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Abstract: Lung cancer (LC) remains a major cause of cancer-related deaths worldwide. In this study,
we explored how barley B-glucan (BBG) inhibits lung cancer cells (A549) using in vitro experiments
and computer-based modeling to evaluate its therapeutic and antioxidant properties. This research is
unique in its focus on B-glucan derived from cereal grains, an area that has received less attention
compared to B-glucan from other sources. The structure of the extracted BBG was confirmed using
FTIR and UV-vis spectroscopy techniques. Several antioxidant tests, including DPPH and FRAP
assays, as well as other radical-scavenging methods, demonstrated that BBG effectively neutralizes free
radicals. Computer simulations, such as molecular docking and PPl mapping, indicated that BBG binds
strongly to key proteins involved in cancer development. In vitro tests on A549 cells showed significant
cell death and increased reactive oxygen species production, while BBG exhibited minimal cytotoxicity
to healthy L929 cells and almost no toxicity to RBCs. These findings suggest that BBG has considerable
potential as a natural compound with both antioxidant and anticancer properties, making it a promising
candidate for future therapeutic applications in LC treatment.

Keywords: anticancer; antioxidant; barley B-glucan; molecular docking; network pharmacology;
apoptosis.

© 2026 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. The authors retain copyright of
their work, and no permission is required from the authors or the publisher to reuse or distribute this article, as long as proper
attribution is given to the original source.

1. Introduction

Lung cancer (LC) is a cause of cancer morbidity and mortality worldwide, accounting
for a substantial proportion of cancer diagnoses and deaths, nearly one in eight (12.4%) and
one in five (18.7%), respectively, in 2022 [1]. In terms of incidence and mortality, LC ranks
highest among males and comparatively lower among females, with significant regional
variations. Tobacco use remains the predominant etiological factor. Among histological
subtypes, adenocarcinoma has emerged as the most prevalent form globally, surpassing
squamous cell carcinoma (SCC) in both men and women [1].

B-glucans (BG) are major structural polysaccharides present in the cell walls of
microorganisms such as yeast and mushrooms, as well as in cereals like oats and barley. They
are glucose polymers connected through p-(1,3)-glycosidic linkages with species-specific side
branches, primarily p-(1,4) or B-(1,6), that determine their biological activity [2,3]. Barley-
derived B-glucan (BBG) contains mixed (1,3) and (1,4) B-D-glucopyranose linkages,
contributing to its solubility and distinctive functional properties [4,5]. Previous research has
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shown that BBG can regulate blood cholesterol and glucose levels, reduce visceral fat, and
exert cardiovascular benefits [6].

While B-glucans from non-cereal sources such as fungi and yeast have been widely
investigated for their immunomodulatory and anticancer properties [7], cereal-derived B-
glucans, particularly those from barley, remain underexplored in oncology. Given their unique
structural linkages, BBGs may interact differently with cellular receptors, thereby modulating
oxidative stress and influencing apoptosis in cancer cells. Existing LC treatments, such as
surgery, chemotherapy, radiotherapy, and immunotherapy, although effective, are often
associated with severe side effects and limited selectivity, underscoring the need for safer and
natural therapeutic alternatives [8].

Despite emerging evidence of BBG's therapeutic potential, studies delineating its
molecular mechanisms, pharmacokinetic behavior, and cytotoxic selectivity against LC are
limited [9-12]. This research, therefore, aimed to investigate the antioxidant, anticancer, and
hemocompatibility potential of extracted BBG against lung cancer (A549) and normal (L929)
cell lines through in vitro and in silico analyses. The study also hypothesizes that the mixed f3-
(1,3)/(1,4) glycosidic linkages of BBG contribute to its anticancer efficacy by modulating
redox balance and interacting with key molecular targets involved in LC progression.

2. Materials and Methods

2.1. Reagents and chemicals.

Anthrone reagent, DPPH (2, 2-Diphenyl-1-picrylhydrazyl), sulphuric acid, sodium
carbonate, hydrochloric acid, ferric chloride, TPTZ, sodium acetate, potassium persulphate
(K2S20s), ABTS (2,2-Azino-bis (3-ethylbenzothiazoline-6 sulfonic acid), hydrogen peroxide,
sodium phosphate dibasic, ascorbic acid, potassium phosphate monobasic (KH2PQOs), acridine
orange, and ethidium bromide were purchased from HiMedia. MTT, Hoechst, DCFDA, and
propidium iodide dye (Invitrogen) were purchased from Thermo Fisher Scientific.

2.2. Cell culture and maintenance.

Human lung adenocarcinoma (A549) and healthy fibroblast L929 cells were purchased
from the National Centre for Cell Science (NCCS, Pune, India). Cells were cultured in DMEM
supplemented with 10% FBS and 1% antibiotic-antimycotic solution (Gibco™ Thermo Fisher
Scientific) at 37°C in a humidified incubator with 5% COs..

2.3. In-silico analysis of barley s-glucan.

2.3.1. ADME properties of B-glucan.

The pharmacokinetic profile of BBG was predicted using pkCSM
(https://biosig.lab.ug.edu.au/pkcsm/prediction) [13] and SwissADME pharmacokinetics
(http://www.swissadme.ch/index.php#1) [14], which evaluates drug-likeness and ADME
characteristics.

2.3.2. ProTox-3.0-prediction of toxicity.

ProTox-3.0- Prediction of Toxicity of Chemicals
(https://tox.charite.de/protox3/index.php?site=home) [15] was employed to assess the toxicity

https://biointerfaceresearch.com/ 2 of 27


https://doi.org/10.33263/BRIAC162.056
https://biosig.lab.uq.edu.au/pkcsm/prediction
http://www.swissadme.ch/index.php#1
https://tox.charite.de/protox3/index.php?site=home

https://doi.org/10.33263/BRIAC162.056

prediction of BBG. ProTox 3.0 employs molecular similarity and machine learning models for
assessing acute, organ, and clinical toxicity.

2.3.3. Target prediction.

Using the SwissTargetPrediction database (http://www.swisstargetprediction.ch/),
[16,17] potential candidates of BBG were retrieved. Briefly, the BBG canonical smile was
obtained from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and imported, and
match targets were obtained and saved in a CSV file format.

2.3.4. Candidate target collection.

Lung cancer-related targets were retrieved from the GeneCard database
(https://www.genecards.org/) [18] and compiled in Excel format for comparative analysis.

