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Abstract

Introduction: Lung cancer is the most deadly and 
sumptuous cancer across the globe. Cancer occurrence 
is increasing progressively and there is no ideal cure yet. 
Therefore, new therapeutic areas are needed. The use of 
herbal extracts due to its properties such as antioxidant 
activity, anti-proliferative effect, and few side effects can 
be promising in the treatment of cancer. This study aimed to 
compare the effect of Echinophora platyloba DC. and Cordia 
myxa L extracts on apoptosis induction in A549 cancer cells.

Materials and Methods: In this experiment, the A549 cell 
line was first cultured in DMEM medium containing 10% 
FBS and then treated with different concentrations of both 
compounds. MTT assay was performed to determine IC50 
and to compare the viability of cells treated with different 
concentrations of Echinophora platyloba DC. and Cordia 
myxa L seed on days 1, 3 and 5. QRT-PCR test was used 
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to investigate the effects of Echinophora platyloba DC. 
and Cordia myxa L with IC50 on apoptosis induction.

Results: MTT results showed that both plant extracts resulted 
in cell death and decreased viability of lung cancer cells. 
But the percentage of viability decreased by Echinophora 
platyloba DC. was more. Also, Echinophora platyloba DC. 
significantly increased the expression of Bax, P53 and Bad 
apoptotic genes and decreased the expression of Bcl2 gene, 
which induces apoptotic death and the cytotoxic effect of 
Echinophora platyloba DC. over Cordia myxa L.

Conclusion: In comparing the effects of these two extracts 
Echinophora platyloba DC. was more effective than Cordia 
myxa L and had greater cytotoxicity on A549 cancerous 
cells in a lesser concentration and could be an appropriate 
drug candidate for the treatment of lung cancer.

Keywords: Lung cancer, Echinophora platyloba DC, 
Cordia myxa L, Apoptosis

Introduction
Lung cancer is the most deadly and sumptuous cancer 

worldwide, with an estimated 229,000 lung cancer cases 
and 16,000,000 deaths in the United States in 2013. This 
figure accounts for about 27% of all deaths from all types 
of cancer.[1] In Iran, it is also considered to be one of the 
most common cancers and in studies of the number of 
lung cancers registered in the country in 2014 and 2015, 
standardized age incidence rates, ASR of lung cancer in men 
and women were 7.09 and 3.3, respectively.[2] Smoking is the 
most important cause of lung cancer, with 33% of smokers 
die due to lung cancer, and 85% of lung cancers have 

