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Abstract Hoveizi ponens

. In recent years, researchers have considered the anticancer activity
coumarins, due to their powerful biological activity and poor toxicity that can
neutralize the side effects induced by radiotherapy. The aim of this study was to
investigate the cytotoxic effects of coumarin on HT-29 and A549 cancer cells.

> In this experimental study, the stoke of coumarin was
prepared and then for 1,3, and 5 days at concentrations of—5, 10, 15, 20, and 25 pM
the cells were treated and evaluated on viability days and morphology of the cells
indefinite days. The IC50 concentration of coumarin was calculated using MTT
assay in two cell lines. Also, the expression of the involved genes in apoptosis such
as Bax, Bad, and Bcl-2 was evaluated by the gRT_PCR method. Data were analyzed
by a one-way ANOVA test.
: The results showed that coumarin reduced the viability and proliferation of
HT-29 and special A549 cells by dose and time significantly (P<0.001), as well as
the viability rate of cells in treated cells on the fifth day, significantly decreased
compared to the control group (P <0.05). Morphological changes such as reduced
chromatin density, cell turnover were also noticeably observed in the cells. Also,
molecular results showed that coumarin could significantly increase the expression
of Bax, Bad genes and decrease the expression of Bcl-2 gene expression. That these
genetic changes in A549 cells were significantly greater than HT-29.
: Coumarin is capable of anti-proliferative activity and induces apoptosis
effectively against colon and lung cancer cells.
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Introduction

One of the most common cancers is colorectal
cancer. Among the factors contributing to the
incidence of colorectal cancer are genetic and
environmental factors such as inappropriate diets,
obesity, smoking, and alcohol abuse. Among the
general processes for the effective treatment of
cancers are inhibition of DNA synthesis, control of
free radical production, regulation of cell cycle, as
well as induction of apoptosis, cell death and
autophagy. Apoptosis is a regulated process of cell
death that occurs in response to various stressors
such as physiological, pathological or cytotoxic
stimuli in the body. As a result, active stimulation
and induction of this process is particularly an
interesting strategy for the treatment of many
cancers.

Previous studies have shown that coumarin
compounds can play an effective role in inducing
cell death. Coumarin as a natural cyclic compound,
which belongs to the family of benzopyrones and
consists of benzene and pyrone rings, is used in a
variety of therapeutic applications, including anti-
plasmodial treatment of malaria, anti-thrombotic,
anti-cancer and antibacterial activities and also
used as a potent antioxidan.

Previous studies led us to investigate the Effects
of Coumarin on Apoptotic Genes Expression in
Lung and Colorectal Cancer Cells.

Methodology

Cell culture

HT-29 and A549 cells were purchased from
Pasteur Institute of Tehran cell bank then cultured
in Dulbecco's modified Eagle's medium (DMEM,
Gibco, USA), containing 10% FBS (Fetal bovine
serum, Gibco, USA) and incubated at 5% CO?2,
95% humidity and 37°C. When cell density in the
flask reached 80%, cell passage was performed
using trypsin / EDTA (0.25%, Gibco, USA).

Cell viability assay

Cell viability, as well as IC50, were determined
by MTT  (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. The yellow
salt is water-soluble tetrazolium, which is reduced
by succinate dehydrogenase of living and active
cell mitochondria to a color compound of insoluble
formazan, which is dissolved in an organic solvent
such as DMSO and the color intensity is
proportional to 570 nm. This method is a fast,
cheap, and suitable method for many samples.
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Briefly, a number of 1 x 104 cells/wells were
cultured on a 96-well plate containing normal
medium and incubated for 24 h. The cells were
treated with 5, 10, 15, 20, and 25 pM of coumarin
and cell viability was assessed at day 1, 3 and 5.

Microscopy and photography

The cells were stained with Giemsa stain. The
morphological evaluation of the cells, compared to
control (untreated) and 1C50-treated groups of
coumarin after 24-48 h of using a digital camera
which was attached to invert microscope
(Olympus, Japan), was done with objective lens 20
and microscopic images of each cell in control and
treatment groups were compared.

RNA extraction and qRT-PCR

The most basic step in obtaining reliable RT-
PCR reaction data is to extract RNA of appropriate
quality and quantity. The purity of the RNA
extracted from the cell is very important for
making the synthesized cDNA. The single-
stranded structure of RNA compared to DNA, as
well as the reduction of RNase stability to DNase,
results in the use of all devices, including sterile
gloves, masks, and autoclaved microtubes, etc., at
all stages of extraction. In this study, Ht-29 and
Ab49 cells were cultured in a 6-cell plate (200,000
cells per well) and incubated and 24 hours after cell
treatment, the cells were used to extract RNA.