2.3.5. Venny 2.1.0.

Venny 2.1.0 database (https://bioinfogp.cnb.csic.es/tools/venny/) was used to identify
common targets between BBG and LC through a Venn diagram analysis.

2.3.6. Protein-protein interaction (PPI) network.

String database version 12.0 (https://string-db.org/) [19] was used to construct the PPI
network, which was then visualized and refined in Cytoscape 3.10.2 software via the STRING.

plug-in
2.3.7. C-T-P network construction.

Cytoscape 3.10.2 software [20]. To study the association between BBG and GeneCard
targets, a C-T-P network was constructed using Cytoscape 3.10.2 software with plug-in
(CytoNCA), and the corresponding nodes were ranked according to the degree values, and
targets with degree> 8 were selected for downstream analysis.

2.3.8. Molecular docking.

Top targets (e.g., CDK1) were obtained from the Protein Data Bank database
(https://www.rcsb.org/) [21]. The 3D structure of BBG was downloaded from PubChem
(https://pubchem.ncbi.nlm.nih.gov/). Molecular docking was performed with AutoDockTool-
1.5.7. The protein structures were prepared by adding polar hydrogens and Kollman charges.
The ligand was imported, purified, and both were saved in PDBQT format. Active sites were
identified by CASTp 3.0 (http://sts.bioe.uic.edu/castp/index.html?3igg) [22], and a GRID box
was generated accordingly. The resulting docked complexes were saved in PDB format and
visualized in Discovery Studio Visualizer V21.1.0.20298 (BIOVIA) [23].

2.3.9. BIOVIA (Discovery Studio client 2021).

Discovery Studio Visualizer V21.1.0.20298 (BIOVIA) was used for protein ligand
interaction visualization and for generating 2D/3D publication-quality figures.
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2.4. f-glucan extraction from barley.

BG extraction using the previously described protocol [24]. Deactivation of barley flour
was done at 80°C with 75% EtOH. 20g deactivated barley flour was mixed with 200mL of
distilled water (pH-8.0 with Na>CO3), stirred 30 min at 55°C. After that, centrifugation was
done at 2000 g, 10 min, 4°C. The supernatant (1) was retained and cooled at 20°C, while pellets
were again mixed with distilled water (pH 10 with Na,COz) and stirred (30 min at 40°C).
Again, centrifugation was done at 2000 g, 10 min, 4°C. The supernatant (2) was retained and
cooled at 20°C. Supernatants (1) and (2) were mixed together, and the pH was adjusted to 4.5
with 20% HCI using a vigorous stirrer. Again, centrifugation was done at 2000 g, 10 min, 4°C,
and the supernatant was retained and cooled at 10°C, and an equal volume of 100% chilled
ethanol (EtOH) was added. Again, centrifugation was done at 2000 g, 10 min, 4°C. The pellet
was retained, and air dried at RT for 3h and then hot dried at 60°C in a hot air oven.

2.5. Characterization of isolated barley g-glucan.

2.5.1. Anthrone test.

Carbohydrate content was quantified using the anthrone method [25] with glucose as
the standard, with minor adjustments. Firstly, a glucose standard solution (1 mg/mL) was
prepared and then diluted to create glucose concentrations ranging from 100-1000 pg/mL; the
same was done for BBG, along with an unknown sample (BBG). A freshly prepared 0.2%
anthrone reagent in sulfuric acid (3 mL) was added to each test tube. The tubes were placed in
a water bath at 90°C for 10 minutes, during which the carbohydrates reacted with concentrated
sulfuric acid to produce furfural. Absorbance was measured at 630 nm using a multimode
microplate reader (Synergy H1, BioTek, USA).

2.5.2. Quantification of barley B-glucan by aniline blue staining.

Quantification of BBG through aniline blue staining was assessed in accordance with a
previously reported protocol [26]. 1M NaOH was used to prepare the sample in various
aliquots, from which 300ul of the sample was mixed with 6 M NaOH. Additionally, the BBG
aliquots were heated (80°C, 30 min) in a water bath. Afterward, the sample was incubated at
50°C for 30 min, and 630 pL of aniline blue (21 portions 1 mol/L hydrochloric acid, 59 portions
1 mol/L glycine buffer at pH 9.0, 40 portions aniline blue solution 0.1% in water) was mixed
and then incubated at RT for 30 min. The sample's fluorescence was measured at excitation
and emission wavelengths of 400 and 500 nm, respectively.

2.5.3. Fourier transform infrared spectroscopy.

For the functional group examination of the BBG, FTIR analysis was used to confirm
the nature of the compound. Using the OPUS software, 32 scans ranging from 4000 to 500
cm™* were conducted for the BBG FT-IR analysis on the Bruker ALPHA Il small FT-IR
spectrometer [27].

2.5.4. UV-Visible spectroscopy.

UV-Vis spectroscopic examination for the presence of the distinctive absorption peak
of BBG was performed using the previously reported [28] protocol, utilizing a UV-Vis

spectrophotometer (UV-1900i, Shimadzu, Japan). The sample was prepared at 1 mg/mL in
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distilled water, and a spectrophotometric scanning spectrum was obtained at a wavelength of
200-700 nm.

2.6. Antioxidant activity determination.

All antioxidant assays were conducted in triplicate (n=3) with Ascorbic Acid (AA) as
the standard and distilled water as the blank. Data were represented as mean + SD.

2.6.1. DPPH assay.

In the DPPH assay, evaluate the FRSA of the compound. The DPPH free radical
scavenging activity was determined following the method [29]. 0.1mM DPPH was mixed in
methanol to prepare DPPH. 2 mL of it was then mixed with various aliquots (20-100 pg/mL)
of the extracted BBG. Aliquots were then incubated in the dark (30 min), and absorbance was
taken at 517 nm using a multi-mode microplate reader (Synergy H1, BioTek, USA). % Radical
scavenging activity was calculated using the following equation:

Absorbance of control-Absorbance of sample

RSAY% = x 100 1)

Absorbance of control
2.6.2. Reducing power assay (RPA).

