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Abstract: The ornamental plant Chamaedorea seifrizii has very few documented
pharmacological  properties.  Peptidoglycan  editing  factor  (PdeF)  is  a  bacterial
cytoplasmic amidase that serves as a peptidoglycan (PG) biosynthesis of cell wall.
This  work  used  chemical  profiling  and  in-silico  analysis  of  phytocomponents
derived  from  methanol-containing  fruit  extracts  (CFME)  from  wildly  growing
Chamaedorea seifrizii  targeting PdeF proteins followed by in vitro antibacterial
validation. The chemical profile of CFME was examined using gas chromatography
(GC-FID).  Molecular  simulation  studies  were  conducted  after  in-silico  analysis
using the docking tool Cb-dock2 against bacterial PdeF. The wet lab results were
verified  using  Gram-,  and  Gram+  bacterial  strains  such  as:  G-Pseudomonas
aeruginosa (MTCC 424), G-Escherichia coli (MTCC 40), G+ Staphylococcus aureus
(MTCC 3160), G+Bacillus subtilis (MTCC 121). Chemical profile of CFME showed 13
peaks. Major abundant phytocompound was osthole with concentration 27.49%.
Docking study of major dominant compound osthole revealed strong interactions
with PdeF having binding energy of -6.8 kcal/mol, indicating moderate affinity. The
findings of the interaction studies indicated that the PdeF -ligand complex contain
hydrogen bonding, alkyl bonding, and pi-alkyl interactions. According to in vitro
experiments, CFME from Chamaedorea seifrizii  effectively inhibited the growth of
bacterial strains, with a zone of inhibition (ZOI) ranging from 2 mm to 17 mm with
comparison to antibiotic drug with ZOI ranged from nil to 15 mm. To the best of
our  knowledge,  this  is  the  first-hand report  on  the  bioactive  components  of  fruit
parts  of  Chamaedorea  seifrizi  methanol  extracts  having  antibacterial  activity
targeting PdeF proteins  using combined in  vitro  and in  silico  dual  integrated
approaches. Overall, the results underline the need for additional compound-level
characterization and safety assessment while supporting the hypothesis that a
Chamaedorea seifrizii  extracts  have the potential  to  be used as  antibacterial
drugs, highlighting its potential as a complementary therapeutic approach and
may find application in the biotechnology and pharmaceutical industries.

Introduction
Multidrug-resistant (MDR) bacteria have emerged as one of
the biggest threats to human health as result of the overuse
and abuse of antibiotics in global healthcare (1). Medicinal
plants have been the main source of therapeutic remedies
from  ancient  times,  despite  their  crucial  significance  in
modern medicine. Phytochemicals, which are produced from
plants, have strong effects when used alone or in conjunction
with traditional antibiotics. Plant extracts, rich in polyphenols
and  tannins,  offer  a  promising  alternative  to  combat
antibiotic-resistant bacteria, often by enhancing the efficacy
of conventional antibiotics or acting as efflux pump inhibitors
(1).  Bacteria  employ  a  unique  enzyme  known  as

Peptidoglycan Editing Factor (PdeF) to identify and eliminate
the  offending  amino  acids  in  order  to  stop  this.  It  is  a
bacterial  cytoplasmic  amidase  that  serves  as  a
peptidoglycan (PG) biosynthesis quality control mechanism
(2). Cell integrity and shape depend on PG, a characteristic
of the bacterial cell membrane Understanding the cell wall
biosynthesis  pathway  aids  in  the  development  of  novel
tactics  to  stop  bacterial  growth.  Therefore,  PG,  is  a  key
target for in silico based studies. It controls precursor-editing
process  that  preserves  the integrity  of  the peptidoglycan
structure  that  is  crucial  element  of  bacterial  survival.
Therefore, PdeF is essential for preserving the bacterial cell
wall's mechanical and structural integrity, which is necessary
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for defense against osmotic pressure (3).
Chamaedorea seifrizii  belongs to the Arecaceae  family