For RNA isolation, Trizol-lysed cell extract was
centrifuged twice in chloroform for 15 min at
12,000 rpm at 4°C and washed with isopropanol.
Finally, the solution was dissolved in 75% ethanol
and centrifuged at 7500 rpm for 8 minutes, then
dried and the resulting RNA was dissolved in
water. DNA contaminations were eliminated using
RNase-free DNase. A nanodrop was used to
measure RNA, properties, and size of RNAs at the
wavelengths of 280/260 and 280/230 nm. Using
Tag Man Reverse Transcription Kit (QIAGEN,
Japan) was synthesized according to the kit
protocol, 1pg of RNA purified with the Random
Hexamer Primer mixed with dNTP mixture and for
5 min at 65°C, then incubated and quickly
transferred onto the ice. Thereafter, buffer and the
ribonuclease inhibiting protein and enzyme was
added and placed in a thermocycler. For each
sample, 40 ng of synthesized cDNA by Power
SYBER Green master mix (QIAGEN, Japan) was
done in the final volume of 10ul and 0.5 pl of each
primer (Table 1) using Real-Time PCR. CT data
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analysis of each sample was performed using
StepOne software and normalized by using
GAPDH (housekeeping control) gene. To estimate
the fold change in Bcl-2, Bax, and Bad gene
expression compared to the GAPDH gene in
control samples (untreated) were compared to
those treated with coumarin and each experiment
was repeated three times. Designed primers for
each gene were selected from the NCBI.

Statistical analysis

Statistical analysis of the data was performed
using SPSS software version 18 (IBM SPSS,
Armonk, NY, and ANOVA). Charts were plotted
using Microsoft Excel 2016 software and
differences were considered significant at the level
of p<0.05.

Result

Evaluation of coumarin IC50 in the cells

In the cell viability assay using MTT assay, the
IC50 of coumarin was determined to be 25 uM in
24 h for treated cells. The results showed that the
cytotoxic effects of this compound on the viability
of HT-29 cells were dose-dependent and the cell
viability — decreased  with increasing the
concentration of coumarin (P <0.05). The cell
viability, based on MTT assay in treated cells with
5, 10, 20, and 25 uM concentration of coumarin for
the cells, was 93, 87, 72, 58 and 47%, respectively,
as shown in figure 2A (P <0.05).

Evaluation of the cell viability with coumarin on
day 1, 3,and 5

The viability rate of cancer cells in the group
treated with coumarin (IC50: 25 pM) was
compared with each other. The viability rate of HT-
29 cells treated with coumarin on day 1, 3, 5 was
50%, 44%, and 40%, respectively. Also, the
viability rate of A549 cells treated with coumarin
on day 1, 3, 5 was 50%, 38%, and 31%,
respectively (P<0.05). The cell viability of both
groups was significantly decreased on day 5
compared to day 3 and day 1. Also, 3-day-treated
cells showed a lower viability rate than 1-day-
treated cells. These data suggest that the effects of
these compounds are time-dependent. Also, A549
cells showed a more significant decrease in cancer
cell viability in all three periods (day 1, 3 and 5)
than HT-29 cells(P<0.05).

Morphology of HT-29 cells
The control cells and treated cells with 1C50
concentration of coumarin were stained with
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Giemsa staining and examined by invert
microscopy. In this type of staining, chromatin
compaction, nuclear shrinkage and cell shrinkage,
confirmed cell death and apoptosis in the cells
treated with coumarin. According to these images,
morphological changes were more pronounced in
the cells treated with coumarin.

Real-Time RT-PCR analysis of apoptosis-related
gene expression in the cells

The results showed that increased expression of
Bax and Bad genes and decreased expression of
Bcl2 gene in the cells under 24-hour treatment with
IC50 concentration of coumarin were significantly
different compared to control group (P<0.001),
indicating a simultaneous induction of apoptosis in
the cells treated with these compounds for 24
hours. Also, according to the results, the
aforementioned genes were significantly increased
in coumarin-treated A549 cells compared to HT-29
cells.

