
Abstract. Background/Aim: Coumarins comprise of a very
large class of naturally occurring compounds with growing
interest in their synthesis and possible applications in the
treatment of various diseases. We herein report the in-vitro
cytotoxic activity of 3,4-Diarylcoumarins (4a-i) in A549 (lung)
and PC-3 (prostate) cancer cell lines. Materials and Methods:
The cytotoxic activity was evaluated using crystal violet dye-
binding. The most active compound effect on the cell-cycle
phases, mitochondrial membrane potential (MMP), reactive
oxygen species (ROS) production and apoptosis were also
evaluated. Results: Among the synthesized compounds that
were evaluated, 7,8-Diacetoxy-3-(4-(methylsulfonyl)phenyl)-4-
phenylcoumrin (4f) showed highest cytotoxicity
(CC50=13.5%±0.15μM) in A549 cancer cell line. The
mechanism of its cytotoxic action indicated significant cell
arrest in G1/G0, S and G2 phases of the cell cycle, loss of
mitochondrial membrane potential (MMP), increase in reactive
oxygen species (ROS) production and induction of apoptotic
cell death. The cell viability result of pretreated A549 cells with
antioxidant N-acetylcysteine (NAC), followed by compound 4f
treatment confirmed ROS-dependent cell death. Conclusion:
The presence of 3-4-methylsulfonyl and 7,8-diacetoxy groups
on 3,4-Diarylcoumarin is critical in modulating higher
cytotoxic activity and could serve as a valuable template for

the development of novel synthetic compounds as potential
anticancer agents for lung cancer treatment.

Coumarins (benzopyran-2-ones) are comprised of a wide group
of naturally-occurring heterocyclic compounds consisting of
fused benzene and α-pyrone rings (1, 2). The name “Coumarin”
comes from “Coumarou,” a vernacular name for the Tonka
Bean (Dipteryx odorata wild) that was first isolated as a natural
product in 1820 and synthesized in 1868 via the Perkin reaction
(3, 4). Currently, coumarins are classified as synthetic (SCs) and
naturally occurring coumarins (NOCs). NOCs represent
photochemical compounds found in higher plants, fungi and
microorganisms functioning as growth regulators, controllers of
respiration, bacteriostats, fungistats, as well as prophylactics
against infection (5). On the other hand, SCs are widely used
as optical brighteners (e.g. 7-Diethylamino-4-methylcoumarin),
dispersed fluorescent laser dyes, perfumes, cosmetics, food
additives, pharmaceuticals, fragrances and for imparting
pleasant odors to industrial products (6). Coumarins, whether
SCs or NOCs, have been the subject of extensive studies
because of their useful and diverse biological activities, such as
photochemotherapy, anti-coagulant, anti-cancer, anti-thrombotic,
anti-inflammatory, anti-HIV, anti-bacterial, anti-coagulant. anti-
microbial, anti-inflammatory, anti-influenza, anti-tuberculosis,
anti-asthmatic, anti-hyperlipidemic, anti-platelet, anti-
Alzheimer, anti-oxidant, anti-allergic and monoamine oxidase
(MAO) inhibitory activities (1, 7-10). 

One of the most widely reported activity of coumarins is
their anticancer effects, where they are known to target a
number of pathways (e.g., inhibition of kinases, cell cycle
phases etc.) (11-12). Coumarins exhibit diverse arrays of
pharmacological and biochemical activities because of their
structural diversity, attributed to the nature of substituent and
its pattern of substitution on the core coumarin molecule (10,
13-14). For example, arylcoumarins (e.g., 3,4-Diarylcoumarins)
have been found to possess significant anti-oxidant, anti-
inflammatory, anti-cancer, anti-HIV, anti-microbial, anti-
fertility, and monoamine oxidase activities (15-18). For the last
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few years, our group has been deeply interested in the synthesis
and biological evaluation of arylcoumarins as anti-cancer
agents. Recently, we demonstrated that arylcoumarins (1-3,
Figure 1) enhanced cytotoxic activity in various cancer cell
lines (19-21). As part of our ongoing investigation on these
molecules, we herein report the evaluation of the in vitro
cytotoxic activity of 3, 4-Diarylcoumarin (4a-i, Table I) in
A549 (lung) and PC-3 (prostate) cancer cell lines in
comparison to the current anti-cancer drug Docetaxel (DOC).
Furthermore, the cytotoxic mode of action of the most active
compound was also investigated. 

