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INTRODUCTION

Plants have long been a vital source of natural materials
for preserving human health, but in the past 10 years, studies
into natural medicines has increased significantly. Apart from
providing essential human necessities like food, clothes and
shelter, plants are a significant source of medicinal materials.
Since the beginning of time, human groups have utilized medi-
cinal plants to cure and prevent a wide range of illnesses and
these uses have been passed down to succeeding generations
[1]. In last 30 years, the pharmaceutical industry has developed
several new antibiotics; yet, microbes have become more resis-
tant to these medications [2]. The antimicrobial medicine
utilization is still questionable in the future due to the growing
problem of microorganism resistance. Therefore, necessary
steps must be taken to overcome this issue, such as limiting the
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use of antibiotics and carrying out ongoing studies to produce
new medications, either natural or synthetic [3].

Cancer is the deadliest illness in the world and a serious
health concern among other life-threatening diseases. It is typi-
fied by the fast spreading of aberrant cells as well as dysregu-
lated cell division, growth and death [4]. The development of
the human health care system has been greatly influenced by
traditional medicinal plants, since plant based compounds make
up around 70% of all currently prescription pharmaceutical
medications [5,6]. The majority of the biomedical action of
plants comes from their secondary metabolites [7]. By analy-
zing chemical structures prior to synthesis, in silico methods
have proven particularly useful in predicting new medicines
and prospective targets [8].

Onosma bracteatum is one of member belongs to family
Boraginaceae generally referred as ‘Gaozaban’ and ‘Gojihva’.
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Prior research has indicated that the genus Onosma possesses
a range of therapeutic attributes including anticancer, antiaging,
antimicrobial, antiasthmatic, antioxidant, antibacterial, anti-
diarrheal, psychoimmunomodulatory and wound healing activity
[9,10]. Evidence demonstrating the abundance of vital bioactive
phytochemicals found in the Onosma genus [11]. The study
aims to evaluate the biochemical properties of O. bracteatum
and highlight its biological activity, with a focus on its phyto-
chemical, antioxidant, antibacterial properties, anticancer and
molecular docking analysis.

EXPERIMENTAL

Collection of plant material and preparation of plant
extract: The aerial parts of Onosma bracteatum including stems
and leaves, collected from registered company named Drug
analysis laboratory (CIN-U24233PB2008PTC032243), Herbal
Health Research Consortium Pvt. Ltd., Amritsar, India. The
material was crushed to powder form and solvent extraction
of 25 g powdered plant material was done by soaking in organic
solvents 80% ethanol in 500 mL (200 + 150 + 150 sequentially
in repeated maceration). The mixture was left in solvent for
maceration period of 3 days. Then the mixture was filtered by
using Whatman filter paper. After filtration, the supernatant
was collected and dried fully using hot air oven at 50-55 ºC.

Quantification of total phenolic content (TPC) and total
flavonoid content (TFC): The TPC content in the ethanolic
extract of O. bracteatum  was determined using Folin-Ciocalteu
reagent with a slight modification as reported by Phuyal et al.
[12] and gallic acid was served as standard reference. The
absorbance of mixture was measured at 750 nm using UV-Vis
spectrophotometer and TPC was expressed as mg GAE/g dry
powder extract. Similarly, TFC was also calculated by meas-
uring the absorbance at 510 nm using the AlCl3 colorimetric
method and quercetin served as standard reference. The quer-
cetin equivalents (mg QE g-1) per gram of dry extract were
used to calculate the amount of TFC.

Antioxidant activity: The 2-diphenyl-1-picrylhydrazyl
(DPPH) was used to determine free radical scavenging activity
with methodology previously established by Nithianantham
et al. [13]. The stock solution was prepared by dissolving DPPH
(24 mg) in ethanol (100 mL). The ethanolic extract samples
(100 µL) was mixed with 3 mL DPPH working solution in vary-
ing concentration ranges from 100 µg/mL to 1000 µg/mL. A
standard measurement was typically 3 mL of DPPH containing
solution in 100 µL of ethanol and the samples left for incub-
ation of 30 min in dark. The ascorbic acid was used as standard
reference, with same range of concentrations (100 µg/mL to
1000 µg/mL). The absorbance was therefore determined at 517
nm. The % inhibition was established using following formula:

c s

c

A A
Inhibition (%) 100

A
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where Ac is absorbance of control and As is absorbance of
sample.

Qualitative analysis by GC-MS: Analysis of ethanolic
extract of O. bracteatum was carried out at Central University

of Punjab, Bhatinda, India using the GC-MS system. Injector
temperature was maintained at 230 ºC. Flow of carrier gas was
maintained at a rate of 1.0 mL/min and an injection volume of
0.20 µL was employed. The MS scan parameters was included
in terms of electron impact ionization voltage and molecular
mass range. The identification of components was based on
comparison of their mass spectra with those of NIST05 library.

