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Abstract
Background—Coumarin and their derivatives are important and useful compounds with diverse
pharmacological properties. In the present study, we evaluated the in vitro cytotoxic activity of
new acetoxycoumarin derivatives: 4-(7-methoxy-4-methyl-2-oxo-2H-chromen-3-yl)phenyl acetate
(1), 4-(1-methyl-3-oxo-3H-benzo[f]chromen-2-yl)phenyl acetate (2), 4-(6-propionamido-4-
methyl-2-oxo-2H-chromen-3-yl)phenyl acetate (3), 4-(7-acetoxy-2-oxo-4-phenyl-2H-chromen-3-
yl)phenyl acetate (4), 4-(2-oxo-4-phenyl-2H-chromen-3-yl)phenyl acetate (5), 4-(6-bromo-2-
oxo-4-phenyl-2H-chromen-3-yl)phenyl acetate (6), 4-(7-(diethylamino)-4-methyl-2-oxo-2H-
chromen-3-yl)phenyl acetate (7), 4-(6,8-dibromo-4-methyl-2-oxo-2H-chromen-3-yl)phenyl acetate
(8) against A549 human lung cancer, CRL 1548 rat liver cancer and CRL 1439 normal rat liver
cells.

Materials and Methods—The cytotoxic activity was evaluated by crystal violet dye-binding
assay. The effect of compounds 5 and 7 on different phases of the cell cycle was determined using
flow cytometry.

Results—In the A549 lung cancer cell line, the 50% lethal dose (LD50) values for compounds 1–
4, 6 and 8 were found to be >100 μM while those for 5 and 7 were 89.3 and 48.1 μM, respectively
after 48 h treatment. In the CRL 1548 liver cancer cell line, only compound 7 showed toxicity,
with an LD50 of 45.1 μM. Compounds 5 and 7 caused different cell phase arrest in lung and liver
cancer cell lines.

Conclusion—The results indicate that 4-(7-(diethylamino)-4-methyl-2-oxo-2H-chromen-3-
yl)phenyl acetate (7) had the highest cytotoxic activity in all of the examined cell lines.
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At present, cancer is one of the leading causes of death in the United States and in developed
countries. Many efforts have been directed toward discovering anticancer agents endowed
with cytotoxic action (1, 2). However, the non-selectivity and acute toxicity of many
antitumor agents have been the major deterrent in their usage for treating human cancer,
prompting the search for new chemopreventive and antitumor agents with improved tumor
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selectivity, efficiency and safety. One of the current methods for improving cancer therapy
is protein acetylation, which involved the use of acetoxy drugs (e.g. polyphenolic acetates;
PA) for catalyzing acetyl transferase (TAase) activity (3, 4).

Coumarin (2H-l-benzopyran-2-one) and its derivatives possess a wide range of various
biological and pharmaceutical activities. They have wide range of applications as antitumor
(5, 6), anti-HIV (7, 8), anticoagulant (9, 10), antimicrobial (11, 12), antioxidant (13, 14) and
anti-inflammatory (15, 16) agents. The antitumor activities of a variety of coumarin
compounds have been extensively examined (17–19). For example, they showed strong
antiproliferative activity and induced apoptosis in various cancer cell lines such as A549
(lung), ACHN (renal), H727 (lung), MCF-7 (breast) and HL-60 (leukemia), in addition to
prostate cancer, malignant melanoma, and metastatic renal cell carcinoma in clinical trials
(20–24). A number of structurally different novel coumarin derivatives have been reported
to display cytostatic and cytotoxic activities in both in vitro and in vivo assays (21, 25).
Studies have also shown that the pattern of substitution on the basic coumarin core structure
influences both its pharmacological and biochemical properties, including its therapeutic
applications (19, 26). Recent investigations have demonstrated that the presence of
microsomal TAase in liver catalyzed the transfer of acetyl groups from 7,8-diacetoxy-4-
methylcoumarin (DAMC) to certain receptor proteins resulting in the modulation of their
catalytic activities (27, 28). DAMC has also been reported to exhibit pro-oxidant effect in
two human tumor cell lines (MDA-MB-468, breast and U-87 MG, glioma) (13). These
studies and others strongly support the potential therapeutic applications of coumarin and its
derivatives, making them attractive for further evaluation as novel therapeutic agents for
cancer treatment.

As part of our on-going investigation for anticancer agents, we herein report the in-vitro
cytotoxic activity of new acetoxycoumarin drugs (1–8, Table I) against A549 human lung
cancer, CRL 1548 rat liver cancer and CRL 1439 normal rat liver cells. Furthermore, effect
of the active acetoxycoumarins on cell cycle progression using flow cytometry in the cancer
cell lines was also studied.

