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A B S T R A C T

Background: Chemotherapy remains to be the method of choice used by clinicians to treat acute myeloid leukemia
(AML) patients. However, the most common problem usually faced in the course of treatment is multidrug
resistance (MDR). Nowadays, combination therapy involving natural products as adjuvant therapy to chemo-
therapy and radiotherapy has been used for many of health problems. Coumarin is a natural compound with
known chemotherapeutic activity, as well as other pharmacological properties. We focused on the combination of
coumarin and doxorubicin in overcoming of drug-resistance in acute myeloid leukemia.
Methods: Cell viability, Apoptotic and necrotic cell death with FACS, oxidative stress detection, and protein
expression analysis were used in this study.
Results: Coumarin as a single drug exerts a significant cell death on Human acute myeloid leukemia (HL60);
however, it does not show the same effect on drug-resistant acute myeloid leukemia (HL60/ADR). Comparing the
effects of doxorubicin and coumarin as single drugs versus a combination of coumarin and doxorubicin showed a
significant apoptotic cell death.
Conclusion: In AML patients, the development of multiple drug resistance (MDR) is the biggest challenge in
treating AML patients. Combination therapy with coumarin may be a good choice to overcome the drug resistance
in AML patients.
1. Introduction

Cancer is a major cause of death worldwide, according to World
Health Organization (WHO) reports. More than 13 million cancer pa-
tients will die by 2030 [1,2]. It was reported that 20% of the people
would suffer from some form of cancer before being 75 years old [3].
Despite the number of clinical trials carried out and advances made in
diagnosis and treatment, some cancer patients do not respond normally
to the established cancer treatments. However, chemotherapy remains to
be the method of choices in treating cancer patients. Drug resistance is
considered the main obstacle for many of the anticancer agents, which
subsequently requires the administration of higher doses of the chemo-
therapeutic agents to overcome drug resistance [4, 5]. Acute myeloid
leukemia (AML) or acute non-lymphocytic leukemia is a complicated
disease associated with abnormal differentiation and high cellular pro-
liferative rate of hematopoietic stem cells [6]. Clinical drug resistance is
generally recognized as being conferred by one of the following aspects:
cellular drug resistance, leukemia regrowth, and drug pharmacokinetics
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[7, 8, 9, 10]. Previously published results treated certain cell lines with
drugs that possess cytotoxic effect. These agents include actinomycin,
colchicine, and Adriamycin. However, cell lines tested developed resis-
tance to those agents [11, 12]. The mechanism by which cancerous cells
develop multidrug resistance is because of less presence of the drug
intracellularly after prolonged adminstration, which subsequently allows
the cells to develop a better efflux system for these molecules [13].
ATP-binding cassette (ABC) transporters such as P-glycoprotein (P-gp)
and MRP1 mediate the active drug efflux system [14, 15].

Natural medicine is one of the most commonly used complementary
and alternative therapies by cancer patients [16, 17]. Coumarin (1,
2-benzopyrone) is a natural drug found in many resources as a higher
plant, like Umbelliferae and Rutaceae, some essential oils like cassia leaf
oil, cinnamon bark oil, and lavender oil are also rich in microorganisms
as well, like novobiocin and coumermycin from Streptomyces and afla-
toxins from Aspergillus species but also synthetic drug [18, 19].
Coumarin has a wide spectrum of biological effects as anti-inflammatory,
antioxidant, antinociceptive, anti–cancer, antiasthmatic, antidepressant,
ary 2021
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:nsabbas@uqu.edu.sa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e06255&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e06255
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e06255


N.S. Al-Abbas, N.A. Shaer Heliyon 7 (2021) e06255
antituberculosis, anti- Alzheimer, and antihyperlipidemic [20, 21, 22, 23,
24, 25]. The anticancer activities of coumarins are well established;
coumarin acts as a kinase inhibitor, suppresses cancer cell proliferation
via cell cycle arrest, and exerts an antimitotic activity and affecting the
P-gp of the cancer cell. It also inhibits angiogenesis, heat shock protein 90
(Hsp90), telomerase, carbonic anhydrase, monocarboxylate transporters,
aromatase, and sulfatase [26, 27, 28].