To assess the reducing power (Fe*®) to ferrous ion (Fe*?) of BBG, RPA was performed
according to the method [30] described with slight modification. Briefly, 2.5 mL of the various
aliquots of the extracted BBG were obtained and prepared in distilled water (DW). 2.5 mL of
phosphate buffer (PB) (0.2 M, pH=6.6), and 2.5 mL of 1% potassium ferrocyanide [KsFe
(CN)s] were added, then the reaction was thoroughly mixed and incubated (50°C, 20 min) on
a water bath. Afterward, 2.5 mL of Trichloroacetic acid (TCA), 10% (w/v) was mixed in each
tube and centrifuged (Thermo Scientific Sorvall ST8R, USA) at 3000 rpm, 5-6 minutes at 4°C.
After centrifugation, the upper layer (2.5 mL) was taken, and 2.5 mL of DW was added and
mixed properly. Further 0.5 mL (500 pl) of FeCls (0.1 % wi/v) was also added a bluish-colored
solution was formed, and O.D. was taken at 670 nm wavelength on a multimode microplate
reader (Synergy H1, BioTek, USA).

2.6.3. Hydrogen peroxide (H20,) scavenging activity.

H2>0, scavenging activity potential was investigated according to the previously
described method [30]. BBG was taken in different concentrations and suspended in phosphate
buffer. A 43 mM H20O> solution was prepared in phosphate buffer (0.1 M, pH 7.4). Prepared
concentrations of BBG were then taken in the amber-colored Falcon tube. Then, 3.4 mL of
phosphate buffer (0.1 M) was mixed into each tube, and 0.6 mL (600 puL) of 43 mM H20-
solution was added and incubated for 15 min at RT. The absorbance was taken on a UV-visible
spectrophotometer (UV 1900i, Shimadzu, Japan) at 230 nm. H2O> solution (without extract)
was taken as a control. The % H»>O> scavenging activity was calculated using the following
equation.

% Scavenged [H202] =

Absorbance of control-Absorbance of sample

x 100 )

Absorbance of control

2.6.4. ABTS assay.
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The antioxidant activity of BBG was also assessed using the 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assay as previously
described [30]. In brief, the ABTS+ radical solution was prepared by adding 2.4 mM potassium
persulphate and 7 mM ABTS solution in an equal ratio and keeping them in the dark at RT
(25°C) for 24 h. Later, the prepared ABTS+ reagent was diluted with DW to obtain an
absorbance of 0.7+0.01 units at 650 nm. BBG at different dilutions was reacted with ABTS+
solution (80 pL) in a 96-well plate & incubated at RT for 4 min. The O.D. at 650 nm was read
using a multi-mode microplate reader (Synergy H1, BioTek, USA). ABTS+ solution was used
as a control. ABTS radical scavenging assay was calculated using the following formula.

Absorbance of control-Absorbance of sample

Scavenged ABTS Radical % =

x 100 (3)

Absorbance of control
2.6.5. Ferric reducing antioxidant power (FRAP assay).

The FRAP assay was performed according to the previously described method [31]
with minor modifications to assess the potential of BBG to reduce ferric ions. Different
concentrations (20-100 pg/mL) of BBG were taken (100 uL added) with the 3 mL FRAP
reagent, i.e., composed of 300 mM CH3COONa (sodium acetate) buffer (pH=3.6), 10 mM
TPTZ (2,4,6- Tri(2-pyridyl)-s-triazine solution), and 20 mM FeCls in the ratio of 10:1:1,
respectively. The reaction was incubated (37°C for 30 min), and O.D. was read at 593 nm on
a multi-mode microplate reader (Synergy H1, BioTek, USA).

2.7. Hemolysis assay.

To determine the hemolytic effect of the BBG against RBCs, the hemolysis assay was
performed as per the previous protocol with slight modifications [29]. Briefly, 5 mL of the
blood was washed 3X with saline, centrifuged, and diluted with saline. 200ul of the diluted
blood (in an equal ratio of saline) was mixed with different aliquots (20-100 pug/mL) of BBG
and incubated for 3 h at 37°C. Triton-100X was utilized as a +ve control for the 100% lysis of
RBCs, and saline was used as a -ve control. O.D. was recorded at 570 nm by a multimode
microplate reader (Synergy H1, BioTek, USA). The given formula calculated the % hemolysis:

Absorbance of sample—Absorbance of negative control

% Hemolysis = X 100 4

Absorbance of Positive control-Absorbance of negative control

2.8. Anticancer activity determination.
2.8.1. Cell viability assay.

Cell viability of BBG was assessed using the MTT assay, following the previously
described protocol [29]. Briefly, A549 cells (1x 10* cells/well) were seeded in a 96-well plate
and incubated at 37°C for 24 h. Cells were then treated with various concentrations of BBG for
24 h. After treatment, 10 uL MTT dye was added, and the cells were further incubated for 4 h
at 37°C. Absorbance was read by a multi-mode microplate reader (Synergy H1, BioTek, USA)
at 545 nm, and cell viability% was calculated with the given formula. All experiments were
performed in triplicate (n=3), and results were expressed as mean £ S.D.

Cell Viability% = ( ) x 100 (5)

Absorbance of treatment

Absorbance of control
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2.8.2. Determination of nuclear morphology using Hoechst staining.

Hoechst staining was performed according to a previously reported protocol [32]. A
12-well plate was seeded with 5 x 10* cells/well and incubated. Cells were exposed to various
aliquots of BBG, and the plate was incubated at 37°C for 24 hrs. Cells were then washed with
PBS after 24 h, and an additional 10 pL of Hoechst was added for 15 minutes. Images were
captured using an EVOS FLoid Imaging microscope.

2.8.3. PI/ Propidium iodide staining for the detection of apoptosis.

PI staining was performed according to the protocol with minor modifications [29].
Briefly, 5 x 10* cells/well were seeded in a 12-well plate & incubated overnight. Further, cells
were exposed to various aliquots of BBG and then incubated for 24 h. Afterward, cells were
stained with 1pug/mL of Pl, and then incubation was done (10 min at 37°C). The images were
attained by using the EVOS FLoid imaging microscope.

2.8.4. Hoechst and PI dual staining.

To examine apoptosis and nuclear morphology concurrently, Hoechst and Pl dual
staining was performed, according to [32]. Hoechst and Pl staining were combined with the
filters used for the imaging. A549 cells were cultured in DMEM for 24 h, then treated with
BBG and incubated for 24 h. Afterward, the cells get washed with PBS, and then cultured with
10pL Hoechst and 10 pL Pl dye and incubated for 15 min. Finally, the cells were again washed
with PBS and examined under an EVOS FLoid imaging microscope.