Materials and Methods
Chemicals

F12K medium, penicillin-streptomycin antibiotic solution (100X), fetal bovine serum (FBS),
Trypsin-EDTA solution (1X), phosphate buffer (PBS), 50% glutaraldehyde, crystal violet
and propidium iodide were obtained from Sigma-Aldrich Company (St. Louis, MO, USA).
Monobasic and dibasic potassium phosphate, EDTA, D-glucose, Triton X-100 and ethanol
were obtained from Thomas Scientific Company (Swedesboro, NJ, USA).

Cell line maintenance
Human A549 lung cancer, CRL 1538 rat hepatoma liver cancer and CRL 1439 normal rat
liver 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
For the evaluation of cell viability, the cells were plated at a density of 5×104 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. The cells were then treated with compounds 1–8 at different concentrations (0–100
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μM) in a final volume of 1 ml per well in triplicate wells for each treatment for 48 h at 37°C
in a 5% CO2 incubator. All studies were repeated at least thrice. The cells at a density of
0.65×106 cells per T-25 flask (Corning Costar) in complete medium were plated for cell
cycle analysis and allowed to stabilize overnight in a CO2 incubator at 37°C. The cells were
then treated with compounds (5 or 7) at different concentrations (0, 20, 40 and 60 μM) in a
final volume of 5 ml per flask in triplicate flasks for 48 h at 37°C in a 5% CO2 incubator.

Evaluation of cell viability
At the end of the incubation period, the viability was evaluated by dye uptake assay
according to our previous report (20). The lethal dose of the compound, i.e. the dose of
tested compound where 50% cell death is observed compared to the untreated control
(LD50) was calculated according to the method of Ipsen and Feigl (29).

Cell cycle analysis by flow cytometry
The effect of compounds 5 and 7 on cell cycle phases in A549 (lung) and CRL 1548 (liver)
cancer cell lines were studied using a C6 Accuri flow cytometer (Accuri Cytometers, Ann
Arbor, MI, USA) according to our previously reported method (20).

Statistical analysis
The viability and cell cycle analysis results are presented as the mean± standard deviation
(n=9). All data for treated cells are 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 3.0 (GraphPad Software, Inc., San Diego, CA, USA). Differences from the
respective untreated control were considered statistically significant when p<0.05.

Results
Cytotoxicity

The in vitro cytotoxic activity of compounds 1–8 was evaluated at different concentrations
(0, 25, 50, 75 and 100 μM) against A549 lung cancer, CRL 1548 liver cancer and CRL 1439
normal liver cells. The LD50 values for all tested compounds in the above cell lines are
shown in Table I. Compounds showing the cytotoxic activity (LD50 < 100 μM) against
A549 lung cancer cell line were considered as active compounds and tested against both
CRL 1548 cancer liver and CRL 1439 normal liver cell lines for selectivity. Compound 7
showed higher toxicity (LD50 of 48.1, 45.1 and 49.6 μM, respectively) against A549, CRL
1548 and CRL 1439 cell lines (Figure 1), while compound 5 showed lower toxicity (LD50 of
89.3 μM) against A549 cell line and no toxicity (LD50 of >100 μM, inactive) against CRL
1439 and CRL 1548 cell lines (Figure 2).

Cell cycle distribution
Results show that A549 cells were arrested in the S and G2 phases with increasing
concentration of compound 7 (Figure 3), while treatment with compound 5 at 20 μM (lower
concentration) showed cell arrest in the S and G2 phases, and at 40 and 60 μM (higher
concentrations) in the G1 phase (Figure 4). Compound 7 at 20 μM arrested CRL 1548 cells
in the S phase, at 40 μM in the S, and G2 phases and at 60 μM in the G1 phase (Figure 5),
while for compound 5, cells were arrested in the G1 phase with increasing concentration
(Figure 6).
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Discussion
The cytotoxic activity of the different acetoxycoumarin analogs (1–8) was evaluated in
A549 lung cancer, CRL 1548 liver cancer, and CRL 1439 normal liver cells by a simple and
reproducible crystal violet dye-staining assay (20). Compounds 1–8 bear a structural
resemblance to DAMC in that they possess a coumarin core pharmacophore with an acetoxy
functional group. The in vitro cytotoxicity results indicate that compound 7 was highly toxic
to all the cells studied here, indicating that the target of action may be the same, although
further studies are needed to confirm species or tissue specificity. On the other hand, the less
toxic compound 5 exhibited tissue specific toxicity by showing higher toxicity in the A549
lung cancer cells in comparison to the CRL 1548 liver cancer cells. Previous study has
shown how tissue specific toxicity by chemo preventive agents may help to identify
potential toxicity problems, which are a major problem in the development of anticancer
drugs (31). In this investigation, compounds 5 and 7 show less and non-specific toxicity in
the examined cell lines, thus indicating how the pattern of substitution on the basic coumarin
chemical structure changes cytotoxic and tumor-specific potential. Furthermore, it also
shows the groups that could be necessary for cytotoxic activity of acetoxycoumarins towards
cancer cell lines.

