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Abstract

Lung cancer is Thailand's second-highest cause of mortality. Mustard green (MG) and rat-tailed radish
(RTR) 7-day-old microgreens were previously shown to exhibit cytotoxicity against MCF-7 and HepG?7 cells.
However, both plants have yet to be tested on A549 lung cancer cells. This study evaluated the antioxidant
activity of MG and RTR plants grown from cold plasma treated seeds at different early growth periods and
their anticancer activities against A549 lung cancer cells. Plant seeds primed with cold plasma at 21 kV (for
MG) and 19 kV (for RTR) for 5 min were grown on vermiculite for 14, 21 and 28 days. Results showed that
RTR-P and MG-P (plasma-treated sceds) showed significantly higher ferric reducing antioxidant power
(FRAP) and total antioxidant phosphomolybdate activity than RTR-C and MG-C (control seeds). Highest
cytotoxicity (Emax) of 95.41% against A549 cells was found in MG-P of 14 days at 72 h exposure with ICs,
value of 67.11 pg/mL. Lower ICso of 30.93 ug/mL was found in RTR-P of 14 days at 72 h exposure and Emax
0f 93.38%. MG-P and RTR-P had significantly more pronounced effects on apoptosis and migration-related
gene expressions (Bax, Bcl-2, caspase-3, p21, MMP-9 and cyclin D1) and also protein expressions (caspase-3,
cytochrome ¢ and p21). The RTR-P extract was more cytotoxic and antiproliferative than MG-P in human
lung cancer cells. Cold plasma played a key role in enhancing cytotoxicity in these two plants with improved
chemopreventive benefits for consumers.
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Introduction

Lung cancer accounts for 14.1% of all cancers diagnosed in Thailand, with 70% of cases discovered after
discase progression (Reungwetwattana ez al., 2020). In 2018, mortality rate for lung cancer in Thailand was
18.7%, second highest after liver cancer at 20.3%. Non-small cell lung cancer and small cell lung cancer
(NSCLC and SCLC, respectively) are the two most common types of lung cancer based on the pathology.
Eighty-five percent of all cases of lung cancer are caused by NSCLC as the most frequent type (Ettinger ez 4/,
2012).

Surgical removal and radiation therapy are critical components of Thailand's multimodality lung cancer
treatment (Reungwetwattana ez al., 2020). Key issues and obstacles in cancer treatment in Thailand are
medication accessibility and a shortage of specialized healthcare workers such as medical oncologists, radiation
oncologists and thoracic surgeons.

Recently, increased research has been conducted on natural compounds that can be used as innovative
anticancer medicines against lung cancer. Cold plasma treatment on plant seeds grown into 7-day-old
microgreens of Brassica juncea (L.) Czern and Coss (mustard green; MG) and Raphanus sativus var. caudatus
(Thai rat-tailed radish; RTR) has proved a novel tool to increase bioactive compounds, bioactivities and
cytotoxicities against breast cancer and liver cancer cells (Luang-In ez al., 2021; Saengha ez al., 2021). Increased
risk of lung cancer has been linked to free radical-induced oxidative damage (Sharifi-Rad ez 4/, 2020), with
effective and natural alternatives to minimize oxidative damage and promote human health now focusing on
the manufacture of antioxidant supplements or foods.

No studies have documented the use of MG or RTR as bioactive compounds in the context of lung
cancer cells. Here, we examined the antioxidant activity and cytotoxic effects of MG and RTR grown from
untreated seeds and cold plasma-treated seeds on A549 human lung cancer cells.

Materials and Methods

Plant cultivation and cold plasma treatment

Punthawee mall shop (https://www.pwemallonline.com) provided the MG and RTR seeds. As
previously reported, MG and RTR seedlings (100 sceds/replicate/treatment) were treated in triplicate with
cold plasma voltage of 21 kV for MG and 19 kV for RTR for 5 min at the Faculty of Engineering
Srinakharinwirot University in Nakhon Nayok Province (Luang-In ez 4., 2021; Saengha et al., 2021). The
seeds were sprayed with 20 mL of deionized water every day and germinated in trays at 25 °C (12 h light/12 h
dark cycle) with light intensity regulated at 42 pmol/s/m? until harvest at 14, 21 and 28 days. The plants were
carefully cut 1 cm above the vermiculite surface for further analysis. RTR-P and MG-P were grown from
plasma-treated seeds while RTR-C and MG-C were grown from control seeds.