2.8.5. Reactive oxygen species (ROS) generation.

Reactive oxygen species (ROS) generation was measured according to the previously
described protocol [33]; 5 x 10* cells/well were seeded in a 12-well plate and incubated
overnight at 37°C. After 24 h of incubation, cells were cultured with various aliquot doses of
BBG and further incubated for 24 h. After incubation, H2DCFDA (10 pM, 15 min) was used
to screen cellular ROS generation, and a microscopy image of ROS was obtained.

2.8.6. Acridine orange and Ethidium bromide (AO/EtBr) staining.

AO/EtBr dual staining was performed according to the previously described protocol
with minor modifications [29]. 5 x 10* cells/well seeded in a 12-well plate and incubated for
24, further treatment with various concentrations of BBG was given, and incubation was done
for 24 h. Further, cells were stained with 5 pL of AO and 5 pL EtBr (5 mg/mL each), and cells
were observed with an Evos FLoid Imaging microscope.

2.9. Statistical analysis.

All experiments were conducted in triplicate (n=3) and expressed as mean = SD or SEM
Initially, a Microsoft Excel worksheet was used for data collection and summarisation. An
analysis of variance (ANOVA) with a significant p-value <0.05, **p-value <0.01, *** p-value
<0.001, and *** p-value <0.0001 was conducted on GraphPad Prism 8.0 software (GraphPad
Software, Inc., La Jolla, USA). ImageJ software was used to calculate fluorescence intensity
for experiments involving cell-based assays.
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3. Results and Discussion

3.1. ADMET properties of -glucan.

BBG was shown as an extremely polar molecule due to its seven rotatable bonds and
sixteen hydrogen bond acceptors. With 11 hydrogen bond donors, it showed a high potential
for biological system interactions. With a molar refractivity of 100.5, it appeared to have a big
volume and would have trouble passing through biological barriers. The molecule was stiff and
fully saturated with a proportion of sp3 hybridized carbons of 1.5. Its high Topological Polar
Surface Area (TPSA) of 268.68 A2 indicates considerable polarity, which may contribute to its
inability to cross lipophilic barriers, such as the blood-brain barrier (BBB). Improved gut health
or improved cholesterol management are two benefits that BBG may offer, as it is stored in the
digestive tract [34]. Shelf life and product structure may benefit from the molecule’s stability
under a range of conditions due to its rigidity and full saturation. The detailed pharmacokinetic
profile of BBG is given in Table 1.

Table 1. Pharmacokinetic properties of B-glucan.

Properties Factors B-glucan (expected values)
MW (g/mol) 504.44g/mol
Number. rotatable bonds 7
Physicochemical Num. H-bond acceptors 16
properties Number. H-bond_dpnors 11
Molar Refractivity 100.5
Fraction Csp3 1
TPSA 268.68 A2
iLOGP -0.26
XLOGP3 -6.88
Lipophilicity WLOGP -7.57
Log p o/w MLOGP -6.15
SILICOS-IT -6.49
Consensus Log P o/w -5.47
Water solubility Log S (ESOL) 1.83
Absorption _ Gl z_ibsorption low
Skin permeation (Log Kp) (cm/s) -14.26
P-gp substrate Yes
BBB permeant (log BB) -1.367
R CNS permeation (log PS) -5.425
Distribution VDss (log L/Kg) 20.449
Fraction unbound (Fu) 0.487
CYP2D6 substrate No
CYP3A4 substrate No
CYP1AZ2 inhibitor No
Metabolism CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No
CYP3A4 inhibitor No
Excretion Total clearance (log mL/min/kg) 1.623
Renal OCT2 substrate No
Ames toxicity No
Max. tolerated dose (human) (log mg/kg/day) 0.543
hERG I inhibitor No
Toxicity profile hERG Il inhipitor Yes
Oral rat acute toxicity (LD50) 2.879
Oral rat chronic toxicity (LOAEL) (log 5941
mg/kg/bw/day) )
Hepatotoxicity No
Lipinski violations Yes
Drug likeness VEBER violations Yes
Bioavailability score 0.17
Medicinal PAINS alerts 0 alert
chemistry Synthetic accessibility 6.45

https://biointerfaceresearch.com/

8 of 27


https://doi.org/10.33263/BRIAC162.056

https://doi.org/10.33263/BRIAC162.056

Properties | Factors | B-glucan (expected values)
Leadlikeness | No;1 violation: MW>350
TPSA: Topological Polar Surface Area; Log P o/w: Partition Coefficient between octanol and water; iLOGP:

Predicted Log P (iLOGP method); XLOGP3: Predicted Log P (XLOGP3 algorithm); WLOGP: Predicted Log P
(Wildman—Crippen); MLOGP: Predicted Log P (Moriguchi method); Consensus Log P: Average Log P from
models; Water solubility Log S: Predicted water solubility; Gl absorption: Gastrointestinal Absorption; Skin
permeation (Log Kp): Skin permeability coefficient; P-gp substrate: P-glycoprotein substrate; BBB permeant (log
BB): Blood-Brain Barrier permeability; CNS permeation (log PS): Central Nervous System permeability; VDss:
Steady-State VVolume of Distribution; Fu: Fraction unbound in plasma; Total clearance: Drug elimination rate;
Ames toxicity: Mutagenicity test; Max. tolerated dose: Maximum safe dose in humans; hERG I inhibitor: Cardiac
potassium channel inhibitor; hERG Il inhibitor: Cardiac ion channel inhibitor; LD.,; Median lethal dose; LOAEL.:
Lowest Observed Adverse Effect Level.

3.2. ProTox-3.0-prediction of toxicity of chemicals.

Toxicity prediction of BBG showed that it comes under class 3 in predicted toxicity,
with LDso at 51 mg/kg (toxic if swallowed (50 < LDso < 300 with 100% prediction accuracy).

cypzcts

HSE

Figure 1. Toxicity radar chart. The blue dots show the molecule (user-defined), and the orange dots
represent averages of active molecules/class.

Predicted LD50: 51ma/kg J

Predicted Toxicity Class: 3|
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Figure 2. Predicted report and network chart showing the active clusters with active probability >=0.7 and <0.7.
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It showed toxicity in a few targets (nephro, cardio, bbb, clinical, nr_ar, nr_ar_Ibd,
ne_er) as shown in Figure 1 and Figure 2. The toxicological profile of BBG showed it to be
non-toxic and raised long-term safety concerns.

