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Abstract

Background: Lung cancer is one of the most common leading causes of mortality and morbidity worldwide. Despite recent ad-
vances in therapeutic approaches, common methods are not fully effective. Thus, researchers are looking for some novel comple-
mentary agents to improve the effectiveness of therapies. Emerging evidence has shown the antitumor activity of several natural
components such as quinoa seed extracts in various types of cancer.
Objectives: Hence, this study was conducted to evaluate the antiproliferation and anti-apoptotic activity of quinoa on the A549
lung cancer cell line.
Methods: The cell viability of A549 cells treated with quinoa was detected using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. The expression levels of BAX and BCL2 as apoptosis-related genes were assessed
using real-time polymerase chain reaction (PCR). Finally, the statistical analysis was performed using GraphPad Prism version 7.
Results: Our findings demonstrated that the cell viability decreased in a concentration and time-dependent manner. Also, treating
A549 cells with doses of 1.60 and 1.92 mg/mL of quinoa seed extracts could increase BAX and decrease BCL2 expression levels (P <
0.05). However, the higher dose (1.92 mg/mL) was significantly effective.
Conclusions: According to this study, quinoa seed extract could induce apoptosis in lung cancer cells (A549) throughout the in-
creased ratio of BAX/BCL2. However, further investigations are required to confirm the results.
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1. Background

Lung cancer has been recognized as the first leading
cause of cancer-related death globally. According to the
World Health Organization (WHO) statistics in 2018, this
cancer had the highest incidence (11.6%) and mortality
(18.4%) rate compared to other cancers (1). The 5-year sur-
vival rate in this cancer is poor; it even reaches 13.3% in
some areas such as the United Kingdom (2).

Although chemotherapy is the most effective thera-
peutic strategy against cancer, several anticancer drugs
cause serious side effects, including anorexia, nausea, vom-
iting, diarrhea, gastrointestinal mucositis, constipation,
malabsorption, weight loss, fatigue, and anemia (3). Ac-
cumulating evidence has demonstrated that using various
components of plant extracts with antioxidant, antipro-
liferative, anti-inflammatory, and anti-angiogenic charac-
teristics can be suggested as complementary anticancer

agents, which reduce the required dose of chemotherapy
drugs and improve the efficiency of therapy (4).

Quinoa (Chenopodium quinoa Willd.) is a pseudoce-
real crop that belongs to the Chenopodiaceae family. Al-
though this multipurpose agricultural crop has been tra-
ditionally cultivated in the Andes of South America for
thousands of years, it has recently been the focus of atten-
tion worldwide. Quinoa is rich not only in macronutri-
ents (including bioactive protein, high-quality fatty acids,
polysaccharides, and dietary fiber), but also in multiple
micronutrients as well as vitamins, essential amino acids,
minerals, saponins, phytoecdysteroids, phytosterols, and
polyphenolic compounds (5). Polyphenols such as phe-
nolic acids, flavonoids, and tannins contribute to biologi-
cal functions, including anticarcinogenic, antioxidant, an-
timicrobial, and anti-inflammatory effects. Hence, quinoa
can play a critical role in preventing multiple oxidative
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stress-associated diseases such as cancer, diabetes, osteo-
porosis, cardiovascular, gastrointestinal, and neurodegen-
erative diseases (6).

Inducing apoptosis is one of the main mechanisms
of action for anticancer agents. Apoptosis is a critical
dominant defense mechanism against cancer, which
has extrinsic (death receptor) and intrinsic (mitochon-
drial) pathways. BCL2 family proteins are considered
critical apoptotic regulators through the mitochondrial-
mediated pathway, which act as pro-apoptotic (BAX,
BAD,BAK, BIK, BLK, BIM, BID) or anti-apoptotic (BCL2, BCL-W,
BCL-X, BCL-XS, BCL-XL) proteins. BAX and BCL2 are the main
pro-apoptotic and anti-apoptotic proteins, respectively.
The balance of these proteins determines cellular fate (7).
In the lack of apoptotic stress, BCL2 and BCL-XL interact
with BAX and BAK to maintain the outer mitochondrial
membrane integrity and prevent mitochondrial apopto-
sis. On the other hand, apoptotic stress can change the
ratios between anti-apoptotic and pro-apoptotic proteins
and cause alteration in the construction of BAX/BAK com-
plexes through punching the mitochondria membrane
(8). Therefore, dysregulation of the BCL2 family can be a
promising strategy for cancer treatment (9).