Discussion

Cancer is one of the most widespread malignant
diseases worldwide. One of the most common
cancers is colorectal cancer. As the rate of aging in
non-industrialized countries increases, the number
of cases of the disease is also rapidly increasing. It
is a public health problem in most parts of the
world, with different epidemiological features
around the world. Among the factors contributing
to the incidence of colorectal cancer are genetic
and environmental factors such as inappropriate
diets, obesity, smoking, and alcohol. The first step
in the development of this cancer and the formation
of adenomas is the uncontrolled proliferation of
intestinal epithelial cells, which mainly occurs as a
result of apoptosis inhibition. Among the general
processes for effective treatment of cancers are
inhibition of DNA synthesis, control of free radical
production and regulation of cell cycle, and
induction of apoptosis and cell death and
autophagy. Apoptosis is a regulated process of cell
death that occurs in response to various stressors
such as physiological, pathological or cytotoxic
stimuli in the body. It is characterized by
morphological changes including cell shrinkage,
chromatin condensation, and apoptotic body
formation. As a result, active stimulation and
induction of this process is a particularly
interesting strategy for the treatment of many
cancers. Another important type of cell death is
autophagy, autophagy is an intracellular process
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that can substantially induce cellular damage by
external stimuli such as chemical agents, oxidative
stress and nutritional deficiencies and protect the
cell in stressful conditions. This process plays an
important role in life, development, differentiation,
and homeostasis and is involved in a wide range of
diseases including cancer, neurodegenerative
diseases, and so on. Therefore, many drugs
produced in the field of cancer today regulate
autophagy death. It should be noted that the role of
autophagy concerning cancer cells is bilateral and
controversial because on the one hand autophagy
can increase viability by inhibiting cell death and
on the other hand it may be associated with
apoptosis and induce cell death.

Coumarin is a natural compound found in a
variety of herbs including licorice, lavender and,
cinnamon, which has many medicinal properties.
Among all of its diverse biological properties, the
features such as having anti-tumor and anti-
proliferative activity and its role in disease
prevention comparing to other plant extracts, have
led the researchers to study the properties of its
compounds as cancer drugs have increased
dramatically.

The present study aimed to investigate the
effects of coumarin on Apoptotic Genes
Expression in Lung and Colorectal Cancer Cells. In
the present study, it was observed that coumarin
had dose- and time-dependent cytotoxic effects on
the viability of HT-29 and A549 cancer cells as
well as morphological changes, including changes
in  nucleation, cell shrinkage, chromatin
compaction by staining, confirming apoptosis. The
results of this study also showed that the lethal
effect of these compounds was dose- and time-
dependent, which intensified with increasing dose
as well as treatment time. In confirmation of
morphological observations, the results of gRT-
PCR and western blotting also showed an increase
in the expression of proapoptotic genes. In a study
in 2017, Wang et al. investigated the induction of
caspase-dependent apoptosis and autophagy by a
coumarin hybrid compound on lung cancer cells
and concluded that this compound inhibited the
expression of the Bcl2 gene in the apoptotic
pathway and activated Bax gene expression. Also,
in the cells treated with coumarin, the double-
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layered membrane of the autophagosome,
especially autophagic vacuoles, has been observed,
and finally the study demonstrated that like most
chemotherapy drugs, coumarin hybrid has been
able to run the autophagy pathway in lung cancer
cells. Many studies have been performed on the
anti-tumor and cytotoxic effects of coumarin,
confirming our results in this study, for instance,
and several researchers found some natural
coumarin compounds which induced apoptosis in
cancer cells. The effect of the coumarin
synthesized product (5-P-chlorophenyl-2-benzo 5,
6-coumarin-3-yelthylidene aminothiazole) in an in
vivo and in vitro study, was also evaluated. This
syntactic compound had activity against Ehrlich
ascites carcinoma in mice and also had a cytotoxic
effect on human cancer cells MCF-7, PC3, HepG2,
and HCT-116. Also, the expression of the P53 gene
in the mice treated with coumarin, was increased
compared to the control group.

Conclusion

The results showed that coumarin reduced the
viability and proliferation of HT-29 and special
A549 cells by dose and time significantly
(P<0.001), moreover, it has been observed that the
viability rate of the treated cells on the fifth day,
significantly decreased compared to the control
group (P <0.05). Morphological changes, such as
reduced chromatin density and cell turnover, were
also noticeably observed in the cells. Also,
molecular results showed that coumarin could
significantly increase the expression of Bax and
Bad genes and decrease the expression of Bcl-2
gene. Coumarin is capable of anti-proliferative
activity and induces apoptosis effectively against
colon and lung cancer cells.
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