Antibacterial activity: Agar well diffusion method was
applied to evaluated the antibacterial potential of the ethanolic
extract of O. bracteatum against tested micro-organisms i.e.,
E. coli (MTCC 42) and S. aureus (MTCC 87) over the entire
agar surface of the plates. The extract solution at different con-
centrations (100-1000 µg/mL) was introduced into the wells
of agar plates, spread with tested microorganisms. The plates
are then incubated under suitable conditions depending upon
the tested microorganisms. The standard antibiotic chloram-
phenicol (30 mcg/disc) was compared to the plant extract in
terms of its ability to inhibit or suppress the growth of micro-
organisms, namely its zone of inhibition’s diameter.

Antiproliferative assay: Using the MTT test, the ethanolic
extract was assessed for its potential to inhibit cell proliferation
in Ln-18 (human malignant glioma cell line) and A-549 (human
lung cancer cell line) cells. The selected cell lines were seeded
with 96-well plate (8 × 103 cells/well) cultured to confluency
and then treated for 24 h with varying dosages of the samples
(15.625-500 µg/mL). Subsequently, MTT (20 µL) were intro-
duced into every well and the plates were kept in a CO2 (5%)
incubator for 4 h. After discarding the supernatant, 0.1 mL of
DMSO was added to dissolve the formazan and the readings
were then measured at 570 nm [14].
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0
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Inhibition of growth (%) 100
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where A0 is the absorbance of control (untreated cells); A1 is
the absorbance of extract treated cells.

Molecular docking: The natural compounds ethyl oleate,
hexadecenoic acid and phytol has been retrieved from the GC-
MS analysis of O. bracteatum extract, selected as ligand mole-
cules. The 3D structure of ligand molecules was downloaded
from the PubChem database. Open Babel was used for conv-
erting .sdf file of ligand into PDB file. Ligands were prepared
by Auto dock vina [15]. In order to examine the antibacterial
activity of compounds of O. bracteatum extract, three target
proteins were chosen which include DNA gyrase B (PDB ID:
1EI1), β-lactamase (PDB ID: 1ALQ) and BCL 2 (PDB ID:
2O2F) were chosen as target proteins. The 3D structure of these
targeted proteins were downloaded from RCSB PDB database
in PDB format. The target proteins were prepared for docking
via the Autodock tools software. The .pdb files was converted
to pdbqt files. The molecular docking analysis of all the
selected phytocompounds and targeted proteins were subjected
to AutoDock tools (MGLTools 1.5.6.) AutoDock Vina 1.1.2,
using the script standard method. The interaction of docked
protein-ligand structures were visualized by Discovery Studio
Visualizer tool [16].

Statistical analysis: The three distinct values’ means and
standard deviations were displayed as the results.
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RESULTS AND DISCUSSION

Quantification of total phenolic content (TPC) and
total flavonoid content (TFC): After maceration, the dried
ethanolic extract of Onosma bracteatum was obtained with
26% extract yield and used for further quantification of phyto-
constituents. Using gallic acid as a standard, the Folin-Ciocalteu
method was used to evaluate the total phenolic content of the
ethanolic extract of O. bracteatum. The calibration curve was
constructed using the absorbance values measured at various
gallic acid concentrations. The regression equation of the calib-
ration curve (Y = 0.0017x; R2 = 0.9926) was used to compute
the total phenolic content of the extract. The TPC was observed
in range of 26.2 ± 0.9 mg GAE/g. Similarly, the TFC of extract,
was determined using the calibration curve’s regression equation
(Y= 0.0005x; R2 = 0.9969). Similar trends were also seen by
the TFC values and the TPC values. The TFC was observed in
the range of 16.85 ± 0.8 mg QE/g. Previously, the TPC and
TFC was also reported in O. bracteatum in 2021 by Rajapara
et al. [17]. The result of the study concluded the TPC and
TFC as 14.5 ± 0.00047 mg GAE/g, 11.2 ± 0.0014 mg GAE/g
respec-tively.

Antioxidant activity: Plants contain active polyphenols
that protect DNA, scavenge reactive oxygen species (ROS) and
help in the creation of genes and proteins that catalyze the break-
down of toxins and maintain cellular redox balance [18]. The
Onosma genus has been shown to possess antioxidant prop-
erties and to be useful in preventing a variety of pharmacolo-
gical activities [19-22]. In present investigation, several ethanolic
extract concentrations ranging from 100 µg/mL to 1000 µg/
mL were used to measure radical scavenging activity of O.
bracteatum by DPPH method. The maximum percentage inhi-
bition by DPPH method was found about 78 ± 0.5 % at highest
concentration (1000 µg/mL), in ethanolic extract. Similarly,
ascorbic acid exhibited 82 ± 0.8 % inhibition at 1000 µg/mL
concentration (Fig. 1). The IC50 value was calculated for ethanolic
extract and ascorbic acid; 524.76 µg/mL and 414.53 µg/mL
respectively. Rahman et al. [23] reported significant antioxidant
activity by similar method, in extract of Tabebuia pallida grown
in Bangladesh.
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Fig. 1. DPPH free radical scavenging activity (%) of ethanolic extract of
Onosma bracteatum