3.3. Network pharmacology

3.3.1. Swiss target prediction.

The analysis of BBG revealed a wide variety of possible molecular targets. It is
anticipated that a sizable percentage, 33.3%, may interact with protein-coupled receptors of the
Family A G. Enzymes (13.3%), various cytosolic proteins (26.7%), and secreted proteins
(20%) are other noteworthy targets. Kinases were predicted to be the target of a lower
percentage, 6.7%, as shown in Figure 3.

. T |
Q SwissTargetPrediction
. SwissDrugDesign

Home About FAQ Help Citing Download Centact

Query Molecule Target Classes

Top 15
Top 25

™ 67%
) om Top 50 20.0%
W
Al
v o
oH ~ “on
H on H 287%
- o
s .
? o 33.3%
om
o [rp—— =
B Obee etk

HeyCzZE

Exportresuts B | @) [ [ B [ S]

13.3%

Figure 3. Target prediction analysis of B-glucan showing the target classes.
3.3.2. Common target finding by Venny 2.1.0.

GeneCard was used to select the top ~25K targets related to LC, which were then
merged with the BBG (100) targets obtained by target prediction. Using Venny 2.1.0, the
common targets in both were found (95), which were then documented as applicant targets as
shown in Figure 4.

LC B-B-glucan

Figure 4. Venn diagram preparation for common target finding by Venny 2.1.0.
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Common targets were further used to make the PPI network by the STRING tool, which
was then further rectified by Cytoscape software, as shown in Figure 5. Our in-silico analysis
of BBG showed that it could target or bind with 95 LC-related targets, out of which 19 targets
showed a high degree of closeness and could influence the cancer cells.

®"

€Y (b)
Figure 5. Protein-ligand interaction, (a) PPI network formation by the STRING tool; (b) Utmost degree-wise
selection of targets through Cytoscape 3.10.2 software.

3.4. Molecular docking.

Protein-ligand docking endeavors to forecast the ligand's (BBG) capacity to suppress
the activity of LC-related proteins from the perspective of binding position and binding affinity.
A relationship between two molecules can be identified by measuring the strength of the
interaction, which is known as binding affinity [35]. The strength and stability of the molecular
connection increase with decreasing binding affinity value [36]. Ligands bind to the active site
(A-site) of the protein with the least binding affinity, and under the ATP-binding affinity are
forecast to constrain protein activities. The top 18 candidates were nominated for MD based
on the network pharmacology and PPI network. The precise docking affinity and bonds of BBG
with targets are shown in Table 2. Docking results show that ligands bind to the A-site of the
targeted protein with the least binding affinity (CDK1 (4YC6) -8.2 kcal/mol, ABCB1(70OTI) -
7.6 kcal/mol, and ADORA2A (6GDG) -7.5 kcal/mol). Consequently, with binding to the
proteins' A-site and having lower binding energy than BBG, it is predicted to be able to inhibit
the targeted proteins of LC. 2D and 3D structures of given interactions of ligands and selected
proteins are shown in Figure 6. In mammals, CDK1 is crucial to cell cycle progression (as it
promotes G2/M and G1/S transitions, in addition to G1 progression too) [37]. CDKs are highly
expressed in NSCLC with EGFR mutations. CDK1 could be a potential target for cancer
prevention and therapy [38,39]. The ABCB1 (ATP-binding cassette sub-family B) target
interacts with BBG through conventional hydrogen bond interactions with amino acids,
including ARG144, VAL175, SER176, ASN179, LEU920, TYR924, and LYS930. ABCB1
genes, also known as MDR1 (multidrug resistance), encode for p-glycoprotein (P-gp), a
membrane-associated ATP-reliant transporter, which acts as an efflux pump expressed on the
surface of cancer cells. P-gp is often up-regulated among numerous cancer forms (lung,
ovarian, and breast cancer). BBG may reduce the expression of the ABCB1 gene [40]. The
interaction between ADORAZ2A (adenosine A2a receptor) with BBG through SER35, TYR37,
GLN38, ASP240, and SER334, with a conventional hydrogen bond. The adenosine A2a
receptor (ADORAZ2A) is a member of the G protein-coupled receptor (GPCR) superfamily.
https://biointerfaceresearch.com/ 11 of 27
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Table 2. Protein-ligand interaction of the top 3 targets with PDB ID, Affinity Kcal/mol, Interactions, Site
Attributes, interacting amino acids, and RMSD A.