Plant extract preparation

The freeze-dried plants (10 g) were combined with 500 mL of 80% methanol, homogenized and
incubated for 24 h at 37 °C with constant shaking at 250 rpm. The samples were then centrifuged at 10,000g
for 15 min and filtrated. The supernatants were freeze-dried and then reconstituted in ethanol to obtain plant
extract solution at a stock concentration of 20 mg/mL for use in the antioxidant assays.

Ferric reducing antioxidant power (FRAP) assay
Ferric reducing antioxidant power (FRAP) reagent was prepared by combining 300 mM acetate buffer

pH 3.6, 10 mM 2,4,6-Tris(2-pyridyl)s-triazine solution in 40 mM HCI, and 20 mM iron(III) chloride solution
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in40 mM HClin a 1:1:10 (v/v) ratio, respectively (Luang-In ez al., 2021). After adding the FRAP reagent (180
uL), the extract solution (20 pL) was properly mixed and incubated in the dark for 30 min. The absorbance of

the samples was measured at 593 nm and compared to the reference iron (II) sulfate (Sigma, St. Louis, MO,

USA).

Phosphomolybdate assay (total antioxidant capacity)

Phosphomolybdenum was employed to measure the total antioxidant capacity (Umamaheswari and
Chatterjee, 2007). A 0.1 mL aliquot of plant extract solution was mixed with 1.0 mL of reagent solution (0.6
M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate) and stirred. A water bath was
used to incubate the test tubes for 90 min at 95 °C. The absorbance was measured at 765 nm using Trolox as a
reference.

Cancer cell culture

The A549 (ATCC* CCL-185™) human lung adenocarcinoma cells were obtained from the American
Type Culture Collections (Manassas, VA, USA). The Dulbecco© Modified Eagle Medium was supplemented
with 10% fetal bovine serum, 100 U/mL penicillin and 100 pug/mL streptomycin (Invitrogen, Carlsbad, CA,
USA) to grow A549 cells at 37 °C with 5% CO,. The DMEM was replenished every two or three days. The
cell lines were washed in pH 7.2 phosphate-buffered saline (PBS) and trypsinized with 0.25% Trypsin-EDTA
(Invitrogen, Carlsbad, CA, USA).

Plant extraction for cell cultures

Plant extraction was carried out following Luang-In e a/. (2021). Fresh plants (50 g) were pulverized
and mixed at 250 rpm for 2 h at 37 °C in 0.1 M citrate phosphate buffer (50 mL), pH 7.0. Dichloromethane
was then added in a 1:1 ratio to the mixtures for 30 min. The mixtures were centrifuged for 15 min at 10,000g
before being filtered, evaporated and freeze-dried. To obtain plant extract solutions, the dried materials were
resuspended with 1% dimethyl sulfoxide (DMSO)(Fisher Scientific, Loughborough, UK) at 1,000 pg/mL.
The extract solution was then filtered through a 0.22 pm millipore syringe filter to ensure sterility. Different
concentrations of plant extracts were prepared in serial dilution in DMEM including 3.91, 7.81, 15.6, 31.3,
62.5,125 and 250 pug/mL for MT'T assay. For other assays, serial dilutions of interest were prepared in DMEM
from a stock solution in the same manner.

Cytotoxicity assay

The A549 cells (5x10° cells/mL) were grown in 96-well plates for 24 h at 37 °C in 5% CO,. The plant
extract (0-250 pg/mL) was exposed to cancer cells for 24, 48 and 72 h. Next 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)(0.5 mg/mL) was added to the wells and incubated for 4 h before being
withdrawn and replaced with DMSO (200 L) to determine mitochondrial function, a key indicator of cellular
health. Tetrazolium MTT sale (yellow) is converted to MTT formazan (purple) in living cells by the
mitochondrial dehydrogenase enzyme. The absorbance (A) was measured at 590 nm. Emax (maximum

cytotoxicity (%)) and half maximal inhibitory concentration (ICso) values were also measured.