2. Material and methods

2.1. Cell lines

Both cell lines used (Acute humanmyeloid leukemia (AML) HL60 and
HL60/ADR) were purchased from ATCC (American Tissue Culture
Collection). The two cell lines were cultured in RPMI cell culture medium
Figure 1. Western bloting of Cas-3, P53, PARP and Actin in HL60/ADR after co-treatm
and (B-E) a quantification of western blot data using Image J softrware.
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and supplemented with 10% inactivated fetal bovine serum (FBS) and
1% penicillin/streptomycin antibiotic solution. Incubation conditions
were fixed at 37 �C and 5% CO2 in humid conditions for the following
experiments. In all experiments, the control plates were given the com-
plete growth culture media only and subsequently under normal culture
conditions, cells are able to divide and increase in number.
2.2. Cell viability assay

To study the cell viability of HL60 and HL60/ADR cells in coumarin
and doxorubicin treatment, both HL60 and HL60/ADR cells were
cultured in RPMI provided with 10% FBS and 1% penicillin/strepto-
mycin. The initial cell number (4 � 105 cell/mL) and treated with (100,
250, 500, and 1000 μg/mL coumarin) with or without 100 ng/mL
doxorubicin and incubated for 24 h, positive and negative controls (100
ent of 0.1 μg/ml of doxirubcin with (100, 250, 500, and 1000 μg/ml) coumarin)



Figure 2. (A) cytotoxic effect of coumarin and doxrubcin treatment on HL60 cells using trypane blue exclusion dye. Apoptotic and necrotic cell death were assessed in
HL60 using Annexin V and PI staining and analyzed using flow cytometer in ( B) negative control, (C) treated with 0.1 μg/ml of doxirubcin as a positive control, and (D
-G) treated with (100, 250, 500, and 1000 μg/ml) coumarin.
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ng/mL doxorubicin and normal growth media), respectively were
involved. Viable cells were detected by trypan blue dye exclusion
method.
2.3. Apoptosis and necrosis using FACS analysis

The apoptotic and necrotic cell death by coumarin and doxorubicin
were measured using Annexin V and 7AAD. Briefly, each cell line (HL60
or HL60/ADR) was cultured in 10 cell culture dishes with an initial
seeding count of 4 � 105 cell/mL in RPMI growth media. Cells were
treated with (100, 250, 500 and 1000 μg/mL coumarin) with or without
100 ng/mL doxrubcin and incubated for 24 h, positive and negative
control (100 ng/mL doxorubicin and normal growth media) were
involved. Then, the cells washed once with PBS, suspended in 100 μL 1X
Annexin V binding buffer, add 5μL FITC Annexin V. Cells were allowed to
react at room temperature for 15 min. After the allowed time, 5 μL of
7AAD were added to each tube. Finally, 400 μL of 1X Annexin V binding
buffer were added to each tube and analyzed by flow cytometer.
2.4. ROS detection

HL60/ADR cells were cultured in RPMI growth medium contain-
ing (100, 250, 500, and 1000 μg/mL coumarin) with or without 100
ng/mL doxorubicin and incubated for 24 h. Positive and negative
controls (100 ng/mL doxorubicin and normal growth media) were
involved and ROS inducer (pyocyanin) as a positive control was
involved at a concentration of 500 μM for 30 min. After treatment,
3

cells were centrifuged and suspended in 200 μL of ROS detection Mix
(ROS-ID® Hypoxia/Oxidative Stress Detection Kit, ENZ-51042-K500)
for 30 min at normal cell culture conditions. After washing twice
with PBS, cells were attached to the glass slides using the cytospin,
and Images were obtained with confocal microscopy using 490/525
nm filter and μM scale bar.
2.5. Western blot analysis

The effect of combining coumarin and doxorubicin on the apoptotic
cell death was investigated in HL60/ADR cells using Western blot
analysis (Figure 1 A). The cells were treated with (100, 250, 500, and
1000 μg/mL) concentrations of coumarin combined with doxorubicin at
100 ng/mL for 24 h. After treatment, cells were harvested in a proper
amount of RIPA buffer, collected in Eppendorf tubes, and left for 10 min
on ice with regular vortexing. Then the tubes were centrifuged at 12000
rpm for 20 min at 4 �C. The supernatants were transferred to another
Eppendorf and kept at -80 �C to be used for protein electrophoresis
using 30 μg protein from each sample. Protein samples were loaded in
SDS-PAGE and the proteins were transferred to nitrocellulose mem-
branes. Membranes were processed for blocking and incubated over-
night in 4 �C with anti Bcl-2, p53, Caspase-3, PARP, and actin (cell
signal 1:1000) primary antibody and then incubated with the proper
secondary antibody for 1 h at 25 �C. Finally, the proteins were visual-
ized by enhanced chemiluminescence luminal (ECL) solution. The
membranes were then scanned on C-Digits scanner using Image Studio
Digits version 3.1.



Figure 3. Cell viability was assessed in HL60/ADR cells using trypane blue exclusion dye; (A) treated with different coumarin concentrations and (B) co-treated with
100 ng/ml doxrubcin with different coumarin concentrations.
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2.6. Statistical analysis

The quantitative data were expressed as averages �SD. Data were
then plotted on graphs and analyzed statistically. Statistical differences
were investigated using One-way analysis of variance (ANOVA) followed
by Student's t-test.

