fixed the viable cells after the
treatment with compound. The plates were rinsed with water to
wash off the dead cells and dried under airflow inside a laminar
hood for 5-10 min. Crystal violet (400 μl of 0.1%) was added to
each well, incubated for 15 min, washed and dried. To solubilize the
dye, 1 ml of 0.05 M sodium phosphate solution (monobasic) in 50%
ethyl alcohol was added to each well and the plates were read at
540 nm in a Bio-Tek EL800 plate reader (Bio-Tek, Winooski, VT,
USA). The mean absorbance value of control was considered as
100% and the treated sample percentages were calculated by
comparing the absorbance of treated samples with the mean
absorbance of the control.

Cell cycle analysis by flow cytometry. The effect of compound 9 on
cell cycle phases in A549 lung cancer cell line was studied by using
a C6 Accuri flow cytometer (Accuri Cytometers, Ann Arbor, MI,
USA) according to Badisa et al. (22). Cells at a density of 1.3 x 106

cells per T-25 cm2 flask were plated overnight. The following day, the
cells were treated with 0, 25, 50 and 75 μM of compound in triplicate
flasks for 24 h in a 5% CO2 incubator at 37˚C. At the end of
incubation, the cells were trypsinized and centrifuged at 2,500 rpm

for 10 min at room temperature. Each pellet was re-suspended in 100
μl PBS and singlet cells were made by vortexing. The cells were fixed
in pre-cooled 95% ethanol (5 ml added in a drop-wise manner to each
tube while vortexing) and incubated at 4˚C at least for 24 h. The cells
were then harvested and re-suspended in ethanol (100 μl of 95%).
The cell suspensions were transferred into Eppendorf tubes. Staining
solution (1 ml) containing final concentrations of 1.25 mg/ml
ribonuclease A, 1 mg/ml D-glucose and 50 μg/ml propidium iodide
was added to each tube in the dark. The tubes were incubated at room

Figure 1. Structures of coumarin (compound 1), 7-hydroxycoumarin
(compound 2), coumarin-based benzopyranone derivatives containing
basic sides chain (compound 3) and tamoxifen (TAM, compound 4).

Figure 2. Effect of compound 9 on A549 viability. The cells at a initial
density of 1.0×104 per well were treated with 0, 10, 25, 50, 75 or 100 μM
of the compound in a final volume of 1 ml F12K complete medium
containing 10% FCS for 24 h or 48 h. Data are represented as the mean
(boxes) and SEM (errorbars) for n=3. *Statistically significant difference
from the control (p<0.05) using Dunnett’s multiple comparison test.

Figure 3. Effect of compound 9 on A549 cell cycle. The cells at an initial
density of 1.3×106/ml per T-25 flask in F12K complete medium
containing 10% FCS were treated with 0, 10, 25 or 50 μM of the
compound for 24 h. Cells were pelleted and stained by propidium iodide
staining solution for 1 h in the dark and analyzed by flow cytometry.
Data are represented as mean (boxes) and SEM (error bars) for n=3.
*Statistically significant difference from the control (p<0.05) using
Dunnett’s multiple comparison test.
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temperature for 1 h in the dark with occasional stirring. The
distribution of cells in each phase was analyzed within 2 h with the
C6 Accuri flow cytometer. In each sample, a total of 10,000 events
from the gated subpopulation were analyzed separately. C6 Accuri
flow cytometer software was used for the acquisition and analysis of
the data, and the percentage of cells in each phase was determined in
the gated population of singlet cells.

Selectivity index (SI). The degree of the selectivity of compounds
5-9 were calculated according to the previous reported method (23):
SI=LD50 of pure compound in the normal cell line/LD50 of the same
pure compound in cancer cell line, where LD50 is the lethal
concentration that required to kill 50% of the cells.

Statistical analysis. The viability and cell cycle analysis results were
presented as mean±standard deviation (n=3). All treated cells data
were presented as percentage values in comparison to the untreated
control (100%). The data were analyzed for significance by one-way
ANOVA, and then compared by Dunnett’s multiple comparison tests,
using GraphPad Prism Software, version 3.00 (GraphPad Software,
Inc., San Diego, CA, USA). Differences with the respective untreated
control were considered statistically significant when p<0.05.

Results
Cytotoxicity. The in vitro anticancer activity of compounds
5-9 was evaluated at different concentrations (0, 25, 50, 75
and 100 μM) against A549 human lung carcinoma cell line
after 24 and 48 h of treatment. The value, lethal dose 50
(LD50, the dose (concentration) of tested drug where a 50%

growth reduction is observed in cell growth compared to the
untreated control) after 24 h or 48 h treatment of compound
was calculated according to the Ipsen method (24) and is
given in Table I. It was observed that all synthesized com-
pounds caused significant dose-dependent cell death in
comparison to the untreated control. At 24 h treatment, com-
pounds 5 and 9 (LD50=35.6 and 38.8 μM, respectively) and
6 and 8 (LD50=46.5 and 51.05 μM, respectively) showed
comparable toxicity to a similar extent, while compound 7
(LD50=82.3 μM) showed markedly lower toxicity. At 48 h
treatment, compounds 6 and 9 (LD50=5.0 μM and 5.83 μM,
respectively) and 5 and 8 (LD50=7.08 μM and 8.33 μM,
respectively) also showed comparable toxicity to a similar
extent, while compound 7 (LD50=34.2 μM) showed
markedly lower toxicity. These results revealed that
compounds 6 and 9 show the highest cytotoxicity and the
most significant decrease in cell viability against A549 lung
cancer cell line at 48 h drug treatment.  Figure 2 shows dose-
and time-dependent cytotoxicity of potent compound 9 at 24
and 48 h treatment on A549 cells.