GC-MS profiling: Plants in the Onosma genus have an
abundance of bioactive substances, such as flavonoids, alkannin
and shikonin, which have antibacterial, analgesic and wound-
healing properties [24]. The bioactive compounds present in

whole plant ethanolic extract of O. bracteatum can contribute
to the medicinal quality of the plant. According to their peak
area, the most common phytochemical components in the
ethanolic extract of O. bracteatum are ethyl oleate (14.99%),
hexadecenoic acid (11.97%), phytol (8.96%), stigma-5-en-3-ol,
oleate (7.95%), 13-docosenamide, (Z)-(5.14%) and stigmasterol
(3.36%). In extract, the most prevalent component was shown
to be ethyl oleate. Previously, the antibacterial potential of
ethyl oleate was checked, that was extracted from Phyllanthus
amarus [25]. Published reports suggested that hexadecanoic
acid exhibits the following properties: it is a flavouring agent,
hemolytic, antimicrobial, cytotoxic, hypocholesterolemic,
nematicide, antiandrogenic and it inhibits 5α-reductase [26].
An effective antidiabetic drug was found in the ethanolic extract
of O. bracteatum containing a plant phytosterol called strig-
5-en-3-ol, oleate, which was extracted from the ethyl acetate
extract of Adathoda vasica [27]. Similarly, octadecanoic acid
and phytol show anti-inflammatory activities [26,28]. The GC-
MS spectrum of ethanolic extract determined 74 compounds
with 8 significant peaks of various compounds according to
their retention time (RT) as shown in Fig. 2. Based on the
results, the main compounds identified were ethyl oleate,
hexadecenoic acid and phytol (Fig. 3). The highest peak with
maximum hit (27) was identified that ethyl oleate was primary
compound. Some of phytocompounds are listed in Table-1.

Antibacterial activity: The results revealed that Gram-
positive bacteria i.e. S. aureus showed more inhibition to extract
than the Gram-negative bacteria E. coli. Correspondingly,
Moghaddam et al. [29] showed that extract of O. dichroanthum
Boiss. inhibited Gram-positive bacteria more effectively than
Gram-negative bacteria. The antibacterial activity of ethanolic
extract derived from O. bracteatum was compared with standard
antibiotic chloramphenicol. Variable antibacterial effects of
plant extract at different concentration (100-1000 µg/mL) were
observed against bacterial strains (E. coli and S. aureus). In
ethanolic extract of O. bracteatum, the zone of inhibition ranging
from 9 mm (E. coli) to 21 mm (S. aureus) as shown in Fig. 4.
According to Jeyaseelan & Jashothan [30], it was found that
the hot and cold extracts of ethanol of Ricinus communis L.
showed significantly higher inhibition on S. aureus than both
cold and hot extracts of methanol.

Antiproliferative activity: To check the cytotoxicity of
ethanolic extract of O. bracteatum, two cell lines Ln-18 and
A549 were used at different concentration (15.625 to 500 µg/
mL) of extract. Treatment-response curves were obtained by
plotting the percentage of growth inhibition against the amounts
of extracts treatment. After 24 h of treatment with concentra-
tions of ethanolic extract on both cell lines, % growth inhibition
was observed maximum 84% in Ln-18 and 81% in A-549 with
IC50 value 75.48, 87.57 µg/mL, respectively (Fig. 5). Kamaly
et al. [31] investigated the antiproliferative activity of hexane
fraction of Heliotropium bacciferum effectively inhibit the
growth of A549 and MCF-7 cancer cells with IC50 values of
104.14 and 83.84 µg/mL, respectively.

Molecular docking: The crystal structure of three proteins
DNA gyrase B (PDB ID: 1EI1) and β-lactamase (PDB ID:
1ALQ) and BCL 2(PDB ID: 2O2F) were successfully docked
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against the phytocompounds ethyl oleate, hexadecenoic acid
and phytol (Figs. 6 and 7). The best compound i.e. ethyl oleate
scored -8.4 kcal/mol (Table-2) with DNA gyrase B protein
forming alkyl interactions Ile-94, Val-120, Val-167, Val-43 with
residues present in the target protein. Etminani et al. [32] studied
the binding affinity of β-lactamase inhibitor of Staphylococcus
aureus against phytocompounds from Rosmarinus officinalis,
Ocimum basilicum, Eucalyptus globulus and Thymus vulgaris.

Conclusion

Onosma bracteatum has remarkable antibacterial and anti-
oxidant capabilities, which are thought to be due to the phyto-
chemicals it possesses. A large number of phytoconstituents,
including alkaloids, terpenoids, flavonoids and phenols, were
identified in the ethanolic extract. The ethanolic extract was
observed with significant antioxidant activity. The ethanolic
extract of O. bracteatum showed maximum inhibitory effect
against Gram-positive and Gram-negative bacteria, E. coli and
S. aureus. The antioxidant and antibacterial properties of ethan-
olic extract are due to the presence of several phytocompounds.
Further in vitro and in vivo studies will give a clear path in

drug development. Also, computer aided drug designing or
molecular simulations, further revealed appropriate active bin-
ding sites of ligand and receptor involved in various diseases.
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