Materials and Methods
Chemicals. F12K (A549 and PC-3) media, penicillin-streptomycin
anti-biotic solution (100×), fetal bovine serum (FBS), trypsin-EDTA
solution (1×), phosphate buffered saline (PBS), 50% glutaraldehyde,
crystal violet, IGEPAL CA-630, propidium iodide, 2’,7’-
Dichlorofluorescin diacetate (DCFDA), Tetramethyl Rhodamine
Methyl Ester (Rhodamine 123), Acridine orange (AO), Ethidium
bromide (EB), Docetaxel, N-acetylcysteine (NAC) and RNase were
obtained from Sigma Aldrich (St. Louis, MO, USA).

Cell culture and cell viability assay. Human cell lines (A549 and
PC-3) were obtained from the American Type Culture Collection
(ATCC, Rockville, MD, USA) and cultured as per the guidelines
supplied using the crystal violet dye uptake assay according to our
previously reported method (19-21). Cell viability assay was
performed in F12K medium, and the cytotoxic concentration (CC50)
was determined after 48 h of treatment. Additionally, the
involvement of ROS was determined by measuring the cell viability
in pretreated A549 cells with antioxidant NAC (1 mM) for 1 h,
followed by compound 4f for 48 h.

Cell cycle analysis. Cell cycle analysis was carried out according
to our previously reported method by treating 1.3×106 A549 cells
per T-25 flask in complete medium with compound 4f (0, 15, 30
μM) for 48 h, stained with propidium iodide and analyzed using a
C6 Accuri flow cytometer (Accuri Cytometers, Ann Arbor, MI,
USA) (22).

Measurement of MMP and ROS production. MMP and ROS
measurement were carried out according to our previously reported
method by treating 2×104 cells/well in a 24-well microtiter plate in

complete medium with compound 4f (0-100 μM) in a final volume
of 1 ml per well in triplicate wells for 30 min using rhodamine-123
(MMP) or 6 h using DCFDA dye (ROS) (22).

Acridine orange / ethidium bromide (AO/EtBr) staining. AO/EtBr
fluorescent staining was carried out according to previously reported
method by Kasibhatla et al. (23) by treating 1×106 A549 cells/ml
with different concentrations (0, 5, 10, 15, 25, and 50 μM) of
compound 4f for 24 h and followed by the addition of 10 μl of
fluorescent dyes containing AO and EtBr. The cells were then
visualized immediately under a fluorescence microscope (Nikon,
Inc. Japan) with excitation at 488 nm and emission at 550 nm at
200× magnification.

Statistical analysis. Data are presented as mean±standard deviation
(SD, 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 v.
5.00 (GraphPad Software, Inc., San Diego, CA, USA). Differences
from the respective untreated control were considered statistically
significant when p<0.05. 

Results

Cytotoxic effect of compounds 4a-h in cancer cell lines. The
cytotoxic activity of 7,8-Diacetoxy-3,4-diarylcoumarins (4a-
i) and DOC (standard anticancer drugs) was evaluated by a
simple and reproducible crystal violet dye-staining assay at
different concentrations (0, 25, 50, 75 and 100 μM) in lung
(A549) and prostate (PC-3) cancer cell lines. The CC50
values are summarized in Table I and indicated that
compounds (4d-i) showed cytotoxic activity in PC-3
(CC50=30.6±0.90μM to 86.5±1.36 μM) and A549
(CC50=13.7±0.15μM to 83.5±1.82μM) cell lines with respect
to untreated control cells (100%). In summary, compound 4f
is the most active in A549 cell line, while compound 4g is
the most active in PC-3 cell line (Table I). Overall,
compound 4f is the most active compound based on its
cytotoxic activity in A549 cell line. However, comparison of
the cytotoxic activity of compound 4f with Docetaxel
revealed that the later showed approximate twofold decrease
in potency in A549 cell line (Table I). 
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Figure 1. Structures of compounds. 7,8-Dihydroxy-3-(p-nitrophenyl)coumarin (DHNPC, 1), 7,8-Diacetoxy-3-(p-nitrophenyl)coumarin (DANPC, 2),
and 7,8-Diacetoxy-3-(4-methylsulfonyl phenyl)coumarin (DAMSPC, 3).