been reported in smokers in the United States. [3] Other risk 
factors such as age, heredity, air pollution and the workplace 
and substances such as asbestos, cadmium and radon gas 
affect lung cancer. Besides, there are other risk factors in the 
body. The metabolic byproducts and breakdowns that occur 
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during DNA replication as well as the byproducts of aerobic 
metabolism that produce oxygen radicals are mutagenic 
and are involved in carcinogenesis. [4] In the treatment of 
cancers, the overall goal is to use compounds that can 
inhibit DNA synthesis, modulate ROS production, regulate 
cell cycle, and alter or induce apoptosis pathways. [5] 
Many plants have antioxidant features that participate in 
cellular anticancer and antimutagenic activities. As far as 
the progress of cancer is closely related to the oxidative 
stress, the compounds that have antioxidant feature can be 
anticancer. Therefore, further studies are needed to identify 
the molecular mechanism of anticancer compounds of 
natural origin, especially plant-derived compounds.[6] One 
of the suggested mechanisms of antitumor in natural plant 
compounds is the mechanism of apoptosis or programmed 
cell death. Several factors are involved in activating 
the apoptosis mechanism, most notably activation of 
endonuclease, p53 induction, and activation of caspase-3 
protease enzyme. [7] In many cancers, proapoptotic proteins 
are mutated and deactivated while anti-apoptotic proteins 
are overexpressed and lead to malignant tumor growth, 
inability to respond to cellular stress, harmful mutations, 
and DNA damage.[8] Cancer occurrence is increasing 
progressively and there is no ideal cure yet. Therefore, 
new therapeutic approaches are needed, and this study is 
expected to continue with the development of new anticancer 
drugs. Tarhana herb with the botanical name of Echinophora 
platyloba DC. in genus Echinophora has 10 species that are 
most prevalent in the Mediterranean area. Echinophora 
platyloba species are native to the mountainous areas of 
western and southwestern Iran. The plant is known locally 
as Khosharizeh.[9] It has anti-bacterial and anti-parasitic 
characteristics and due to its phenolic compounds having 
a natural antioxidant effect it is subsequently effective in 
the treatment of diseases such as cancer. [10] Studies have 
been performed on the cytotoxic effects of Echinophora 
platyloba DC., including Shahneh et al. (2013) a study that 
investigated the effect of Echinophora platyloba DC. extract 
on WEHI-164 murine fibrosarcoma carcinoma cells, leading 
to decreased Bcl2 expression and induction of apoptosis in 
treated cancer cells.[11] Cordia myxa L., the most common 
species of the genus Cordia, belongs to the Boraginaceae 
family and generally grows in tropical, subtropical and dry 
to humid forests and morphologically it is a tree with 12 
meters high and the aerial parts are covered with hard 
trichomes that bear fruit in summer.[12] In the ancient 
texts, the healing properties of the species of the genus 
Cordia are mentioned and it is referred to as antibacterial, 
antiviral and antipyretic. Different organs of this plant such 
as leaves and fruits also have therapeutic properties such 
as pesticides, painkillers, astringents, and antiperspirants.
[13] This study aimed to compare the effects of these two 
extracts of Echinophora platyloba DC. and Cordia myxa L on 

the expression of Bax, Bad Bcl2, and P53 apoptotic genes in 
A549 lung cancer cells.

Materials and Methods

Preparation of Echinophora 
platyloba DC, extract solution

Hydroalcoholic extract of Echinophora platyloba DC. 
extract was obtained from Soha Chista Company and was 
dissolved in a basic serum-free medium as a solvent to 
form the main stock with a concentration of 50 mg/L. 
Then, to prepare the concentrations of 62.5, 125, 250 and 
500 μg/ml of Echinophora platyloba DC., the amount of 
powder prepared for each concentration was dissolved in 
the culture medium, then filtered and stored at refrigerator 
temperature (4°C) until use.

Preparation of Cordia myxa L extract solution
The fruits of Cordia were provided from the apothecaries 

of Tehran. Then the seed was milled by the machine. 100 
g of Cordia powder was mixed 1:1 with 70% ethanol and 
stirred at room temperature for 72 h. After smoothing, the 
filtered liquid was concentrated in the rotary and placed 
in the oven to dry. To prepare the concentrations of 10, 
50, 100 and 500μg/ml, the extract was weighed and 
dissolved in PBS. Filtration was performed using a 0.22 
μm syringe filter (Bio Fact BSS20-PE2, South Korea) and 
the solution was stored at 4°C until use.

Cell culture and passage
First, the lung carcinoma cell line (A549) was prepared 

from the Pasteur Institute of Tehran cell bank and prepared 
for culture and passage. Cells were counted and their 
viability percentage was determined. Then cultured in 
DMEM (Dulbecco’s modified Eagle’s medium, Gibco, USA) 
containing 10% FBS (Fetal bovine serum, Gibco, USA). 
They were then stored in an incubator (SinaCo., Iran) with 
5% CO2 and 95% humidity at 37°C. Once the cell density 
in the flask reached 80%, cell passage was performed 
and cells were cultured with approximately 1×104 cells/
cm2 in 96-well plates containing standard medium. After 
24 hours, cells were treated with different concentrations 
of Echinophora platyloba DC. and Cordia myxa L. Cell 
viability was evaluated on days 1, 3 and 5.