(Acontrol — Asample)

(Acontrol) x100

Emax =

An ICs result of less than 50 pg/mL indicates a high level of cytotoxicity. Furthermore, ICs values of
50-100, 100-200 and 200-300 pg/mL indicate moderate, weak and extremely weak cytotoxicity, respectively.
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Hematoxylin and eosin (H&'E) staining for cell morphology

Morphological effects of the plant extracts on cancer cell nuclear and cytoplasmic machinery were
studied qualitatively using H&E staining, Different mitotic phases of mitosis can be identified using H&E
staining of the nucleus (blue-purple) and cytoplasm (pinkish-red) (Boyd ez 4/.,2018). Control and treated cells
(5%x10° cells/mL) were grown for 24 h in 24-well microplates. Afterward, the cell medium was withdrawn and
the cells were washed with 1xPBS twice. The cells were then fixed with cold 70% ethanol for 20 min before
being rinsed twice with 1xPBS. After 15 min of hematoxylin (H) staining, three washes with 1xPBS were
applied. After that, another 15 min of eosin (E) staining was conducted, followed by three further washings in
1xPBS. The stained cells were dried and mounted with neutral gum. An inverted light microscope (NIB-9000,
Xenon, China) was used to examine cell morphology at magnifications of 100 and 400.

The HPLC analysis of phenolics and flavonoids

The 14-day-old MG and RTR plants showing the highest cytotoxicity toward A549 cells were chosen
for HPLC analysis of bioactive contents. The samples (1 g) were extracted for 12 h at 37 °C in HCl/methanol
(1:100) at 150 rpm in the dark (Chumroenphat ez 4/., 2021). The filtrates were then re-extracted using a
vacuum and 40 °C evaporation. Analysis of phenolic acids and flavonoids was conducted usinga Shimadzu LC-
20AC pump, SPD-M20A diode array detector and Inertsil ODS-3, C18 column. Acetic acid pH 2.74 (solvent
A) and acetonitrile (solvent B) were used as the mobile phase at a flow rate of 0.8 mL/min. The gradient elution
conditions followed Kubola and Siriamornpun (2011). Phenolic acids and flavonoids were detected using
ultraviolet (UV) diode arrays at wavelengths of 280 and 370 nm, respectively on the column at 38 °C. External
standard curves were used to determine the content. Retention periods and UV spectra of the samples were
compared to the standard compounds.

Clonogenic assay

A colony formation test was conducted to examine the influence of plant extracts on cancer cell
development. Viable cancer cells (800 cells/well) were planted in 6-well plates before exposure to plant extracts
(0,6.25,12.5,25,50 and 100 ug/mL) for 24 h. The cells were then rinsed with PBS and placed in fresh DMEM
for 14 days of culture. The DMEM medium was then discarded, and the cells were rinsed, fixed and stained for
1 h with 0.5% crystal violet. After washing, the colonies were photographed using a digital camera (Nikon
D50).

Migration wound healing assay

A549 cells with 100% confluency were given scratch wound markings followed by rinsing with PBS.
After exposure to plant extract (50 pg/mL), the cells were allowed to migrate for 24 and 48 h. An inverted
microscope was used to view the wound coverage, with the percentage of wounds covered determined as:

(wound area at 0 h — wound area at T h)

x100

Relati n I %) =
elative wound coverage (%) twound areaat o b)

Real-time polymerase chain reaction (PCR) analysis

Real-time PCR was used to examine apoptotic and migration-related mRNA alteration components
after 24 h of treatment with MG and RTR. The A549 cells (2x10° cells/well) were grown at 37 °C for 24 h in
6-well plates before exposure to plant extracts (50 pg/mL) for 24 h at 37°C. Total ribonucleic acid (RNA) was
isolated using TRIzol™ reagent (Thermo Fisher Scientific, IL, USA) and later converted to complementary
deoxynucleic acid (cDNA) by reverse transcriptase (iScript™ Reverse Transcription Supermix, Bio-Rad,
Hercules, CA, USA). The Fast Start Essential DNA Green Master (Roche Applied Science) was used in a
QuantStudio real-time PCR for quantitative RT-PCR (Applied Biosystems, Foster City, CA, USA). Primers
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for Bax, Bcl2, caspase-3, p21, MMP-2, MMP-9 and cyclin DI are presented in Table 1 with real-time PCR

conditions set as follows: denaturation at 94 °C for 10 min, annealing at 60 °C for 10 s, extension at 72 °C for
10 As for 45 cycles and then normalized to GAPDH expression levels.