Compound 4f affects cell cycle progression. The effect of
higher cytotoxic activity of compound 4f in A549 (10, 20
and 30 μM) cells on cell cycle progression was evaluated.
The percentage of cells in the cell cycle phases was analyzed
and compound 4f was shown significantly to induce cell
death in A549 cells by arresting cell cycle progression in a
concentration-dependent manner: G0/G1 (10.08%±0.38 at 10
μM; p<0.05), S (45.89%±1.27 at 30 μM; p<0.001) and G2/M
(92.83%±1.82 at 30 μM; p<0.001)) phases with respect to
the untreated control cells (Figure 2). 

Compound 4f decreases MMP and ROS production. The
effect of compound 4f in A549 (0, 10, 25, 50, 75 and 100
μM) cells on mitochondrial function was then evaluated.
Results indicated that the percentage of MMP decreased in
concentration-dependent manner (significant, p<0.01): 10
μM (87.1%±1.18), 25 μM (81.0%±2.16), 50 μM
(68.1%±0.98), 75 μM (62.3%±1.65) and 100 μM
(50.8%±0.97) with respect to the untreated control cells
(100%) (Figure 3A). Secondly, the intracellular ROS levels
indicated a concentration-dependent increase in fluorescence
intensity (significant, p<0.01): 50 μM (141.6%±6.45), 75 μM
(163.5%±3.89), and 100 μM (182.3%±8.33) with respect to
untreated control cells (100%) (Figure 3B). Finally, the cell
viability result of the pretreated A549 cells with NAC,
followed by compound 4f treatment indicated increase in the
cell viability (significant, p<0.01) at 10 μM (70.1%±1.02)
with respect to the compound 4f-treated cells without NAC
(Figure 3C).

Acridine orange / ethidium bromide (AO/EtBr) staining of
compound 4f. The effect of compound 4f (0, 10, 15 and 25μM)
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Figure 2. The effect of compound 4f on the cell cycle (G1/G0, S and G2)
phases in A549 cell line at concentrations of 10, 15 and 30 μM,
respectively.  Data are represented as mean and SD, n=3. #Statistically
significant difference compared to control (p<0.05) using Dunnett’s
multiple comparison test.

Table I. The CC-50 values (μΜ) for compounds (4a-i) tested in PC-3
(prostate) and A549 (lung) cancer cell lines after 48 hours of treatment.

                                                                            CC50 (μM) mean±SD

                          Compounds                               PC-3                 A549

                                                                              >100                 >100

4a

                                                                              >100                 >100

4b 

                                                                              >100                 >100

4c

                                                                        69.5±0.623        83.6±1.71

4d

                                                                         86.5±1.36         44.3±2.83

4e

                                                                        47.05±0.35        13.7±0.15

4f

                                                                         30.6±0.90         79.6±0.98

4g

                                                                         47.7±0.48         83.5±1.82

4h

                                                                         36.9±0.27         38.9±1.31

4i

Docetaxel                                                         9.44±0.44         9.40±0.07

Data represent the average of triplicate concentrations. The cytotoxic
concentration (CC50) value was determined from the graph where the
live and dead cells line graphs meet in GraphPad Prism. Drugs effects
were determined after 48 hours of exposure.



in A549 cells on apoptosis and cell viability using the AO/EB
staining was evaluated. The results indicated that compound
4f-treated cells showed morphological changes including
bright-green and orange nuclei, nucleus condensation,
fragmentation of chromatin in the nucleus with cell shrinkage
in a dose-dependent manner in comparison to the untreated
control cells (Figure 4). 