and is often referred to as bamboo palm, parlor palm, or
reed palm. It is the one among the member of palm family
(4). This subtropical palm, which may reach a height of 20
feet, is frequently used as a houseplant. One of the largest
and  most  significant  medicinal  families  in  the  kingdom  of
plants,  the  Arecaceae  family  is  known  for  a  variety  of
chemical  components  and  biological  activity  (5).
Chamaedorea  seifrizii,  is  classified  as  a  plant  that  has
traditional  and  complementary  medicine  values  to  cure
Goiter,  bronchial  asthma,  and  vaginal  disorders  (6).  This
plant  is  considered as ornamental  and generally  used as
indoor  air  toxins  and  chemical  vapor/pollutant  remover.
Nowadays, a lot of people grow C. seifrizii both indoors and
outdoors. Earlier research pointed out that because this plant
can absorb toluene,  it  can be used to treat  neurological,
ocular,  and  eye,  nose,  and  throat  irritations  as  well  as
unsteadiness (7). Extracts from C. sefrizii reported in cancer
chemoprevention  via  NQO1  enzyme  induction  in  the
Hepa-1c1c7 murine hepatoma cell line (8). Nevertheless, the
majority of current research on C. sefrizii is still descriptive
and compartmentalized, with little critical examination of its
phytochemical  composition  and  pharmacological
significance.  Notably,  there  hasn't  been  a  thorough
assessment of the chemical profile of C.sefrizii fruit extracts.
One  major  knowledge  gap  is  the  lack  of  comprehensive
phytochemical analysis, especially for formulations meant for
biological  application.  By  integrating  qualitative
phytochemical screening utilizing dual integrated techniques
based on in vitro and in silico research, the current work fills
this  gap  and  offers  a  dual  chemical  viewpoint.  While
phytochemical  screening  provides  first  information  on  the
classes of bioactive chemicals found in silico research, it also
allows  for  non-destructive,  multi-elemental  evaluation
pertinent to formulation considerations, toxicological safety,
and  antibacterial  potential.  The  integration  of  these
approaches allows a more holistic evaluation of C. sefrizii
fruit extracts than either method alone. Targeted studies on
PdeF are lacking which prompted us to do further studies for
its  possible  therapeutic  uses.  Importantly,  the  biological
relevance of the targeted phytochemical classes underpins
the  experimental  design  of  this  study.  Therefore,  the
objective  of  current  study  was  identifying  bioactive
compounds  from  methanol  extract  of  C.  seifrizii  fruits
followed  by  in  vitro  antibacterial  evaluation  and  in  silico
validation. It was hypothesized that methanolic fruit extracts
of C. seifrizii contain bioactive phytochemicals that support
their traditional antibacterial uses. It was also thought that
combining phytochemical  screening with  in  silico  analysis
would  produce  a  more  thorough  chemical  framework
pertinent to biological application.

Materials and Methods
Plant collection 
Wildly  growing  Chamaedorea  seifrizii  (Figure  1)  plant
samples (fruits) were collected from garden area close to
study area (31.30 latitudes North and 75.60 longitude East,
Jalandhar,  Punjab,  India).  The botany department  confirmed
the  plant,  and  BT106  was  entered  on  the  voucher  and
deposited in biotech herbarium. The climate of this city is
humid subtropical, with long, hot summers and cold winters.
The experiment was conducted in January –April 2025.

Preparation of Extracts
After rinsing the gathered fruits with distilled water to get rid
of any sticking material, they were shade-dried for 7 days at
room  temperature  (25–28°C)  until  their  weight  remained
consistent.  A  mortar  and  pestle  were  used  to  further
decrease the size in powder form. After that, it was sieved,
processed using an electrical grinder, and kept at 4°C for
further  examination.  Phytocompounds  from  powdered  C.
seifrizii  fruits  (3g)  were  extracted  using  methanol/water
solvent  (8:2  v/v).  The  mixture  was  manually  mixed  by
shaking, vortexed, and was incubated overnight in orbital
shaker at ambient temperature prior to being spun down for
fifteen min at 10,000 rpm and 4°C. The resulting extract was
collected,  filtered  using  Whatman  No.  1  filter  paper  the
filtrate was concentrated using a rotary evaporator at 64.5°C
(percentage  yield:  5.7%)  and  stored  at  4°C  for  further
examination.  Extracts  were designated as  C.  seifrizii  fruit
methanol extract: CFME.

GC-FID Analysis of Extracts
According to Amrita et al.,  (9),  a gas chromatography flame
ionization detector (GC-FID) system (Chemtron Pvt ltd. 2045)
was used to identify phytochemicals in methanol extracts of
fruits  of  C.  seifrizii.  Sample  volume of  2µl  was  used  for
analysis  in  a  split  mode.  10%  OV-17  was  placed  onto
80–100% mesh Chromosorb W (HP) in a 2-meter stainless-
steel column that was part of the GC apparatus. 30 mL per
minute of nitrogen gas (99.9995% purity) was employed as
the gas used for the mobile phase. The temperature of the
injector and detector was retained at 200°C and 250°C. The
oven's ramping settings were 110°C at first, then 200°C at a
rate of 2°C per minute. By comparing the relative retention
time  with  authenticated  standards  and  data  from  the
literature, bioactive chemicals were found (10).

Fingerprint Analysis of Extracts
Understanding the chemical characteristics of the numerous
phytochemical  substances  and functional  groups found in
CFME  is  crucial  for  understanding  their  therapeutic  effects.
Thus in order for functional characterization, it was subjected
to  fingerprint  analysis  using  ultraviolet  spectroscopy  (UV),
Fourier  Transform  Infrared  Spectroscopy  (FT-IR)  and
fluorescence  spectroscopy  (9).  For  UV,  1  mL  of  CFME  was
subjected  to  scan  from 200 to  700  nm and peaks  were
recorded on UV-VIS spectrophotometer (Labtronics, India). To
identify functional groups in extracts' active components, FT-
IR analysis was done. About 10µL of extracts were used for
this little quantity and were scanned in the 400–4000cm-1

range using an FT-IR spectrophotometer (Perkin Elmer, USA).
For  fluorescence  examination,  3  mL  of  CFME  was  used  and
peaks were recorded (Perkin Elmer, USA spectrophotometer).
The  NN07  method  was  applied,  with  a  10nm slit  width,
emission ranging from 410nm-700nm, and a scan speed of
240nm/min  at  an  excitation  wavelength  of  380  nm.
Experiments  were  carried  out  at  room  temperature
(25°-30°C).  