Cell Viability Assessment
In this study, to evaluate the cytotoxic effect of 

drug compounds on the growth and proliferation of 
A549 cancer cells and to determine the IC50 of these 
compounds MTT assay (3- (4, 5 Dimethylthiazol-2-yl) 
-2,5-Diphenyltertrazolium Bromide) was used. Cancer 
cells were cultured at approximately 1×104 cells/cm2 
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per pit on a 96-well plate containing DMEM medium 
supplemented with 10% FBS. After 24 hours these cells 
treated with different concentrations of Echinophora 
platyloba DC. extract and Cordia myxa L for 1, 3, and 5 hours, 
and one control group was considered for each cell that 
remained untreated. Then, the MTT assay was performed 
as described below. At given times the culture medium was 
removed from the plates and approximately 100 μl of fresh 
medium containing 10μl of MTT (5 mg/ml concentration) 
were added. Cells were incubated for 3 hours at 37°C, then 
MTT solution was removed and 100 μl of DMSO (100% 
Dimethyl sulfoxide, Merck, USA) was added. The optical 
absorption of the samples was measured at 570 nm using 
a microplate reader (Biotek, Germany).

Imaging
For the morphological study of A549 cells from control 

groups and treated groups with IC50 concentrations, 
extracts were imaged on days 1, 3 and 5 on 96-well plates 
by a digital camera attached to a 20 and 40 objective lens 
microscope and images were taken. Each cell in control 
and treated groups were compared microscopically.

RNA Extraction
RNA extraction was performed by extraction kit 

(CinnaGen, Iran) and extraction was performed according 
to the instructions. After extraction, the nanodrop machine 
was used to measure RNA and its size at 260/280 nm.

Making cDNA
The cDNA synthesis procedure was performed 

according to the HyperScript kit (GeneAll, Portugal) 
instructions, for each sample of 2μm of cDNA and 0.5μm 
Forward Primer, 0.5μm Reverse Primer, 0.5μm SYBR 
Green, and 5μm distilled water. Power SYBER Green 
master mix (Qiagen, Japan) was used in a final volume of 
10μm using Real-Time PCR.

Real-Time PCR
To measure gene expression, the heat-time program 

was performed in three stages as follows. The denaturation 
reaction was performed at 95°C for 30 seconds, followed 
by melting at 95°C for 1 second, and finally the third 
application stage at 60°C for 33 seconds repeated for 40 
cycles. Data analysis (CT) of each sample was performed 
using StepOne software and normalization was performed 
using GAPDH gene (housekeeping gene) to estimate fold 
change percentage of Bax, Bad, Bcl2, P53, and p53, 
compared with threshold cycle in the control sample, then 
compared to the Echinophora platyloba DC. and Cordia 
myxa L extracts and each experiment was repeated three 
times. Gene sequences were extracted from the NCBI site 

and forward and reverse primers were designed using 
Gen Runner and Primer Express software (Table 1).

Data Analysis
The LIVAC method was used to analyze the data 

obtained from this reaction. GraphPad Prism, One-way 
ANOVA and t-test were used for statistical analysis. The 
chart was drawn in Excel 2016. Considered range as the 
significant difference for samples was P<0.05.

Results

Evaluation of cell viability in cells treated 
with Echinophora platyloba DC. extract

According to MTT test results, IC50 of Echinophora 
platyloba DC. extract was determined in 24 hours for 250 
μg/ml A549 cells (P <0.05). The cytotoxic effects of this 
compound on A549 cell viability were dose-dependent and 
decreased with increasing concentration of cell viability. 
The results of cell evaluation based on MTT assay in 
cells treated with different concentrations of Echinophora 

Figure 1. Effects of different Echinophora platyloba DC. 
concentrations on A549 cell viability using MTT test and 
determination of IC50 of A549 cells as 250 μg/L (Different 
letters show significant differences between groups (P <0.05) 
Arrow indicates IC50 concentration).