PDB Affinity . Site . . . . RMSD
Targets D Keal/mol Interactions attributes Interacting amino acid residues A)
Carbon hydrogen, X= -4.920 Y=
CDK1 AYC6 82 conventional hydrogen, 3_4 62.7 7= | GLNA49; LYS89; ARG44; VALA4S,; 9
' unfavorable donor- ) - ASP86; LEU83; ASP146; GLN132
16.064
donor bond
Conventional hydrogen, X=114.605 LYS930; LEU920; TYR924;
ABCB1 | 70TI -7.6 unfavorable donor- Y=113.170 ARG144; VAL175; ASN179; 1.68
donor bond Z=119.358 SER176
ADOR 6GDG 75 conventional hydrogen X;g ?1736? ‘éf: GLN38; SER334; ASP240; 5 48
A2A ' bond 7'6 209 - TYR240; TRY37 ARG42; SER35 '
Conventional hydrogen, | X=29.424 Y= GLU377; GLY378; ARG592;
FN1 3M7P -7.3 unfavorable donor- 43.839 Z= - GLU596; THR376; THR375; 1.86
donor bond 20.325 GLU537
Carbon-hydrogen, X=-11.894
BCL2L - — _ HIS184; ARG127; TYR180;
1 600K -7.2 conventional hydrogen | Y=2.026 Z= - ALA131: VAL134: GLU135 25.78
bond 17.418
CYP2D Conventional hydrogen, X=-19.709
6 5TFT -7 an unfavorable Y=26.183 Z= THR76; ASN225 1.95
acceptor-acceptor bond -66.507
TYR101; GLY102; THR97,
Va”hd%rrxvzi'%ocnagbon' X=-4514 Y= | VAL99; ARG50; SER96; PHE101;
CA9 2HFK -7 convgntio%al h drc; en 10.396 Z= - TYR37; ASN33; ARG52; ALA33; 2.07
bond yarog 1.450 SERS53; TYR32; SER55; ASNS6:;
ASN31
Conventional hydrogen,
casps | acry | o | unfavorable acceptor- Koo Y= | sERra00; AsN208; TRP214; L8
: acceptor, unfavorable : - SER251; ARG207 ‘
30.047
donor-donor bond
Conventional hydrogen, X = 47.007 Y HIS60; THR138; THR164;
unfavorable acceptor- AP _ ASN139; ASN162; THR165;
PTPN1 | 2QBP 638 acceptor, unfavorable B 1%%?&2 - GLU167; LYS103; TRP100 1.65
donor-donor bond ) ARG169
carbon hydrogen,
conventional hydrogen, x=19849 Y= . . .
DRD2 6CM4 -6.7 unfavorable acceptor- -2799 Z= ASP1070; ALA_1074’ PHE1104; 1.88
; GLY1030; VAL1103
acceptor, Pi-donor 23.86
hydrogen bond
. X=-33.430
HSPOO 1 gnix 6.7 Conventional hydrogen | y,_ 5 57, 7 TRP297; LYS254; GLU255 2
AAl bond
-13.169
Carbon hydrogen, _
IL2 6VW 65 conventional hydrogen, X__837256;9_Y ARG255; ILE148; GLU254; 381
U : unfavorable donor- T B PHE153; THR152 '
55.978
donor bond
Carbon-hydrogen, X=-1.166 Y= . . .
STAT3 | 6NJS -6.4 conventional hydrogen 10.216 Z= CYS251; iELiSZlS% ASP334; 1.3
bond 25.992
. X=23937Y
HTR2A | OWG 63 | Conventional hydrogen | _ 56 gg) 7 ASN363; LYS223; ASP356 2,01
T bond
50.819
Carbon-hydrogen, X =33.089 ) . . .
RN?SE 2PQX -6.3 conventional hydrogen | Y=5.657 Z = ASPS0; GLUléi’UL?EUM’ SER113; 2.09
bond 34.284
Carb(_)n-hydrogen, X = -76.649 Y _ _ _
LGALS 1KIL 56 conventional hydrogen, - 834307 = GLN150; ASP148; GLY235; 268
3 : unfavorable donor- e - SER237; ARG144 :
55.978
donor bond
Van der Waals, X=16.023 Y= | GLU36; SER39; GLN43; GLN51;
FGF2 4L0R -5.6 conventional hydrogen 3.738 Z= GLN46; LEU42; ARG97; GLN100; 2.09
bond 11.987 GLU104; ASN35;
cor(ls\lzgr?t(i)gr-\?l/?lmtﬂzn’en X=5984Y =
HRAS 8CXF 0.02 ydrogen, 12,787 Z = DG:2; DC:3; DG:26; DT:12 59
unfavorable acceptor- 15.078

acceptor bond
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BBG may suppress the expression of ADORA2A, which may influence the immune
system against cancer cells [41].
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Figure 6. 2D and 3D structures of ligand and candidate proteins binding interactions.
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3.5. Extraction of BBG.

BBG was extracted using an alkaline/acidic extraction procedure, followed by hot-air
drying. After drying in a hot-air oven, 20 g of barley powder yielded 1.322 g of gummy -
glucan in a light tan-colored gum form, as shown in Figure 7. The total yield was 6.61%.

l ] m' =
20¢g lml]c\ flour + { Centrifuge,
200mL H,O a8 2000 g 10 mn, ‘ ! ‘ ‘

Deactivation at 80° C Bpg pellets Stirred 30 min.55°C pH adjusted 8.0 with Supematant decanted (1)
in EtOH (150mL) 20% Na,Coy cooled 10 20° C

Stirred 30 min 2000
pm
P Centrifuge, 2000 g
10 min,

pH adjusted 4.5 S"l""“‘““"(l)'(’) Supematant decanted (2)

- . Pellets + 90mL D.W.
0 3 0C
with 20% HCL L cooled t0 20° C Stirred 30 minA0°C pH 10 with Na,Co;

Centrifuge, 2000 g
y 5 min

d[i“[l(”l[l[m

Centrifuge, 2000 g
10 min, supematant retained (f-g).
cooled at 10°C Centrifuge,
Add equal volume of 100% EtOH 2000 g
I 10 min,
Vigorous Stirred 10 min Airdry at RT for 3 hrs Dry in hot sir oven, Light tan colored

6Ghrs, 60° C

P Glucan gum

(b)
Figure 7. (a) p-glucan extracted from barley protocol; (b) Hot dried p-glucan (appeared as tan-colored gum).

3.6. Characterization of extracted BBG.

3.6.1. Anthrone test for quantitative estimation of carbohydrate.

Sulfuric acid and anthrone reagent were mixed to create an anthrone reagent solution.
A blue-green color compound was produced when this solution was mixed with the sugar
aliquots (100-1,000 pg/mL) and the BBG sample (unknown concentration), as depicted in
Figure 8. The quantitative estimate test revealed that the concentration of the unknown was
550 pg/mL.
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Anthrone test
-+ D-glucose
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Figure 8. An anthrone test to quantify the carbohydrate content in BBG revealed that the concentration of the
unknown was 550 pg/mL. The R? value was 0.2199.

3.6.2. Quantification by aniline blue staining dye to confirm the presence of -1, 3 linkages in
extracted p-glucan.

Aniline blue precisely reacts to the single-helical conformation of the B-1, 3-glucan,
subsequently showing fluorescence emission. Our results showed that fluorescence intensity
increased as depicted in Figure 9, with the increase in concentration of the BBG, thus ensuring
the occurrence of the B-1,3 linkages in the isolated BG from barley.

Aniline blue staining
110007 R?=0.8193
2
£ 10000
2
c
= 9000+
c
3
» 8000
]
)
]
= 70004
[T
6000 I I I I | I I I I I I 1
R S S S R S S S S S
N SO S PP
Concentration (pug/ml)

Figure 9. Aniline blue staining for quantitative analysis of BBG, fluorescence intensity elevated with dose,
validating the detection of p-1,3 linkages in isolated BBG, R*= 0.8193.

3.6.3. Fourier transform infra-red spectroscopy.

FTIR spectra were recorded and compared with the BBG spectra observed by [42].
FTIR examination spectra were noted between 4000 and 500 cm™?, and % transmittance was
seen. In spectra, the BBG band at a wavenumber of 890 was for B-linked polymer, 1,076 = C—
O stretch, 1,372 = CHOH stretch, 2,919 = C—H stretch, and 3,390 = OH stretch. An analogous
spectrum by a minor variance was seen in our investigation of BBG transmission spectra,
Figure 10. The peak at 894 showed B-linked polymer, and 1,023 favored the presence of C-O
stretch. The peak at 1,373 specified the CHOH, and 2,926 designated the C—H stretch. At 3,328
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OH stretch was found. All these points were revealing of the 31,3 as the chief linkage existing
in the BBG. The obtained spectra were in the range of various previously reported studies
[43,44].