Discussion

Coumarins are important naturally-occurring compounds used
in drug discovery that have attracted considerable interest over
the years due to their diverse pharmaceutical activities. As part
of our ongoing investigation involving 3,4-Diarylcoumarins as
potential cytotoxic agents, we herein report that compound 4f
containing 7,8-diacetoxy- and 3-(p-(methylsulfonyl)- groups
showed higher cytotoxic activity in A549 cell line, while the
compound 4g containing 7,8-dihydroxy group showed higher
cytotoxic activity in PC-3 cell line with respect to the
untreated control cells (100%) (Table I). The structural activity

relationship study (SARs) indicates that the presence of 7,8-
diacetoxy (or 7,8-dihydroxy-) groups enhanced drug cytotoxic
activity in both cancer cell lines, while the absence of this
group results in no cytotoxic activity (CC50>100). This finding
agrees with previous investigations showing that the presence
of either 7,8-diacetoxy or 7,8-dihydroxy groups on the core
arylcoumarin ring enhanced drug cytotoxic activity in certain
types of cancer cell lines (19, 21-22, 24). Overall, the
cytotoxic activity is most profound with compound 4f in the
A549 cell line (Table I).

Coumarins are known to induce apoptotic cell death by
arresting cells at different phases of the cell cycle progression
(G0/G1-, S- and G2/M) (21-22, 25). Flow cytometric analysis
of cell cycle has been used to measure the apoptotic changes
in cells by staining them with propidium iodide (DNA) dyes
(26). In the present study, it was observed that compound 4f-
induced cell death in A549 cells by arresting cell cycle
progression in a concentration dependent manner (p<0.05):
it induced apoptosis at lower concentrations (G1/G0 phase)
and inhibited DNA replication at higher concentrations (S-
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Figure 3. Effect of compound 4f on (A) mitochondrial membrane potential (MMP), (B) reactive oxygen species (ROS) production, and (C) cell
viability in the presence of antioxidant NAC in A549 cells. Data are represented as mean and SD, n=3. #Statistically significant difference compared
to control (p<0.05) using Dunnett’s multiple comparison test. NAC, N-acetylcysteine; SD, standard deviation.



and G2/M phases) (Figure 2). Based on the above findings,
we evaluated whether the mitochondria play a key role in the
activation of apoptosis in compound 4f-induced cytotoxic
activity. The result showed a dose-dependent decrease in
fluorescence intensity with respect to the untreated control
cells in A549 cells, indicating that the elicited cytotoxic
activity is associated with the disruption of MMP (Figure
3A). This finding is consistent with previous studies
suggesting that 7,8-Diacetylated arylcoumarins cause loss of
MMP (19, 27). Mitochondria are an important source of ROS
production in cells and chemotherapeutic agents that raise
ROS level above a safe threshold can induce DNA damage,
cell cycle arrest and apoptosis (22). The result of intracellular
ROS level measurements in A549 cells showed a
concentration-dependent increase in ROS production with
respect to the untreated control cells (Figure 3B), thus
resulting in oxidative stress. This finding is consistent with
previous studies suggesting that 7,8-Diacetylated
arylcoumarins elevate the level of ROS production in cancer
cell lines (19, 27-29). Furthermore, viability results of the
pretreated A549 cells with NAC, followed by compound 4f
treatment did show significant changes in cell viability with
respect to the with cells treated without NAC (Figure 3C),

clearly demonstrating that compound 4f-induced cell death
is dependent on ROS production in A549 cells. Lastly, the
efficacy of anticancer drugs is measured by their ability to
detect cancer cells and selectively promote their apoptosis as
visualized by changes in morphological features and
extensive DNA fragmentation (23, 30-32). Dual AO/EB
fluorescent staining can be used to identify apoptosis-
associated changes of cell membranes during the process of
apoptosis. The results from this study showed that compound
4f-induced apoptosis/necrosis in A549 cancer cells in dose
dependent manner as evident by the observed increase in
apoptotic cells at lower concentrations (10 and 15 μM;
Figure 4B and C) and necrosis at higher concentrations (15
and 25μM; Figure 4C and D). This finding is consistent with
our previous studies suggesting that 3,4-Diarylcoumarins
induced cell death in the A549 cell line via apoptosis
mechanisms (33).