Tm (C)Primer Sequence (5’3’)Name

GCTGGACATTGGACTTCCTCBAX (F)

58.5ACCACTGTGACCTGCTCCABAX (R)

CGGAGGATGAGTGACGAGTTBAD (F)

58.3CCACCAGGACTGGAAGACTCBAD (R)

GATGGGATCGTTGCCTTATGCBCL2 (F)

58.8CCTTGGCATGAGATGCAGGABCL2 (R)

GGAGGGGCGATAAATACCP53(F)

57.25AACTGTAACTCCTCAGGCAGGCP53(R)

57GCAAGAGCACAAGAGGAAGAGAPDH (F)

ACTGTGAGGAGGGGAGATTCGAPDH (R)

Table 1. Forward primers
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platyloba DC. are presented in Figure 1. Maximum and 
minimum cytotoxicity was observed at concentrations of 
500 and 62.5 μg/L, respectively, for A549.

Evaluation of cell viability in cells 
treated with Cordia myxa L extract

According to MTT test results, IC50 of Cordia myxa L 
extract was determined in 24 hours for 500 μg/ml A549 
cells (P <0.05). The cytotoxicity of this compound on A549 
cell viability was dose-dependent and decreased with 
increasing concentration of cell viability. The results of the 
MTT assay for cells treated with different concentrations 
of Cordia myxa L are presented in Figure 2. Maximum and 
minimum cytotoxicity was observed at concentrations of 
500 and 10 μg/L, respectively, according to the diagram 
for A549.

Comparison of the viability of A549 cells 
treated with Echinophora platyloba DC. and 
Cordia myxa L extracts on days 1, 3 and 5

Cell viability by MTT assay showed that A549 cancer 
cells had a significant decrease in IC50 after treatment 

with Echinophora platyloba DC. and Cordia myxa L extracts 
on the first day (P <0.05). Cell viability was significantly 
decreased after exposure to the same concentrations on 
the third day (P <0.05). The percentage of cell viability 
in the experimental groups decreased significantly on 
the fifth day compared to the control and the other days, 
which showed a significant difference compared to the 
control and the first and third-day samples (P <0.01) 
(Figure 3). Comparison between Cordia myxa L and 
Echinophora platyloba DC. As shown in the diagram, the 
effect of Echinophora platyloba DC. on the third and fifth 
days was greater than that of Cordia myxa L.

Effect of Echinophora platyloba DC. and 
Cordia myxa L extracts on Morphological 
Changes of A549 Cancer Cells

The morphology of the treated cells was evaluated by 
invert microscopy. As shown in the figure below, one of 
the major changes was that the nuclei of the cells shrink 
and their membranes damaged while intact cells were 
observed with intact membranes. Our observations were 
consistent with the results of MTT so that the apoptotic 

Figure 2. Effects of different Cordia myxa L concentrations on 
A549 cell viability using MTT test and determination of IC50 
of A549 cells as 500 μg/L (Different letters show significant 
differences between groups (P <0.05) Arrow indicates IC50 
concentration).

Figure 4. Morphology of A549 cells with invert microscope: G2- Cells treated with IC50 concentration of Echinophora platyloba DC. 
G4 -Cells treated with IC50 concentration of Cordia myxa L. Cont.- Control cells

Figure 3. Effects of Echinophora platyloba DC. (G2) and Cordia 
myxa L (G4) concentration on A549 cell viability on days 1, 3, and 
5 after treatment. Comparison of significant differences between 
different days in each group, different marks shows significant 
differences (P <0.05) (* P <0.05, ** P <0.01, *** P <0.001)
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cells in the group treated with Cordia myxa L were more 
than the Echinophora platyloba DC. group.

Evaluation of the expression of 
apoptotic marker genes

Evaluation of Gene Expression Changes in 
A549 Cells Treated with IC50 Concentration of 
Echinophora platyloba DC. and Cordia myxa L 
Extracts

Treatment of A549 cells with IC50 concentration of 
Echinophora platyloba DC. and Cordia myxa L extracts 
significantly increased the expression of Bax, P53 and 
Bad apoptotic gene and decreased Bcl2 gene expression 
that indicates apoptosis induction and cell cycle arrest by 
the extracts. However, this increase was more prominent 
in cells with 24 hour-treatment of IC50 concentration of 
Echinophora platyloba DC. than Cordia myxa L. Particularly 
in the expression of P53 (P <0.05), Bad (P <0.01), Bax (P 
<0.01), and Bcl2 (P <0.001) genes, this difference was 
significant between Echinophora platyloba DC. and Cordia 
myxa L (Figure 5). Also, the expression ratio of Bax/Bcl2 
genes and Bad/Bcl2 ratio in A549 cells treated with IC50 
concentration has approved this observation.