3. Results

3.1. Coumarin induces HL60 cell death

Cell viability was investigated in HL60 under different concen-
trations of coumarin (0, 100, 250, 500, and 1000 μg/mL), using
trypan blue assay after 24 h. Quantitatively, it was shown that HL60
cells exert significant cell death with (250, 500, and 1000 μg/mL)
with P < 0.05, 0.01, and 0.001, respectively; comparing with 100
ng/mL (P < 0.01) as a positive control as shown in Figure 2A.
Analyzing cell viability, FACS results confirm HL60 cell death under
the same experimental conditions using Annexin V and 7AAD as in
Figure 2 B–G.
4

3.2. The combination of coumarin and doxorubicin show marked cell
death in drug-resistant acute myeloid leukemia

Cell death was investigated in HL60/ADR cells under different con-
centrations of coumarin (0, 100, 250, 500, and 1000 μg/mL) with or
without doxorubicin (100 ng/mL) using trypan blue exclusion method
after 24 h of treatment. Quantitatively, coumarin as a single drug show
significant reduction in cell viability at 1000 μg/mL (P < 0.05) as shown
in Figure 3A, while it was shown that HL60/ADR cells exert significant
cell death with (250, 500, and 1000 μg/mL) with P < 0.05, 0.01, and
0.001, respectively, comparing with 100 ng/mL (P < 0.01) as a positive
control as shown in Figure 3B.

3.3. Apoptotic cell death in drug-resistant acute myeloid leukemia was
observed with a combination of coumarin and doxorubicin

Consistent with cell viability results, flow cytometry analysis with
Annexin V and 7AAD of HL60/ADR treated with coumarin (0, 100, 250,
500, and 1000 μg/mL) with or without doxorubicin (100 ng/mL) reveal
that coumarin as a single drug show high apoptotic cell only at 1000 μg/



Figure 4. Apoptotic and necrotic cell death were assessed in HL60/ADR cells using Annexin V and PI staining and analyzed using flow cytometer in ( B) (negative
control), (C-F) HL60/ADR cells treated with (100, 250, 500, and 1000 μg/ml) coumarin , and (G-J) combination of 0.1 μg/ml of doxirubcin with (100, 250, 500, and
1000 μg/ml) coumarin and (K) quantification of Flowcytometry results.
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Figure 5. Confocal imaging of ROS in HL60/ADR after treatment with; (A) negative control, (B) 0.1 μg/ml of doxirubcin, (C) 500 μM Pyocyanin, (D-G) treated with
(100, 250, 500, and 1000 μg/ml) coumarin, and (H-K) combination of 0.1 μg/ml of doxirubcin with (100, 250, 500, and 1000 μg/ml) coumarin and (L) quantification
of the intensity of fluorescence using imge J software.
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mL (P < 0.001), while a similar trend of markedly apoptotic cell death
with (100, 250, 500, and 1000 μg/mL) comparing with 100 ng/mL as a
positive control and RPMI normal growth media as shown in
Figure 4(A–J).

3.4. ROS generation considerably increased with the combination of
doxorubicin (100 ng/ML) with the increasing concentration of coumarin

Increasing the level of oxidative stress was markedly observed with
the combination of coumarin and doxorubicin through an increase of the
ROS signal. The ROS signal was dramatically increased with coumarin
concentration (100, 250, 500, 1000 μg/mL) with doxorubicin (100 ng/
mL) versus treatment of coumarin alone. The ROS signal of the combi-
nation treatment was also high comparing with the positive ROS inducer
(500 μM pyocyanin) as shown in Figure 5 (A–K).

3.5. Coumarin and doxorubicin repressed Bcl-2 and increased p53,
cleaved casp-3, and PARP protein expressions

Western blot observations demonstrated that there is a significant
decrease in the expression of apoptotic inhibitor protein Bcl-2 with the
combination of coumarin (500 and 1000 μg/mL) with 100 ng/mL
doxorubicin. On the contrary, the combinations of coumarin (100, 250,
500 and 1000 μg/mL) with 100 ng/mL doxorubicin produced a signifi-
cant increment of apoptotic-induced protein p53. Cleaved caspase-3 and
cleaved PARP were markedly observed with the combination of
coumarin (250, 500 and 1000 μg/mL) with 100 ng/mL doxorubicin.