Conclusion

In conclusion, the present study demonstrated that compound
4f exhibited higher cytotoxicity in A549 cells compared to
the other synthesized analogs. Its cytotoxic mode of action
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Figure 4. AO/EtBr staining of A549 cells treated with compound 4f at 10, 15 and 25 μM concentrations. (A) White arrows next to “L” point to live
cells stained uniformly (normal green) and represent control cells without treatment with the compound. (B) White arrows next to “A” indicate
apoptotic cells and represent cells stained bright green with “dots” of condensed or fragmented chromatin. (C) White arrows next to “N” indicate
necrotic cells and represent cells stained with orange color, with cell shrinkage, because of the entry of ethidium bromide into these cells.



is associated with cell cycle arrest at different phases, loss
in MMP and ROS-dependent cell death. The present
investigation revealed that the presence of 7,8-diacetoxy and
3-p-(methylsulfonyl) groups on the 3,4-Diarylcoumarin ring
is critical in modulating higher cytotoxic activity.

Conflicts of Interest
The Authors declare that they have no financial or non-financial
competing interests. 

Authors’ Contributions
Musiliyu A. Musa: Designed and conducted the cytotoxicity studies
of 3,4-Diarylcoumarins, including the write-up and revision of the
manuscript. Qudus Kolawole: Designed and performed the assay,
analyzed the data and wrote the section on AO/EtBr staining. Both
Authors approved the final version of the manuscript.

Acknowledgements
The Authors would like to acknowledge Florida A&M University
TITLE III PROGRAM for their financial support. 

References

1 Venugopala KN, Rashmi V and Odhav B: Review on natural
coumarin lead compounds for their pharmacological activity.
Biomed Res Int 2013: 963248, 2013. PMID: 23586066. DOI:
10.1155/2013/963248

2 Kini SG, Choudhary S and Mubeen M: Synthesis, docking study
and anticancer activity of coumarin substituted derivatives of
benzothiazole. Journal of computational methods in molecular
design. J Comp Method Mol Design 2(1): 51-60, 2012.

3 Mishra S, Pandey A and Manvati S: Coumarin: An emerging
antiviral agent. Heliyon 6(1): e03217, 2020. PMID: 32042967.
DOI: 10.1016/j.heliyon.2020.e03217

4 Revankar HM, Bukhari SN, Kumar GB and Qin HL: Coumarins
scaffolds as COX inhibitors. Bioorg Chem 71: 146-159, 2017.
PMID: 28222891. DOI: 10.1016/j.bioorg.2017.02.001

5 Lacy A and O’Kennedy R: Studies on coumarins and coumarin-
related compounds to determine their therapeutic role in the
treatment of cancer. Curr Pharm Des 10(30): 3797-3811, 2004.
PMID: 15579072. DOI: 10.2174/1381612043382693

6 Keri RS, Sasidhar BS, Nagaraja BM and Santos MA: Recent
progress in the drug development of coumarin derivatives as
potent antituberculosis agents. Eur J Med Chem 100: 257-269,
2015. PMID: 26112067. DOI: 10.1016/j.ejmech.2015.06.017

7 Gouda MA, Abu-Hashem AA, Salem MA, Helal MH, Al-
Ghorbani M and Hamama WS: Recent progress on coumarin
scaffold-based anti-microbial agents (PartIII). Journal of
Heterocyclic Chemistry 57(11): 3784-3817, 2022. DOI: 10.1002/
jhet.4100

8 Sandhu S, Bansal Y, Silakari O and Bansal G: Coumarin hybrids
as novel therapeutic agents. Bioorg Med Chem 22(15): 3806-
3814, 2014. PMID: 24934993. DOI: 10.1016/j.bmc.2014.05.032

9 Stefanachi A, Leonetti F, Pisani L, Catto M and Carotti A:
Coumarin: a natural, privileged and versatile scaffold for

bioactive compounds. Molecules 23(2): 250, 2018. PMID:
29382051. DOI: 10.3390/molecules23020250

10 Emami S and Dadashpour S: Current developments of coumarin-
based anti-cancer agents in medicinal chemistry. Eur J Med
Chem 102: 611-630, 2015. PMID: 26318068. DOI: 10.1016/
j.ejmech.2015.08.033