Table 1. Primers for real-time PCR analysis

Gene Primer Sequence (5'->3') Size (bp)

Forward CACTGCCAACGTGTCAGTGGTG

GAPDH Reverse GTAGCCCAGGATGCCCTTGAG 121

Bax Forward TGCTTCAGGGTTTCATCCAG 170
Reverse GGCGGCAATCATCCTCTG

Bel2 Forward AGGAAGTGAACATTTCGGTGAC 149
Reverse GCTCAGTTCCAGGACCAGGC
Forward GGCGCTCTGGTTTTCGTTAAT

caspase-3 121
Reverse TCCAGAGTCCATTGATTCGCT

p21 Forward AGTCAGTTCCTTGTGGAGCC 109
Reverse GCATGGGTTCTGACGGACAT

MMP-2 Forward TTGACGGTAAGGACGGACTC 153
Reverse ACTTGCAGTACTCCCCATCG
Forward TTTGACAGCGACAAGAAGTG

MMP-9 Reverse CAGGGCGAGGACCATAGAGG 208

cyclin D1 Forward ATCTCTGTACTTTGCTTGCT 564

Protein extraction and Western blot analysis

Western blot was used to examine apoptotic and migration-related protein alteration components after
24 h of treatment with MG and RTR. The A549 cancer cells were sown in 6-well plates and exposed to plant
extracts (50 pg/mL) for 24 h. The cells were then lysed in RIPA buffer (50 mM Tris-Cl pH 7.4, 150 mM NaCl,
1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS) containing protease and phosphatase inhibitor cockeail
(Roche, Penzberg, Germany) for 30 min on ice, and centrifuged at 14,000g for 15 min at 4 °C to remove any
debris. A BCA protein kit test was used to measure protein content in the supernatant (Thermo Fisher
Scientific, IL, USA). The gel was electrophoretically transferred to a nitrocellulose membrane and a protein
sample of 25 pg was resolved by SDS-PAGE utilizing 12% polyacrylamide gel electrophoresis (Amersham
Pharmacia Biotech, Piscataway, NJ, USA). Tris buffered saline with 0.1% Tween-20 (TBST) was used to block
the membranes for 1 h at room temperature before primary antibody (Boster Biological Technology, Inc.,
Wuhan, China) incubation. The membranes were washed three times with TBST and incubated for 1 h at
room temperature with goat anti-rabbit and goat anti-mouse secondary Ab conjugated with horseradish
peroxidase (1:5000). For chemiluminescent detection, the membranes were washed in TBST and subjected to
Amersham ECL TM Prime. MageQuant TL 400 was used to visualize the unique protein band densities. All
experiments were performed in triplicate using -actin expression as a housekeeping protein loading control.

Statistical analysis

Mean + standard deviation (SD) data were collected in three separate experiments. The statistical
program SPSS (demo version) was used to perform one-way analysis of variance (ANOVA) and Duncan’s
multiple range test. Differences were considered statistically significant at p < 0.05.
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Results

Antioxidant activity

The FRAP value of 26.79 mg Fe(II)/g extract from MG-P at 21 days was significantly higher than MG-
C and MG-P values for other days (Figure 1A). Likewise, the highest total antioxidant phospholybdate activity
(TAPA) of48.45 mg TE/gextract) was found in MG-P at 21 days (Figure 1B). However, FRAP values of RTR-
P at 14,21 and 28 days were similar with the highest value of 32.17 mg Fe(II)/g extract at 14 days (Figure 1C).
Similarly, TAPA values at 14, 21 and 28 days were similar, with the highest 56.26 mg TE/g extract at 21 days
(Figure 1D). The growth period that gave the highest antioxidant activity was 21 days for both plants. All MG-
P and RTR-P had significantly higher antioxidant activity than their MG-C and RTR-C counterparts,
indicating that cold plasma treatment on seeds enhanced the antioxidant activity of the plants.
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Figure 1. Antioxidant activity assessment; (A) FRAP value of MG; (B) Total antioxidant activity of MG;
(C) FRAP value of RTR; (D) Total antioxidant activity of RTR

Statistical significance (p < 0.05) is shown by different letters

Cytotoxicity

Results in Table 2 showed that MG-P at 14 days had the highest Emax of 95.41%, with ICsovalue 67.11
ug/mL.

The lowest ICsq value of 59.68 pg/mL was found in MG-C at 21 days. Likewise, RTR-P at 14 days and
21 days displayed similar and highest Emax values of 93.38% and 93.65%, respectively with the lowest ICso
value of 30.93 pg/mL from RTR-P at 14 days. The ICso value of RTR-P at 14 days was 30.93 pg/mL,
demonstrating high cytotoxicity against A549 cells. The 14-day RTR-P showed considerable promise as a
source of natural anticancer medicines. Thus, 14-day-old plants of both MG and RTR (from control and
plasma-treated seeds) were selected for further experiments.