2. Objectives

In this study, we aimed to evaluate the poten-
tial anticancer activity and molecular mechanisms of
quinoa seed extract on lung cancer cells through 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay and real-time polymerase chain reaction
(PCR).

3. Methods

3.1. Materials

Dulbecco’s Modified Eagle’s Medium (DMEM), fetal
bovine serum (FBS), penicillin/streptomycin, trypsin/EDTA
solution, dimethyl sulfoxide (DMSO), and phosphate-
buffered saline (PBS) were provided from Gibco BRL (Grand
Island, NY, USA). MTT was also purchased from Sigma-
Aldrich (M2128-1G, USA).

3.2. Extract Preparation

Quinoa (C. quinoa Willd.) seeds were prepared from a
seed technology laboratory (Mashhad, Iran). To prepare
the quinoa extract, 20 g of finely ground quinoa seeds were
mixed with 200 mL of 98.0% (v/v) ethanol. The mixtures
were then left in a shaking incubator at room temperature

for 24 hours before filtration. The clear extract was col-
lected and then evaporated using a rotary evaporator at
70°C (10).

3.3. Cell Cultivation

To investigate the anticancer activity of quinoa, the
A549 cell line was used. A549 cells belong to hu-
man lung squamous cell carcinoma. The cells were
cultured in DMEM supplemented with 10% FBS, peni-
cillin/streptomycin (100 IU/mL) at 37°C in a humidified at-
mosphere of 5% CO2 (11).

3.4. Cell Viability Assays

The assessment of A549 cell viability was performed us-
ing the MTT assay. For this method, cells were incubated
for 24 hours at 37°C and 5% CO2 in a humidified atmo-
sphere. Then, the supernatant was replaced with 0.1 mL
of a new culture medium containing a series of quinoa
seed extract diluted in various concentrations (0, 0.4, 0.8,
1.2, 1.6, and 2 mg/mL). After 24, 48, and 72 hours of treat-
ment, cell viability was investigated by the MTT assay based
on our previous reports (11). The anticancer effects of
quinoa were expressed with half maximal inhibitory con-
centration (IC50), calculated using concentration and time-
dependent curves.

3.5. RNA Extraction and Gene Expression Analysis

A549 cells were seeded in 6-well plates and allowed
to reach confluence. Cells were treated by adding quinoa
seed extract at final concentrations of 1.60 and 1.92 mg/mL.
After treatments, total RNA from A549 cells was extracted
via the phenol-guanidinium thiocyanate procedure using
the RNX PLUS kit (SinaClon, Iran). RNA was quantified at
230, 260, and 280 nm by a NanoDrop device (BioTek, Epoch,
USA). Total RNA was reverse transcribed into complemen-
tary DNA (cDNA) using the PARSGENOME kit (Tehran, Iran).
Primers for real-time PCR analysis were designed using Na-
tional Center for Biotechnology Information (NCBI) web-
sites and OligoAnalyzer online software. Primers for ampli-
fication of BAX were as follows: F: GGTTGTCGCCCTTTTCTA,
R: CGGAGGAAGTCCAATGTC, and they were F: GATGTGATGC-
CTCTGCGAAG, and R: CATGCTGATGTCTCTGGAATCT for am-
plification of BCL2. GAPDH was used and amplified as a con-
trol using the following primers: F: GGTCGGAGTCAACGGA
and R: CCAGCATCGCCCCACTT (12). Cycling conditions in a
real-time PCR system (Applied Biosystems, Foster City, CA)
were as follows: 10 minutes at 95°C, 40 cycles of 15 seconds
at 95°C, 30 seconds at 60°C, followed by a melting curve
analysis step (15 seconds at 95°C, 60 seconds at 60°C, and
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15 seconds at 95°C). Each sample was analyzed in triplicate.
The experiments were repeated twice with consistent re-
sults. Finally, the ∆∆Ct method was used to analyze gene
expression.

3.6. Statistical Analyses

Data were analyzed using GraphPad Prism version 7
(GraphPad Software, San Diego, CA). All the reported data
in histograms are expressed as mean± SD. P values < 0.05
were considered statistically significant.

4. Results

4.1. In Vitro Cytotoxic Activity

The cytotoxic effects of various doses of quinoa seed
extract (0 - 2 mg/mL) for 24, 48, and 72 hours on A549
cells were investigated using the MTT assay. The results
showed a potent antiproliferative effect of the quinoa ex-
tract against lung cancer. As illustrated in Figure 1, quinoa
prohibits the proliferation of treated A549 cells in a con-
centration and time-dependent manner compared to the
control. Cell viability decreased by increasing the time and
dose of quinoa. For more investigations on quinoa extracts
against the A549 cell line, IC50 values were determined. The
results of quinoa IC50 were reported 1.9, 1.8, and 1.5 after 24,
48, and 72 hours of treatment, respectively.