11 Thakur A, Singla R and Jaitak V: Coumarins as anticancer
agents: a review on synthetic strategies, mechanism of action
and SAR studies. Eur J Med Chem 101: 476-495, 2015. PMID:
26188907. DOI: 10.1016/j.ejmech.2015.07.010

12 Wu Y, Xu J, Liu Y, Zeng Y and Wu G: A review on anti-tumor
mechanisms of coumarins. Front Oncol 10: 592853, 2020.
PMID: 33344242. DOI: 10.3389/fonc.2020.592853

13 Kostova I, Raleva S, Genova P and Argirova R: Structure-
Activity Relationships of Synthetic Coumarins as HIV-1
Inhibitors. Bioinorg Chem Appl: 68274, 2006. PMID: 17497014.
DOI: 10.1155/BCA/2006/68274

14 Carotti A, Carrieri A, Chimichi S, Boccalini M, Cosimelli B,
Gnerre C, Carotti A, Carrupt PA and Testa B: Natural and
synthetic geiparvarins are strong and selective MAO-B
inhibitors. Synthesis and SAR studies. Bioorg Med Chem Lett
12(24): 3551-3555, 2002. PMID: 12443774. DOI: 10.1016/
s0960-894x(02)00798-9

15 Chen H, Li S, Yao Y, Zhou L, Zhao J, Gu Y, Wang K and Li X:
Design, synthesis, and anti-tumor activities of novel
triphenylethylene-coumarin hybrids, and their interactions with
Ct-DNA. Bioorg Med Chem Lett 23(17): 4785-4789, 2013.
PMID: 23902804. DOI: 10.1016/j.bmcl.2013.07.009

16 Daniel L and Upjohn Co: Tertiary-aminoalkoxy-substituted 3, 4-
diphenylcoumarins. United States patent US 3,275,658, 1966.
Available at: https://patents.google.com/patent/US3275658 [Last
accessed on November 16, 2022]

17 Zhang Q, Miao YH, Liu T, Yun YL, Sun XY, Yang T and Sun J:
Natural source, bioactivity and synthesis of 3-Arylcoumarin
derivatives. J Enzyme Inhib Med Chem 37(1): 1023-1042, 2022.
PMID: 35438580. DOI: 10.1080/14756366.2022.2058499

18 Yang J, Zhang P, Hu Y, Liu T, Sun J and Wang X: Synthesis and
biological evaluation of 3-arylcoumarins as potential anti-
Alzheimer’s disease agents. J Enzyme Inhib Med Chem 34(1):
651-656, 2019. PMID: 30746966. DOI: 10.1080/14756366.
2019.1574297

19 Musa MA, Latinwo LM, Virgile C, Badisa VL and Gbadebo AJ:
Synthesis and in vitro evaluation of 3-(4-nitrophenyl)coumarin
derivatives in tumor cell lines. Bioorg Chem 58: 96-103, 2015.
PMID: 25553414. DOI: 10.1016/j.bioorg.2014.11.009

20 Musa MA, Latinwo LM, Joseph MY and Badisa VL:
Identification of 7,8-Diacetoxy-3-arylcoumarin derivative as a
selective cytotoxic and apoptosis-inducing agent in a human
prostate cancer cell line. Anticancer Res 37(11): 6005-6014,
2017. PMID: 29061779. DOI: 10.21873/anticanres.12047

21 Musa MA, Badisa VLD, Latinwo LM and Ntantie E: 7,8-
Dihydroxy-3-arylcoumarin induces cell death through S-phase
arrest in MDA-MB-231 breast cancer cells. Anticancer Res
38(11): 6091-6098, 2018. PMID: 30396923. DOI: 10.21873/
anticanres.12959

22 Musa MA, Gbadebo AJ, Latinwo LM and Badisa VL: 7,8-
Dihydroxy-3-(4-nitrophenyl)coumarin induces cell death via
reactive oxygen species-independent S-phase cell arrest. J
Biochem Mol Toxicol 32(12): e22203, 2018. PMID: 30368977.
DOI: 10.1002/jbt.22203