Both compounds (5 and 7) caused cell cycle arrest at different phases in the A549 lung and
CRL 1548 liver cancerous cell lines. For example, compound 7 showed concentration-
dependent cell cycle arrest in the CRL 1548 liver cancer cell line, while inducing cell cycle
arrest at the same phase (S/G2 phase) with increasing concentration in A549 lung cancer cell
line. This cytotoxic effect contradicts earlier findings that coumarin and derivatives inhibit
cell growth by inducing cell cycle arrest in the G1 phase in A549 lung carcinoma cell line
(32), thus indicating a different mode of cell death or target action for different coumarin
derivatives. However, compound 5 showed cell cycle arrest at the same phase (G1 phase)
with increasing concentrations in CRL 1548 liver cancer cell line, while showing
concentration-dependent cell cycle arrest in A549 lung cancer cell line which is consistent
with our earlier report involving triphenylethylene-type coumarin compounds (20).

Conclusion
The in vitro cytotoxic activity of acetoxycoumarin derivatives was studied in lung cancer,
liver cancer and normal liver cell lines. Compound 7 exhibits cytotoxic activity against
A549 lung cancer, CRL 1548 liver cancer and CRL 1439 normal liver cell lines, while
compound 5 showed cytotoxic activity only against the A549 lung cancer cell line and no
toxicity (inactive) against CRL 1439 normal liver and CRL 1548 liver cancer cell lines.
Compound 5 and 7 also showed cell cycle arrest at different phases in A549 lung and CRL
1548 liver cancer cell lines. On the basis of these results, compound 7 could be considered
as attractive leads in the future development of potential anticancer agents.
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Figure 1.
Effect of compound 7 on A549, CRL 1548 and CRL 1439 cell viability. The cells at a initial
density of 0.5×104 per well were treated with compound 7 in a final volume of 1 ml F12K
complete medium containing 10% FCS for 48 h. Data are represented as the mean and SEM
(error bars) for n=9.
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Figure 2.
Effect of compound 5 on A549, CRL 1548 and CRL 1439 cell viability. The cells at a initial
density of 0.5×104 per well were treated with compound 5 in a final volume of 1 ml F12K
complete medium containing 10% FCS for 48 h. Data are represented as the mean and SEM
(error bars) for n=9.
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Figure 3.
Effect of compound 7 on A549 lung cancer cell cycle distribution. The cells at an initial
density of 0.65×106/ml per T-25 flask in F12K complete medium containing 10% FCS were
treated with compound 7 for 48 h. Data are represented as the mean 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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Figure 4.
Effect of compound 5 on A549 lung cancer cell cycle distribution. The cells at an initial
density of 0.65×106/ml per T-25 flask in F12K complete medium containing 10% FCS were
treated with compound 5 for 48 h. Data are represented as the mean 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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Figure 5.
Effect of compound 7 on CRL 1548 liver cancer cell cycle distribution. The cells at an initial
density of 0.65×106/ml per T-25 flask in F12K complete medium containing 10% FCS were
treated with compound 7 for 48 h. Data are represented as the mean 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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Figure 6.
Effect of compound 5 on CRL 1548 liver cancer cell cycle distribution. The cells at an initial
density of 0.65×106/ml per T-25 flask in F12K complete medium containing 10% FCS were
treated with compound 5 for 48 h. Data are represented as the mean 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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Table I

Cytotoxic activity (LD50, μM) of acetoxycoumarin derivatives (1–8) at 48 h treatment

Compound

LD50 (Lethal Dose) (μM)

A549 Lung Cancer
Cell

CRL1548 Liver
Cancer Cell

CRL1439 Liver
Normal Cell

1 >100 ND ND

2 >100 ND ND

3 >100 ND ND

4 >100 ND ND

5 89.3 >100 >100

6 >100 ND ND
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Compound

LD50 (Lethal Dose) (μM)

A549 Lung Cancer
Cell

CRL1548 Liver
Cancer Cell

CRL1439 Liver
Normal Cell

7 48.1 45.1 49.1

8 >100 ND ND

1
The data represent the average of triplicate determinations at various concentrations

2
N/D means not determined
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