4.2. Gene Expression

As shown in Figure 2, the selected doses of quinoa seed
extract increasedBAX expression in A549 after 24 hours (P <
0.05). The gene expression of BAX after 24 hours was signif-
icantly higher in the dose of 1.92 mg/mL compared to 1.60
mg/mL. Also, as illustrated in Figure 3, treatment of A549
cells with selected doses of quinoa decreased BCL2 expres-
sion (P < 0.05). However, gene expression after 24 hours
was lower in higher concentrations (1.92 mg/mL) than in
lower concentrations (1.60 mg/mL).

5. Discussion

Over recent years, natural compound-based drugs
have attracted much attention (13). Several studies have
proposed quinoa as a useful health-promoting product
(14). Antitumor activity of quinoa has been reported in
various cancers, including breast (15, 16), colorectal (15, 17),
liver (16, 18), cervix (19), and prostate (20). However, its
molecular mechanisms are not precisely understood. Al-
though lung cancer is the most common cancer globally,
only few studies have investigated the anticancer effects

of quinoa on this cancer. Thus, we decided to evaluate
the impact of quinoa seed extract on this cancer to assess
apoptosis-related gene expression levels.

The MTT assay results indicated an antiproliferative
property of quinoa in a concentration and time-dependent
manner. Moreover, the IC50 values showed that the cyto-
toxic activity after 72 hours (IC50 = 1.5) of treatment was
more effective compared to 24 hours (IC50 = 1.9) and/or 48
hours (IC50 = 1.8).

In line with our findings, the antiproliferative and an-
tioxidant activities of quinoa were also reported in colorec-
tal and breast cancer cell lines (21). Another in vitro study
on prostate cancer proposed that phenolic compounds of
quinoa leaves had antioxidant and anticancer activities
through oxidative stress and reactive oxygen species (ROS)-
dependent intracellular signaling (20). Similarly, Ren et
al. demonstrated antioxidant and anti-inflammatory activ-
ities of quinoa due to the presence of lunasin (22). A study
conducted by Mohamed et al. also reported that quinoa
was not only a proper treatment to afford hepatoprotec-
tion against non-alcoholic fatty liver disease (NAFLD), but
also it could be effective in hepatocarcinoma. They also
found that quinoa promoted liver functions and signifi-
cantly controlled triglycerides and total cholesterol (18).

Several studies have investigated the effects of quinoa
on the immune system. Hu et al. (16) investigated hu-
man liver and breast cancer and reported that quinoa
has antioxidant, anticancer, and immune-regulating activ-
ities due to a unique bioactive polysaccharide called the C.
quinoa polysaccharide (CQP). Furthermore, Franceschelli
et al. found that quinoa could prohibit oxidative and in-
flammatory activities in colorectal cancer based on the
analysis of antioxidant enzymes, pro-inflammatory com-
ponents, and intermediary metabolism products (17). An-
other research indicated that the structural characteristics
of quinoa, such as protease inhibitors, were potentially be-
ing used to control hepatocarcinoma, affecting innate im-
munity in the tumor microenvironment (23).

Additionally, our findings showed that apoptosis-
related genes such as BAX and BCL2 were upregulated and
downregulated, respectively. The alteration in gene ex-
pression was more remarkable for a dose of 1.92 mg/mL
compared to other doses. As apoptosis is one of the
main cancer-related mechanisms, using such components
(which target this process) could be beneficial.

5.1. Conclusions

In conclusion, our findings propose quinoa as a poten-
tial complementary agent for lung cancer therapy. How-
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Figure 1. The effect of quinoa ethanol extract (0-2 mg/mL) concentrations on cell viability of human lung cancer cell line A549 after 24, 48, and 72 hours of treatments.
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Figure 2. The effect of quinoa extract on messenger RNA expression of BAX and GAPDH in the A549 cell line. Data are expressed as mean ± SD. **P < 0.05 vs controls
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Figure 3. The effect of quinoa extract on messenger RNA expression of BCL2 and GAPDH in the A549 cell line. Data are expressed as mean ± SD. **P < 0.05 vs controls

ever, further evaluations, especially in vivo and clinical
trial studies, are necessary to confirm our results.
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