L(‘)(?
RUKER
g (>0
£ C-H
e C-H
8 i
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2 C=0 O-H C-0-C'?
Eg - 8
2 | g
£ =
. Poly-OH ]
o -
2 =
C-0 %
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(=]
o~
5 b 3 & 8 % o =
8 8 & N 8 8 < =
3 & e Q -2 8 5
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3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Figure 10. FTIR spectrum of BBG, verifying p-1,3 linkages with distinctive peaks at 894, 1023, 1373, 2926,
and 3328 cm™.

3.6.4. UV-visible spectrum scanning for monosaccharide composition of B-glucan.

D-glucose was the dominant monosaccharide in BBG [27]. Figure 11 shows a valid
curve as per the reported studies [29], conforming to the presence of monomer (D-glucose) in
BG.

2.337 T T T T

2.000

1.500

Abs.

1.000

0.500

-0.034
200.00 300.00 400.00 500.00 600.00 700.0C
nm.

Figure 11. UV-Vis spectrum of BBG (200-700 nm), revealing a trend corresponding to D-glucose
monosaccharide.

3.7. Antioxidant activity determination.

3.7.1. DPPH assay

Antioxidant activity was measured using DPPH. Previously reported a steady trend in
scavenging activity as concentration increased [30]. An analogous trend with a minor variance
was seen in our investigation of BBG (IC50 was measured at 45.06 pug/mL as shown in Figure
12, and showed a significant antioxidant capacity (* p value < 0.01). The data are presented as
the average of 3 trials.
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150 1C50 45.06
DPPH Assay (*P value <0.01)® Std

= BG

1001 _ —_eR>=0.908

%RSA

2 =0.9603

501

o

0 20 40 60 80 100
Concentration (20-100 pg/ml)

Figure 12. DPPH assay for antioxidant capacity determination, 1Cso was 45.06 pug/mL and disclosed a
noteworthy * p value < 0.01 antioxidant potency.

3.7.2. RPA assay.

Reducing power is a colorimetric technique that transfers electrons from an antioxidant
to an oxidant. It assesses the antioxidant's capacity to reduce the blueish ferric tripyridyltriazine
complex to its Fe?* state [45], causing the absorbance to vary as illustrated in Figure 13. A
substantial (*p-value <0.01) antioxidant capacity was found in our investigation, and it was
revealed that absorbance rose as concentration increased.

*
RPA Assay (*P value <0.01)
0.5
* Std

0.4 = BG
[}
(5]
S03 R2= 0.9371
e}
S
] . ~
20.2 =
< I R

0.1

0.0 T v r r ]

0 20 40 60 80 100
Concentration (ug/ml)

Figure 13. RPA assay for antioxidant capacity determination of BBG, in proportion to the dose (*p-value
<0.01).

3.7.3. H20; assay.

The capability of BBG on hydrogen peroxide (H20-) is shown in Figure 14. The BBG
was capable of scavenging H>O.-free radicals in a dose-specific manner (20-100 pg/mL) and
showed significant RSA (*P-value<0.05).

HzOz Assay (*P value<0.5)
2=
100~ R?=0.9589
+* Std
R?=0.6718
= BG

8564

90

854

H202 Reducing activity %

80—t T T T T
0 20 40 60 80 100

Concentration (pg/ml)
Figure 14. Scavenging competence of BBG on H,O2. BBG exhibited dose-specific % H,0, reducing activity
(20-100 pg/mL), with noteworthy RSA detected (*P-value < 0.05).
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3.7.4. ABTS assay.

The RSA of BBG was assessed using the 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid). The percentage of RSA increased as the concentration of BBG (ns) and the
standard deviation increased. (ICso was measured at 49.86 pg/mL) as shown in Figure 15.

ABTS Assay (*P value<0.05)
1C50 49.86
100
32 < Std
—_ 2 80 = BG
© >
L=
T8 60 o=
x o " R2=0.9882
w S
= gl 40
3 o R?=0.8411
E 201
(7]
0 20 40 60 80 100
Concentration (pug/ml)

Figure 15. RSA of BBG was assessed using the ABTS assay. RSA was elevated with BBG and AA
concentration, with an 1Csq of 49.86 pg/mL.

3.7.5. FRAP assay.

The FRAP experiment was evaluated to assess the antioxidant capacity of BBG,
showing that BBG has a significant antioxidant capacity (*** p<0.0001), increasing dose-
dependent ferric-reducing (Fe™ to Fe*?) antioxidant activity as demonstrated in Figure 16.
(***P value <0.0001)

FRAP Assay
0.50 © Std
= BG

8 0.45+ R2= 0.8631
c
®
E 0.40-
o R%= 0.8206
<

0.354

0_30—1-m11111-rm1-n-n-|-rm111111Tn-n-|-n-nTn1111-|111

0 20 40 60 80 100
Concentration (20-100 pg/ml)

Figure 16. FRAP assay assessing the antioxidant capacity of BBG. BBG exhibited noteworthy (p< 0.0001) and
Fe** to Fe** reducing antioxidant activity in proportion to dose.

3.8. Determination of hemolysis.

The biosafety of the BBG was assessed in vitro by evaluating its biocompatibility.
Figure 17a shows that hemolytic inhibition activity increased with increasing concentration at
higher doses when RBCs were exposed to BBG at 20-100 pg/mL for these fresh RBCs. As
shown in Figure 17b, BBG does not cause RBC lysis. Hemolysis activity was low for BBG in
our study, indicating its biocompatibility and low toxicity.
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Figure 17. (a) Hemolysis assay. No significant hemolysis of RBCs was observed in comparison to the
positive control (Triton X100); (b) 96-well plate of Hemolysis assay.

3.9. Determination of anticancer activity

3.9.1. Cell viability assessment by MTT assay.

The cytotoxicity potential of BBG and Cis against A549 cells was assessed using a cell
viability assay [46]. Results indicated the decay in the metabolically active live (A549) cells.
Figure 18 (a-b). The I1Cso value was measured at 90 pg/mL, and the Cis ICsg value was 24
pg/mL. A similar study [47] showed that the cell viability assay of BBG on A549 cells has a

similar effect as in our study.