Decrease in A549 cell density and increase in nuclear condensation and apoptotic bodies were detected
in H&E staining of treated A549 cells for both control and plasma-treated seeds when plant extract
concentration increased (Figure 2). These findings showed that MG and RTR extracts induced apoptosis in
A549 cells in a dose-dependent manner.
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The H&E staining revealed marked morphological alterations in MG and RTR-treated cells in
comparison with untreated cells, and compromised cell density in a dose-dependent manner (Figure 2).
Untreated cells were confluent, with dense population and normal division of the majority of cells in the
interphase, while treated cells increased in the metaphase showing visible apoptotic characteristics such as
shrunken cells, membrane blebbing and apoptotic bodies indicative of cell death via apoptosis (Figure 2).

Table 2. Emax (%) and ICso of MG and RTR extract on A549 cells

MG extract on AS549 cells RTR extract on A549 cells
Incubation time

Treament ) Emax (%) ICso (ug/mL) Emax (%) ICso (ug/mL)

24h 93.00+0.22° 129.50+2.13' 91.18+0.51° 98.40+4.028

Control 14 days 48 h 94.33+0.12¢ 91.92+3.54¢ 93.29+0.26 86.17+8.86
72h 94.22+0.11* 90.73+£7.21¢ 93.20+0.08* 70.94+3.58¢

24h 91.37+0.56 113.27+1.868 90.79+0.58" 126.3342.06'

Control 21 days 48 h 93.69+0.24* 84.65+2.93¢ 93.12+0.07* 97.71£7.058
72h 93.83+£0.19* 59.68+1.94° 92.89+0.08* 77.32+£3.93¢

24 h 92.02+0.84° 125.80+6.56" 91.92+0.27" 139.70+5.05

Control 28 days 48h 91.52+0.73" 97.16+2.94° 92.57+0.38" 111.90+6.56"
72h 93.04+1.37° 103.10+3.04 92.21+0.19* 111.23+7.32"

24 h 90.97+0.50¢ 91.01+£0.73¢ 90.83+1.18° 43.03+3.37¢

Plasma 14 days 48 h 93.75+£0.20* 69.04+4.26° 92.39+£0.15° 34.37+2.88"
72h 95.41£0.07* 67.11+6.34° 93.38+0.01* 30.93+0.36

24h 90.74+0.59¢ 104.43+4.41F 92.50+£0.19* 74.77£1.77¢

Plasma 21 days 48 h 88.46+2.67¢ 103.27+4.38" 92.60+0.08" 57.43%5.69
72h 90.89+0.67° 91.7247.66¢ 93.65+0.18° 34.92+4.23P

24 h 89.32+1.19¢ 104.29+6.52f 91.91+0.08° 144.53+4.82%

Plasma 28 days 48 h 91.62+0.1b* 110.89+7.288 91.21+0.40° 131.5745.01
72h 90.45+0.95° 71.81+2.40¢ 90.45+0.95 71.81+2.40¢

b.c- represent statistical significance in the columns at p < 0.05.

The HPLC analysis of bioactive contents

Results showed that cold plasma impacted bioactive contents in MG and RTR (Table 3). The only
flavonoid detected in all samples as myricetin was richer in RTR. MG contained five phenolic acids. Ferulic
acid was present in RTR only. Cold plasma significantly increased the contents of chlorogenic acid, caffeic acid

and ellagic acid in MG-P. Likewise, cold plasma seed treacment enhanced ferulic acid and ellagic acid contents

in RTR-P.

Table 3. Flavonoid and phenolic acid content

Sample Compound (mg/g DW)
MG-Cléddays |  MG-P 14days | RIRCl4days |  RTR-P l4days
Flavonoid
Myricetin | 0.0046+0.0001%< [ 0.0047+0.0011% | 0.0162+£0.0014* |  0.0110+0.00124®
Phenolic acid
Catechin 0.0034+0.0009 B+ 0.00180.0002 ND ND
Chlorogenic acid 0.0016+0.0005 ©b 0.001940.0003 ¢* ND ND
Caffeic acid 0.0008+0.0001 P 0.001240.0002 P2 ND ND
Syringic acid 0.0003+0.0000 0.0002+0.0000 £ ND ND
Ferulic acid ND ND 0.0006+0.0001 < 0.0026+0.0009 B+
Ellagic acid 0.0034+0.0009 B4 0.0066+0.0010 *< 0.0092+0.0012 B> 0.0107+0.0011 **

a,bandc

Results are expressed as mean + S.D. across three independent experiments. ND = not detected.

represent statistical significance in rows at p < 0.05. 4% represent statistical significance in columnsat p < 0.05.
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Antiproliferative and antimigratory activity