After 48 h treatment against LL47 human (normal) lung
cell line, compounds 5-9 showed slightly less toxicity in
comparison to the A549 cancer cell line with LD50 values of
16.7, 20.4, 34.6, 15.4 and 8.75 μM, respectively. The
selectivity index (SI) values of compounds 5-9 were: 2.36,
4.08, 1.01, 1.85 and 1.5, respectively (Table I). These
observations revealed that compound 6, containing the

Table I. In vitro cytotoxicity (lethal dose LD50, μM) of benzopyranone derivatives 5-9 containing basic amino side chain.

LD50, μM (μg/ml)

LL47 A549
Lung normal cells Lung cancer cells 

Product 48 h 24 h 48 h Selectivity Index

16.7 (37.7) 35.6 (80.3) 7.08 (15.9) 2.36

20.4 (49.1) 46.5 (111.9) 5.0 (12.0) 4.08

34.6 (75.6) 82.3 (179.9) 34.2 (74.8) 1.01

15.4 (33.8) 51.1 (112.2) 8.33 (18.3) 1.85

8.75 (19.8) 38.8 (87.9) 5.83 (13.2) 1.50



pyrodinyl ethoxy chain group, exhibited the most tumor
selective cytotoxicity based on its SI, which was the highest
among all tested compounds. 

Concentration-dependent inhibition at different phases of the A
549 cell cycle. Figure 3 shows the effect of increasing
concentrations of compound 9 on A549 cell progression through
G0/G1–, S– and G2/M– phases. It was observed that treatment
with compound 9 at 10, 25 and 50 μM concentrations for 24 h
resulted in significant cell cycle arrest (p<0.05) in G0/G1–,
G2/M– and S–phases, respectively, depending on the
concentration. There was a marked increase in accumulation of
treated cells in comparison to untreated control cells in the G0/G1
(15.25%) phase at 10 μM concentration and  in the G2/M–
(8.45%) and S– (6.7%) phases at 25 and 50 μM concentrations
respectively. The cell cycle analysis data showed that the
compound 9 exhibits a concentration dependent cell arrest

Discussion

The cytotoxicity of new benzopyranone derivatives with basic
amino side chain (compounds 5-9) against human lung normal
and cancer cell lines was evaluated by a simple and
reproducible crystal violet dye-staining assay (21). Compounds
5-9 bear a similar structural resemblance to TAM in that they
possess triphenylethylene core pharmacophore with a basic
amino side chain functional group. TAM substantially mediates
ER-independent growth-inhibitory effect in NSCLC cell line
via type II estrogen binding sites (type II EBSs) (20). Although
it may be assumed that compounds 5-9 act at the same target
sites as TAM and other related triphenylethylene compounds
in lung cancer cell lines, further studies are needed to confirm
this claim. The in vitro cytotoxicity results indicated that the
tested compounds display higher cytotoxicity against A549 cell
line at 48 h treatment. The significant difference in the LD50
value of compound 6 in normal and cancerous lung cell lines
indicates an interesting difference in its mode of action in
cancer and normal cells. The SI indicates the differential
cytotoxicity of a pure compound (the greater the index, the
more selective the anticancer drug). The differential toxicity
exhibited by compound 6 was highly significant (SI=4.08) and
may be considered as a future candidate for the development
of potent chemo- therapeutic agents. 

The elicited cytotoxic effect of compound 9 at 10 μM may
be due to the selective increase of cells in the G0/G1 phase,
which suggests apoptotic cell death (Figure 3). This result is
consistent with previous studies where it was shown that
coumarin and derivatives inhibit cell growth by inducing cell
cycle arrest in the G1 phase in lung carcinoma cell lines (13,
14). It was also evident that the cells arrest at different phases
was concentration dependent. Future work would involve the
establishment of the mechanism for cytotoxicity of compound
9 and its target site in the A549 cancer cell line. 

Conclusion
The in vitro cytotoxicity of a new group of benzopyranone
derivatives containing a basic amino side chain was studied.
It was shown that coumarin compounds possessing basic
amino side chains display higher cytotoxicity both in A549
and LL49 lung cell lines. However, the higher toxicity of
these compounds against normal lung cell lines is of the
utmost concern, since one of the important criteria in the
development of therapeutic drugs for cancer treatment is to
have few or no side-effects on normal cells of patients
undergoing chemotherapy. Future studies would involve the
testing of compound 6, which had the highest SI, in animal
models as a chemotherapeutic agent.
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