Cell viability assay Cell viability assay
120 120
1C50 = 90pug/ml 0
100 E 1C50 = 2dpg/ml
20 > 8
£ H
| = 60
:Q ® 4
40
) . I nn
= 0
o Control 20 40 60 80 100
Control 100 200 400 600 800 1000 of Cis L
Concentration of BBG (ug/mL) Concentration (ng/mL)
(@) (b)

Figure 18. (a) Cytotoxic effect of BBG on A549 cell line viability, with an 1Cso of 90 pg/mL. (b) Effect of
cisplatin on A549, with an 1Cso of 24 pg/mL.
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3.9.2. Cell viability assessment, The effect of BBG on normal fibroblast cells (L929 cell line).

The cytotoxicity of BBG was assessed on the L929 cell line. Our findings showed that
when exposed to increasing BBG concentrations, L929 cells had noticeably greater vitality
than A549 cells, Figure 19. The ICso value was measured at a higher concentration of 2.5
mg/mL.

Cell viability assay

IC50 = 2.5mg/ml

% Viability
(=]
[=]

CONTROL 250 500 750 1000

Concentration of BBG (pug/mL)

Figure 19. Cytotoxic effect of BBG on normal fibroblast cell lines (L929 cells), with an 1Cso of 2.5 mg/mL.
3.9.3. Nuclear morphology examination by Hoechst staining.

Hoechst dye is unique in its ability to interact with the cell nucleus. It is a dye that binds
to DNA and, when it does so, produces a blue fluorescence. This dye makes it simple to see
any DNA abnormalities [48]. Our results show that while the nuclei in the treatment wells have
lost part of their nuclear morphology, those in the control wells maintain a consistent shape.
Figure 20 shows dose-dependent nuclear deformations, demonstrating the effective anticancer
action of BBG. The greatest nuclear alterations occurred at 150 pug/mL. The yellow color arrow
indicates nuclear deformations.

Figure 20. Morphological changes and nuclear fragmentation in A549 cells increase in proportion to the dose.
The maximum deformities are observed at 150 pg/mL, confirming significant apoptosis.
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3.9.4. Detection of apoptosis using Pl staining.

Pl dye specifically interacts with the dying/apoptotic cells, resulting in red colour
fluorescence (late apoptotic/early necrotic phase cells stain red) [49]. Our investigation showed
a noteworthy surge in the apoptotic cells as the level of BBG rose, as depicted in Figure 21,
whereas in the control, no significant % apoptosis was observed.

Figure 21. Pl staining revealed increased fluorescence in A549 cells treated with BBG, indicating induction of
apoptosis.

3.9.5. Hoechst and PI dual staining.

Hoechst/PI dual staining was executed to illustrate the nuclear morphology and
apoptosis collectively. In our findings, the dead cells appeared pink/red, as depicted in Figure
22. We found that nuclear morphological variations and apoptosis increased in a dose-
dependent manner.

Figure 22. The absence of pink in control cells (blue only) confirmed their healthy state. The appearance of
pink fluorescence in BBG-treated A549 cells indicated membrane disruption and DNA intercalation, confirming
the onset of apoptosis.

https://biointerfaceresearch.com/ 21 of 27


https://doi.org/10.33263/BRIAC162.056

https://doi.org/10.33263/BRIAC162.056

3.9.6. Evaluation of Reactive oxygen species (ROS) generation.

ROS generation is an essential event in cells for maintaining regulatory metabolism.
Free radical scavenging is present in our living system (in normal cells) to manage ROS
generation and elimination, but in neoplastic cells to manage enhanced metabolic activities and
the high levels of ROS produced [33,50]. In our findings, a significant increase in ROS
generation was observed with increasing dose, as depicted in Figure 23.

Figure 23. Intracellular ROS generation increases in proportion to dose, leading to cellular damage.

3.9.7. Acridine orange and ethidium bromide (AO/EtBr) staining for identifying cells in early
and late apoptotic stages.

The AO/EtBr staining method is deemed immensely effective for detecting early & late
apoptotic cells. EtBr is only accessible to the dead cells (Shows red fluorescence). However,
AO exhibits permeability across all the cells (shows fluorescence in green color). Cells in the
initial apoptotic phase exhibit a yellowish-orange hue, whereas those in the late-apoptotic phase
display an orange-red color. In our findings, cells displayed yellow-orange-red coloration in
early and late apoptosis, as depicted in Figure 24.

Figure 24. AO/EtBr staining of A549 cells, light yellowish cells indicate early apoptosis, while orange cells

represent late-stage apoptosis.
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3.10. Limitations and future direction.

Future research directions have been identified, including in vivo validation,
pharmacokinetic and toxicity studies, and other mechanistic studies, to support the translational
potential of BBG.

4. Conclusions

This study evaluated the pharmacokinetics of BG and its interaction with LC to assess
its anticancer potential. We identified 95 common targets, with CDK1, ABCB1, and
ADORAZ2A showing the strongest binding in molecular docking analysis. BBG significantly
reduced A549 cell viability and proliferation at higher doses, with nuclear condensation,
fragmentation, and apoptosis confirmed through Hoechst, PI, Hoechst/PI, and AO/EtBr
staining. BBG was non-toxic to normal cells and induced ROS generation in A549 cells.
Overall, the findings indicate that BBG exhibits notable anti-proliferative and antioxidant
activity. The use of in vitro and in silico methods, which might not accurately reflect in vivo
settings, limits the current work. To better determine therapeutic potential, safety, and
pharmacokinetics, future research should focus on improved structural characterization,
evaluation across multiple cancer and normal cell lines, mechanistic validation of predicted
targets, and in vivo studies.
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Abbreviation Definition

AA Ascorbic acid

BBG Barley B-glucan

BG Beta Glucan

LC Lung cancer

PBS Phosphate buffer saline

NSCLC Non-small cell lung cancer

PPI Protein-protein interaction

rxn Reaction

DPPH 2,2-Diphenyl-1-picrylhydrazyl

FRAP Ferric Reducing Antioxidant Power

ABTS 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
RPA Reducing power assay

H,0, Hydrogen peroxide

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
ROS Reactive oxygen species

Pl Propidium iodide

H2DCFDA 2', 7'-Dichlorodihydrofluorescein diacetate
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