4. Discussion

Acute myeloid leukemia (AML) as a clonal disorder is characterized
by the increase of an immature, abnormally differentiated myeloid cell
population in the bone marrow and peripheral blood. AML is the most
common acute leukemia in adults aged above 45 years [29]. About
one-third of the AML patients do not attain a complete remission with
conventional chemotherapy treatment developed drug-resistant AML,
which is considered a highly heterogeneous disease showing aggressive
behavior toward all of the normal strategies of treatment therapy [29,
30]. Natural compounds and their derivatives as enhancer drugs play an
important role in cancer treatment. Natural compounds and/or their
derivatives mainly contribute with 60% of therapeutic drugs composi-
tions used in cancer treatment [31]. In addition to the high cytotoxic
effect of the chemotherapeutic agents towards the normal rapidly
proliferating cells, drug resistance is the main obstacle in blood cancer
treatment. In order to mitigate the side effects and drug resistance,
modified therapeutic regimens such as combination therapy have been
introduced [32, 33, 34]. Therefore, our research focused on the combi-
nation of coumarin as adjuvant natural therapy with doxorubicin to study
the enhancement role of coumarin in overcoming doxorubicin resistance
in AML patients. Coumarin and its derivatives have been reported by
many studies to show cell cycle arrest, inhibit cell proliferation, and
induce apoptotic cell death in chronic myeloid leukemia and histiocytic
lymphoma [35, 36]. Inconsistent with the previous studies, our cell
viability results show the high cytotoxic effect of coumarin on HL60 cells
at (250, 500, 1000 μg/mL) with P < 0.05, 0.01, 0.001, respectively; in
comparing with doxorubicin (100 ng/mL), with P< 0.01. In parallel with
cytotoxicity results, FACS analysis with Annexin V and 7AAD show that
coumarin at 500, 1000 μg/mL exert marked apoptotic cell death.

Drug resistance is one of the main problems in AML treatment. In the
AML patients, the occurrence of resistance to chemotherapeutic agents is
called multidrug resistance (MDR). The HL60/ADR is known to be
resistant to many chemotherapeutic agents used solely. Many research
articles have used combination of chemotherapeutic agents to gain the
benefit of synergistic effects of both agents used together [37, 38]. In a
previous research [37], high doses of Adriamycin were used in combi-
nation to overcome the multiple drug resistance in HL60 cells. MDR is
7

caused by multidrug resistance protein1 (MDR1) gene product, known as
P-glycoprotein (P-gp) which is an important ATP-dependent efflux pump
of the cell membrane that pumps many drugs out of cells [39]. Treatment
failure in AML patients and the generation of cellular resistance to a wide
variety of anti-AML drugs is due to overexpression of P-gp [40]. DOX is
one of the most potent intracellular ROS inducer anti-cancer drugs and
causes acute cardiac arrhythmias and chronic cumulative cardiomyopa-
thy as a side effect [41, 42, 43, 44]. Inconsistent to cell death results,
intracellular oxidative stress increased by ROS generation, which
increased with the combination of doxorubicin and coumarin and it was
interestingly observed that the ROS induction was increased by an in-
crease of coumarin concentration, while single treatment of coumarin
exhibits no significant change in ROS generation compared with positive
and negative controls. ROS are mediators of cell death and
caspase-dependent apoptosis inducers [45]. Both DOX and coumarin
have no significant cell death effect on adriamycin-resistant human acute
myeloid leukemia (HL60/ADR) compared with HL60 cells as shown in
cell viability and apoptotic cell death with flow cytometry results.
Inconsistent with cell viability results, doxorubicin combination with
coumarin showed an observed cell death in HL60/ADR cells and the rate
of cell death markedly increased with the increase of coumarin concen-
tration, whichmight be explained by the role of coumarin in inhibition of
extracellular efflux of DOX.

Many studies reported the important role of p53 tumor suppressor
protein as apoptotic cell death regulator [46, 47]. It was showed that
DOX induces p53 activation and apoptosis [48]. In addition to cell
viability, ROS and flow cytometry results, our Western blot results show
that combination of DOX with different doses of coumarin has a positive
effect on p53 protein expression in HL60/ADR. It was demonstrated that
DOX has a negative effect on the anti-apoptotic Bcl-2 protein expression
and affected oxidative stress by increasing hydrogen peroxide production
in breast cancer cells [49]. Inconsistent with the published data, our
results show a negative effect of combination between DOX and
coumarin on Bcl-2 protein expression. The caspase-3-like activity is
increased through a protease cascade during apoptosis in the early stages
[50]. It has been reported that DOX induces apoptosis through activation
of caspase-3 [51]. In accordance with the previous results, the combi-
nation of DOX and coumarin induce apoptosis through the activation of
caspase-3 and PARP proteins.

5. Conclusion

In summary, in this study, we demonstrate that single treatment with
DOX or coumarin has a marked cytotoxic effect on human acute myeloid
leukemia, but has no effect on drug-resistant acute myeloid leukemia.
However, the combination of coumarin and doxorubicin shows a sig-
nificant apoptotic cell death in drug-resistant acute myeloid leukemia.
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