ANTICANCER RESEARCH 43: 1001-1007 (2023)

1006



23 Kasibhatla S, Amarante-Mendes GP, Finucane D, Brunner T,
Bossy-Wetzel E and Green DR: Acridine orange/ethidium
bromide (AO/EB) staining to detect apoptosis. CSH Protoc
2006(3): pdb.prot4493, 2006. PMID: 22485874. DOI: 10.1101/
pdb.prot4493

24 Raj HG, Parmar VS, Jain SC, Goel S, Poonam, Himanshu,
Malhotra S, Singh A, Olsen CE and Wengel J: Mechanism of
biochemical action of substituted 4-methylbenzopyran-2-ones.
Part I: Dioxygenated 4-methyl coumarins as superb antioxidant
and radical scavenging agents. Bioorg Med Chem 6(6): 833-
839, 1998. PMID: 9681149. DOI: 10.1016/s0968-0896(98)
00043-1

25 Sa G and Das T: Anti cancer effects of curcumin: cycle of life
and death. Cell Div 3: 14, 2008. PMID: 18834508. DOI:
10.1186/1747-1028-3-14

26 Telford WG, King LE and Fraker PJ: Rapid quantitation of
apoptosis in pure and heterogeneous cell populations using flow
cytometry. J Immunol Methods 172(1): 1-16, 1994. PMID:
8207258. DOI: 10.1016/0022-1759(94)90373-5

27 Musa MA, Joseph MY, Latinwo LM, Badisa V and Cooperwood
JS: In vitro evaluation of 3-arylcoumarin derivatives in A549 cell
line. Anticancer Res 35(2): 653-659, 2015. PMID: 25667442.

28 Goel A, Prasad AK, Parmar VS, Ghosh B and Saini N:
Apoptogenic effect of 7,8-diacetoxy-4-methylcoumarin and 7,8-
diacetoxy-4-methylthiocoumarin in human lung adenocarcinoma
cell line: role of NF-kappaB, Akt, ROS and MAP kinase
pathway. Chem Biol Interact 179(2-3): 363-374, 2009. PMID:
19061872. DOI: 10.1016/j.cbi.2008.10.060

29 Goel A, Prasad AK, Parmar VS, Ghosh B and Saini N: 7,8-
Dihydroxy-4-methylcoumarin induces apoptosis of human lung
adenocarcinoma cells by ROS-independent mitochondrial
pathway through partial inhibition of ERK/MAPK signaling.
FEBS Lett 581(13): 2447-2454, 2007. PMID: 17485089. DOI:
10.1016/j.febslet.2007.04.052

30 García-Rodríguez Mdel C, Carvente-Juárez MM and
Altamirano-Lozano MA: Antigenotoxic and apoptotic activity of
green tea polyphenol extracts on hexavalent chromium-induced
DNA damage in peripheral blood of CD-1 mice: analysis with
differential acridine orange/ethidium bromide staining. Oxid
Med Cell Longev 2013: 486419, 2013. PMID: 24363823. DOI:
10.1155/2013/486419

31 Ribble D, Goldstein NB, Norris DA and Shellman YG: A simple
technique for quantifying apoptosis in 96-well plates. BMC
Biotechnol 5: 12, 2005. PMID: 15885144. DOI: 10.1186/1472-
6750-5-12

32 Byczkowska A, Kunikowska A and Kaźmierczak A:
Determination of ACC-induced cell-programmed death in roots
of Vicia faba ssp. minor seedlings by acridine orange and
ethidium bromide staining. Protoplasma 250(1): 121-128, 2013.
PMID: 22350735. DOI: 10.1007/s00709-012-0383-9

33 Musa MA, Badisa VL, Latinwo LM, Patterson TA and Owens
MA: Coumarin-based benzopyranone derivatives induced
apoptosis in human lung (A549) cancer cells. Anticancer Res
32(10): 4271-4276, 2012. PMID: 23060547.

Received October 12, 2022
Revised November 14, 2022

Accepted November 21, 2022

Musa and Kolawole: 7,8-Diacetoxy-3,4-diarylcoumarin Induces Cytotoxicity in the A549 Cell Line

1007