Results showed that 14-day-old MG control had an ICsovalue of 107.57 ug/mlL, and significantly higher
than 67.26 pg/mL of 14-day-old MG plasma (Figure 3A and 3B). Likewise, 14-day-old RTR control displayed
a higher ICsovalue of 78.73 pg/mL than RTR plasma of 19.59 pg/mL (Figure 3C and 3D). This indicated that
RTR exhibited a significantly stronger antiproliferative effect against A549 cells than MG.
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Figure 4. Antimigratory activity of MG and RTR extracts of 14-day old plants using a wound healing assay;
C = control; P = Plasma. Different leteers indicate statistical significance in the bars at p < 0.05

Both MG and RTR extracts substantially inhibited A549 cell migration and decreased wound coverage.
After only 24 h, the control covered 50% of the migratory area, whereas the treated samples only covered 40%
(Figure 4). After 48 h, cells treated with MG-C and RTR-C extracts covered 72.7% and 63.6 % of the migratory
region, respectively compared to 100% for the control. In MG-P and RTR-P, wound coverage decreased to
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54.5% and 50.0%, respectively indicating higher antimigratory impacts (Figure 4). When compared to
untreated cells, percentages of migratory regions of MG and RTR-induced A549 cells were considerably lower.

Apoptosis and migration-associated gene and protein expressions

Real-time PCR findings revealed that MG-P and RTR-P substantially affected all examined genes Bax,
Bcl-2, caspase-3, p21, MMP-9 and cyclin DI compared to untreated cells, except for MMP-2 in MG (Figure SA
and 5B).

Similarly, MG-P and RTR-P significantly influenced cytochrome ¢, caspase-3 and p21 protein
expression compared with untreated cells (Figure 5C and 5D). However, RTR-P resulted in more pronounced

changes (more fold increase/decrease) in gene and protein expressions than MG-P in accordance with lower
ICsovalues of RTR-P in MTT and clonogenic assays.

Bax, caspase-3 and p21 mRNA levels significantly increased, indicative of apoptosis induction and
activation of the caspase-cascade response, while Bc/-2, MMP-9, MMP-2 and cyclin DI levels decreased,

indicative of apoptosis induction, antimigratory activity due to downregulation of MMP-2 and MMP-9 and
cell cycle arrest at G1/S transition. MG-P and RTR-P exhibited potential as antitumor drugs.
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Discussion

This is the first report detailing the antioxidant activity of MG and RTR plants grown from cold plasma
treated seeds at the early stages of growth (14, 21 and 28 days) and their anticancer activities against A549 lung
cancer cells. Key findings highlighted that RTR-P and MG-P (plasma-treated seeds) had significantly higher
antioxidant and anticancer activity against A549 cells. The MG-P of 14 days at 72 h with ICs value of 67.11
ug/mL displayed the highest cytotoxicity at 95.41%, while RTR-P of 14 days at 72 h and 93.38% cytotoxicity
had the lowest ICso of 30.93 ug/mL. Cold plasma treatment on seed priming produced plants with higher
impacts on apoptosis and migration-related gene expressions (Bax, Bcl-2, caspase-3, p21, MMP-9 and cyclin
D1I) and also protein expressions (caspase-3, cytochrome ¢ and p21). MG and RTR plant extracts displayed
apoptotic-inducing properties and antiproliferative and antimigratory activities that were considerably
enhanced by cold plasma treatment on seeds. RTR was more effective against A549 cells than MG.

Two experiments were performed to assess antioxidant activity. The FRAP test measures the ability of
antioxidants to reduce ferric iron. The ferric-TPTZ complex is transformed into a blue ferrous-TPTZ complex
by the transfer of a single electron from antioxidant molecules. Antioxidant capacity of the plant extracts was
assessed using the phosphomolybdate method (Wan ez al, 2011). A green phosphomolybdenum V complex
with maximum absorbance of 695 nm is formed when antioxidants convert Mo (VI) to Mo (V). The FRAP
value 0f26.79 mg Fe(II)/g extract from MG-P at 21 days was significantly higher than MG-C and MG-P values
for the other days (Figure 1A) and when compared to MG-P of 7 days (13.57 mg Fe(II)/g extract) in our
previous study (Sacngha ez al., 2021). The FRAP values of RTR-P at 14 days of 32.17 mg Fe(Il)/g extract
(Figure 1C) were significantly higher than RTR-P at 7 days (21.72 mg Fe(II)/g extract) reported in Luang-In
etal. (2021).