Discussion and Conclusion
In most cancers, the normal process of apoptosis to 

eliminate unwanted cells does not happen, thereby cell 
proliferation and eliminating unwanted cells get out of 
control. Avoidance of apoptosis results in undesirable 
growth of tumors and greater resistance to chemotherapy. 
Radiation therapy, chemotherapy, and surgery have been 
used to destroy cancerous tissue in recent decades. Each 

of these methods has weaknesses such as failure to 
reach the target tissue with appropriate concentration, the 
deleterious effects of radiation therapy on other healthy 
tissues as well as resistance to the body. Therefore, the 
necessity of novel therapeutic strategies is effective and 
with the least side effects [15]. Taking into consideration the 
tendencies mentioned and attention to the production of 
low-frequency products and their molecular mechanisms 
of action over the past years. Therefore, this study aimed to 
compare the effect of these two extracts on the expression 
of apoptotic genes of Bax, Bad Bcl2, and P53 in A549 lung 
cancer cells. The results of the present study showed that 
Echinophora platyloba DC. has better cytotoxicity for lung 
cancer cells and induce apoptosis process compared to 
Cordia myxa L according to cell viability assay (MTT) and 
the analysis of apoptotic genes. Bcl2 is an anti-apoptotic 
gene and Bax and Bad are two pro-apoptotic genes. When 
the death message reaches Bax and Bad, the inhibitory 
effects of Bcl2 are abolished on these two proteins, and 
approaches to the mitochondria, resulting in mitochondrial 
pore depletion. The mitochondrial membrane potential 
becomes permeable and subsequently permeable. It is 
further activated by the release of cytochrome C apoptotic 
cascades. The p53 gene is a potent cell cycle inhibitor 
that disrupts apoptosis and prevents tumorigenesis by 
interrupting the G2 stage.[16] Concerning the properties of 
Echinophora platyloba DC., the researchers reported that 
concentrations above 50% had antioxidant and antibacterial 
effects on Staphylococcus aureus and Escherichia coli due 
to their phenolic compounds.[17] Also, given the traditional 
use of Echinophora platyloba DC. in food to prevent mildew, 
Avizhegan et al. (2006) found in a study that the plant 
extract can be used against pathogenic dermatophytes and 
has antifungal properties. [18] Phytochemical investigations 
on the Echinophora platyloba DC. plant have reported 
antioxidant properties of phenolic, coumarin, flavonoids, 
alkaloids, ursolic acid.[19] Concerning the antiproliferative 
and anti-cancer properties of Echinophora platyloba DC., 

Figure 5. Gene expression changes in A549 cells treated with IC50 
concentration of Echinophora platyloba DC. (G2) and Cordia myxa 
L (G4) - increased expression of Bax, Bad and P53 genes and 
decreased expression of Bcl2 genes in A549 Cells treated with 
IC50 Concentration of Echinophora platyloba DC. and Cordia myxa 
L extracts in each cell line compared to the control group. Also, 
differences in the expression of genes by two substances have 
been shown by the asterisk (* P <0.05, ** P <0.01, *** P <0.001).

Figure 6. The ratio of Bax/Bcl2 and Bad/Bcl2 genes expression 
in A549 cells treated with Echinophora platyloba DC. (G2) and 
Cordia myxa L (G4) (* P <0.05, ** P <0.01, *** P <0.001)
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Shane et al. (2013) showed that Echinophora platyloba 
DC. methanolic extract has a potential effect on preventing 
the proliferation of fibrosarcoma cancer cells. MTT results 
and morphological images of their study suggest a dose- 
and time-dependent effect. The presence of Echinophora 
platyloba DC. extract on cell cytotoxicity and decreased 
expression of Bcl2 indicates the induction of apoptotic cell 
death. In another study by the same researchers, it was 
reported that Echinophora platyloba DC. extract was able 
to exert antiproliferative and antitumor effects on prostate 
cancer cells and morphological changes such as apoptotic 
bodies and DNA fragmentation confirmed the apoptotic 
cell death.[11] The studies are consistent with the findings 
of the present study. The anti-proliferative effects of this 
extract on APL cancer cells have also been reported by 
researchers.[20] The dose-dependent cytotoxic effects of 
methanolic extract of Echinophora platyloba DC. on the 
cancer cells of Raji, U937, KG-1A, MCF-7 have been 
investigated, which U937 is more resistant than other 
cancer cells and the Echinophora platyloba DC. cytotoxic 
effects on WEHI-164 was effective at lower concentrations, 
indicating that these effects were also cell-dependent. 
Also, effective concentrations (IC50) of this extract had no 
cytotoxic effects on normal HUVEC cells.[21] The potential 
of Echinophora platyloba DC. extract in inducing apoptosis 
through increased pro-apoptotic Bax gene expression and 
decreased anti-apoptotic Bcl2 gene expression, as well 
as increased P27 gene expression and cell cycle arrest in 
breast cancer cell lines, has been reported.[22]

As shown in the results of this study, Cordia myxa L also 
had apoptosis and induction of cell death on lung cancer 
cells. Studies have been done on the antioxidant properties 
of this plant including its antioxidant properties. In a study, 
they attributed the protective effect of sepsis with ranitidine 
to gastric ulcers to the presence of chemical constituents 
such as flavonoids, saponins, and alkaloids.[23] Awadi Al et al. 
(2001) showed the anti-inflammatory properties of Cordia 
myxa L to experimental colitis.[24] It has many medicinal 
properties including, anti-inflammatory, immune-
modulatory, antimicrobial, antiparasitic, insecticidal, 
sedative and potent cardiovascular, respiratory and digestive 
systems.[26-27] Previous studies have reported Cordia myxa L 
seeds containing active anti-cancer compounds, including 
taxifolin diraminocide and alpha-amine.[14] In an in vitro/
in silico study of the alpha-amine compound, it has been 
shown that, like non-steroidal anti-inflammatory drugs 
(NSAIDs), it can co-inhibit COX-2 and 5-LOX by binding to 
the active site of the enzyme. However, unlike NSAIDs, they 
selectively do not have the risks of gastric ulcers induced 
by COX-2 inhibition in gastric cells [28]. The COX-2 enzyme 
(Cyclooxygenase-2) has been proven to play an important 
role in inflammation as well as the alteration of colorectal 
polyps to colorectal cancer.[29] It also plays an important role 

not only in inflammation but also in cancerous tumors as 
it helps in tumor formation and growth. Today, it has been 
proven that selective COX-2 inhibitors can be a novel way 
to treat colorectal polyps and cancer.[30] Similar studies have 
also confirmed its role in the development of breast cancer 
as well as in invasion and lung cancer.[31] Inflammation plays 
a very important role in the spread of cancer and increases 
the risk of various types of cancer and non-steroidal anti-
inflammatory drugs reduce the risk of cancers including 
colon and breast cancer.[32] As a result, Cordia myxa L is 
capable of inducing apoptosis and cell death in cancer cells 
due to its COX-2 inhibitor and anti-inflammatory properties.

Comparing the antiproliferative effects of Echinophora 
platyloba DC. and Cordia myxa L extracts, as shown 
in the results, Echinophora platyloba DC. extract had 
a better effect on the induction of apoptosis and the 
expression of apoptotic genes in lung cancer cells than 
Cordia myxa L extract. It has more antioxidant properties 
and lower cytotoxicity effect with a lower concentration 
than Cordia myxa L seed. Also, Echinophora platyloba 
DC. extract induces apoptosis and inhibits cell growth 
and proliferation, eliminates lung cancer cells and can be 
used as an effective drug of natural origin in the treatment 
of lung malignancies.
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