Cold plasma treatment on seeds enhanced the antioxidant activity of several plants. Basil (Ocimum
basilicum L. cv. Genovese Gigante) showed improved antioxidant activity following seed priming with 10 and
15 kV cold plasma for 10 min (Abarghuci ez a/., 2021). In theory, plasma-reactive oxygen species might increase
the antioxidant activity of phenolic compounds (Ramazzina ez 4/, 2015). Cold plasma on seed priming may
alter polyphenol production in plants during the sprouting phase, which also produces metabolites including
flavonoids, phenolic acids, proanthocyanidins and ellagitannins (Schendel, 2018). A deposit of bioactive
constituents such as polyphenols occurs as a consequence of radical oxidant activity and physiological processes
inside seeds (Ji ez al., 2015). However, the reasons why only certain types of compounds increase while others
decrease or remain unchanged are unclear.

RTR-P was more effective in cytotoxicity (Table 2), antiproliferation (Figure 3) and antimigration
(Figure 4) of A549 cells than MG-P. Ferulic acid was only found in RTR and myricetin was richer in RTR than
in MG (Table 3). Cold plasma enhanced the contents of ferulic acid and ellagic acid in RTR-P. Ferulic acid
derivatives were previously used to restrict A549 cell growth and metastasis, and also induced cell cycle arrest
in the GO/G1 stage. Based on Western blotting data, ferulic acid derivatives increased the expression of Bax but
inhibited MMP-2 and MMP-9 (Yue ez al., 2019). Myricetin also displayed anticancer activity by delaying cell
cycle progression and ROS-dependent mitochondria-mediated death in A549 cells (Rajendran ez a/., 2021).

Recently, HPLC chromatograms of pod extract in dichloromethane from Thai rat-tailed radish showed
the presence of protocatechuic acid, p-hydroxybenzoic acid, caffeic acid and ferulic acid (Yongpradoem and
Weerapreeyakul, 2020). Compared to our results, 14-day-old RTR plant extracts in ethanol from RTR
contained myricetin, ferulic acid and ellagic acid (Table 3). Differences in the contents may be due to the
solvent, different parts of plants and plant growth periods used for extraction. Polyphenols such as gallic acid,
sinapic acid, caffeic acid, vanillic acid, p-coumaric acid, p-hydroxybenzaldehyde, ferulic acid, rutin, catechin,
protocatechuic acid, p-hydroxybenzoic acid and chlorogenic acid have been identified in different mustard

varieties (Tian and Deng, 2020). The polyphenol content of mustard differed significantly in various parts of
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the plant. The MG contained the five phenolic acids catechin, chlorogenic acid, caffeic acid, syringic acid and
ellagic acid and a flavonoid, myricetin (Table 3), as found in previous studies.

The ethanolic extract of Brassica nigra seeds showed significant growth-inhibitory impact, reducing the
viability (ICso of 32.02 pg/mL) and clonogenic survival of A549 cells and inducing apoptosis, as demonstrated
by elevated caspase-3 activity, while migratory and invasive capabilities of A549 cells were also inhibited by the
downregulation of MMP-2 and MMP-9 (Ahmed ez 4/., 2020).

Compared with a previous report (Ahmed ez 4/, 2020), our ICso value of 59.68 pg/mL from MG-C of
21 days (Table 2) was much higher than from B. zigra seed extract, indicating that the seed extract was more
effective as an antitumor. Isothiocyanates, phenolic acids and flavonoids of both plants may contribute to the
cytotoxic  property. The active ingredients  of MG were allyl isothiocyanate and 3-
butenyl isothiocyanate (Saengha ez al., 2021). B. nigrasceds contained allyl isothiocyanate, an essential
constituent with anticancer activities in human lung cancer. Isothiocyanates are formed by the hydrolysis of
their precursor molecules, glucosinolates. Thus, MG phytochemicals may have synergistic effects on
antiproliferative, proapoptotic and antimigratory actions.

Ethanolic extracts of roots and leaves from Saudi Arabian-grown white radish R. sazivus suppressed the
growth of A549 and MCF-7 cells by inducing apoptosis (Noman ez 4/, 2021). An ICs, value of 217 pg/mL
against A549 cells was observed in roots, whereas a value of 250.6 ug/mL was obtained in leaves, suggesting that
the root extract had greater cytotoxic ability. Raphasatin and other flavonoid chemicals in RTR may be
responsible for this antiproliferative action (Sangthonger /., 2017; Luang-In ez al., 2021).

A colony formation assay, commonly known as a clonogenic test, is an iz vizro test for cell survival that
measures the ability of a single cell to endure and multiply by establishing colonies over a lengthy period of time
(Franken ez al., 2006). As a result of its phenotypic implications, this is an essential trait that may need many
cell divisions to develop. A short-term cytotoxicity test like the MTT assay cannot reveal drug resistance, which
is why a clonogenic test is important (Sumantran, 2011). From our results, A549 cells had no resistance over
the course of 14-day treatment (Figure 3) against both plant extracts, which could be used as potential
anticancer reagents. Cold plasma treatment on seeds also enhanced the antiproliferative activity of plant
extracts.

Cell migration is commonly studied using the wound healing test since this is low-cost with a practical
design (Bobadilla ez 4/, 2019). Once the cell monolayer is confluent, the area in the monolayer is scratched.
The cells are allowed to migrate and the scratched region is recolonized. Pharmacological agents with molecular
mechanisms that modulate cell migration and hence drive treatment regimens are intensively studied using this
experimental technique (Decaestecker ez al., 2007; Walter ez al., 2010). E-cadherin depletion and increased
metalloproteinases (MMP-2 and MMP-9) are hallmarks of cancer invasion and metastasis (Gonzalez-Avila ez
al.,2019). The transcriptional downregulation of MMP-2 and MMP-9 by MG-P and RTR-P extracts (Figure
5A and 5B) provided further evidence of the possible prevention of A549 cell migration (Figure 4).

One of the most well-studied aspects of cell homeostasis is apoptosis, or programmed cell death, which
is present in a wide range of organisms. Several molecules, including members of the Bcl-2 family of proteins,
control the caspase cascade, a critical step in cell death. Caspase family proteases may be triggered by the death
receptor-mediated route as well as by the mitochondrial-dependent mechanism.

Here, caspase-3 was activated by MG-P and RTR-P in real-time PCR and Western blot analyses (Figure
5), indicating that the cells had gone through apoptosis. An analogous set of outcomes was achieved using
mustard oil-derived allyl isothiocyanate (Fadhil e 4/, 2020). As we hypothesized, MG-P and RTR-P induced
cell death by activation of the caspase cascade.

The abnormal growth of cancer cells is attributed to deregulation of the cell cycle, which results in
misregulation of cell cycle-related proteins. Cell cycle progression, especially the G1/S transition phase, is
tightly controlled by cyclin D1. Cyclin D1 is overexpressed in breast carcinoma, correlating with early cancer
onset and tumor progression (Montalto ez al., 2020). When the p21 protein interacts with several stimuli,
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including p53, the DNA repair process may cause the cell cycle to be arrested. Apoptosis-inhibiting p21
interacts with a variety of molecules and transition factors to prevent tumor growth. Results showed that MG-
P and RTR-P inhibited the development of cancer by increasing p21 level (Figure 5).

Several additional variables influence caspase activation. Among these, Bcl-2 family members have a key
function in cither suppressing (Bcl-2, Bel-xL) or encouraging cell death (Bax, Bak)(Kale ez 4/, 2018). In our
study, the mRNA level of Bax increased, while the Bc/-2 level decreased (Figure SA and 5B). The heme protein
cytochrome ¢, a proapoptotic protein, was also upregulated based on Western blot. Cytochrome c is released
into the cytoplasm during apoptosis and binds to and activates Apaf-1, enabling the ring-like apoptosome to
be formed and ATP binding. Caspase-3, 6 and 7 are all important participants in the execution phase of cell
death, while caspase-9 is responsible for their activation (Li ez a/., 1997). MG-P and RTR-P induced apoptosis
in human lung cancer cells 77 vitro through a molecular mechanism partially explained by our findings.

Based on our data we conclude that MG-P and RTR-P may decrease the growth of A549 human lung
cancer cells and cause apoptosis. Caspase cascades may be activated and Bax, caspase-3 and p21 expressions may
be increased, whereas Bcl-2, Bcl-2, MMP-9, MMP-2 and cyclin D1 expressions may be decreased as a result of
stimulating apoptosis. MMP-2 and MMDP-9 expressions may also be downregulated as part of the molecular

mechanism. Our results support the use of MG-P and RTR-P as chemopreventative functional foods.

Conclusions

Cold plasma technology for seed priming is a novel tool and still in its infancy, with many potential
applications in horticulture. MG and RTR cold plasma treated seeds showed a substantial reduction in the rate
of cell division of human lung adenocarcinoma A549 cells, while MG-P and RTR-P stimulated apoptosis and
caspase activation and limited migratory activity, highlighting their promise as anticancer functional foods.
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