In-vitro Evaluation of Antibacterial Activity
Using the agar disc diffusion technique (9), the antibacterial
activity of CFME was evaluated against four test organisms:
Pseudomonas aeruginosa  (MTCC 424),  G+ Staphylococcus
aureus  (MTCC 3160), Bacillus subtilis  (MTCC 121), and G-
Escherichia  coli  (MTCC 40).  Sterilized  paper  discs  with  a
diameter of 5 mm were impregnated with CFME ( 80 µg). For
every  microbial  strain,  12-hour-old  cultures  were  used to
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establish new inoculums. The LB-Agar plates were swabbed
with bacterial  suspension and then left to dry for half  an
hour. The paper discs loaded with CFME were then placed in
the center of the petri plates. The plates were incubated for
24 h at 37°C after being left at room temperature for 20 min.
Gentamycin was used as the positive control (100µg/disc).
Methanol  was  used  negative  control.  Using  a  trans-
illuminator,  one can see the zone of inhibition (ZOI:  mm)
surrounding the disc after incubation; this radius is indicative
of the antibacterial activity of extracts.

Membrane Integrity Assay
The  effect  of  CFME  on  membrane  integrity  was  examined
against the bacterial strains Pseudomonas aeruginosa (MTCC
424,  G-),  Escherichia  coli  (MTCC  40  G-),  Staphylococcus
aureus (MTCC 3160 G+), and Bacillus subtilis (MTCC 121 G+)
in accordance with the protocol described by Nirmala et al.,
2020 (40)  with  some modifications.  CFME (80  µL)  was  used
to treat  the bacteria (1x108  CFU/mL).  Bacterial  cells  were
treated with 200 µL of Triton X-100 as a positive control. As a
negative  control,  untreated  cells  were  used.  After  being
incubated in an orbital shaker incubator at 37°C and 150
rpm for 12 h, the treated cells were monitored. One mL of
the sample of each bacterial strain was extracted from each
flask  after  an  equivalent  amount  of  time  had  elapsed.  The
cytoplasmic contents  were then extracted by centrifuging
the cells for 10 min at 6000 rpm. The resultant supernatant
was collected and analyzed at 260 nm using a Labtronics
single beam UV spectrophotometer.

Computational Studies
To  validate  the  wet  lab  study,  the  in-silico  analysis  was
conducted  using  major  phytocompounds  osthole  against
targeting PdeF, associated proteins involved in the bacterial
cell wall synthesis.

Preparation of Ligands 
Major  abundant  bioactive compound viz:  osthole  in  CFME
was chosen as ligand for molecular docking studies. Ligands
were prepared by retrieving SMILES from the NCBI-PubChem
(https://pubchem.ncbi.nlm.nih.gov/)  database  and  3-D
structures were generated using UCSF-chimera. Gentamycin
drug was used as a standard inhibitor.

Target Protein Preparation
The crystal structures PdeF (pdb id: 7fbg) was employed as
target enzymes in this study. PdeF structure was obtained
from the RCSB-PDB database (https://www.rcsb.org/). Target
enzyme receptors were prepared for docking studies using
the dock prep set up in the Chimera software. Dock prep is
an  optimization  part  that  corrects  structure,  charge
anomalies,  and  atomic  bond  length.

Molecular Docking
To investigate the binding method of bioactive compound
selected as ligand with members of PdeF protein, molecular
d o c k i n g  w a s  c a r r i e d  o u t  b y  u s i n g  C b - d o c k 2
(https://cadd.labshare.cn/cb-dock2/php/index.php).  Docking
was executed by uploading the ligand and target enzyme
molecules  in  a  .pdb  file  to  the  cb-dock2  tool.  The  best-
generated  model  in  the  .pdb  file  is  downloaded  and  saved.
The enzyme-ligand 2-D interactions were predicted by using
the Biovia 2020 and UCSF Chimera tools.

Molecular Dynamic Simulation (MDS)
To  ascertain  the  binding  stability,  conformation,  and
interaction modes between the chosen best docked bioactive
compounds  (ligands)  and  receptor  (PdeF),  the  molecular
dynamic  simulation  was  assessed  following  Chauhan  and
Sharma  (2025).  GROMACS  2019.2  software  was  used  to
perform molecular dynamics analyses on the chosen ligand-
PdeF complex  files.  In  order  to  reduce the  initial  vacuum in
the molecular dynamic simulation, 5000 steps were taken
using the steepest descent technique. The complex structure
in a cubic periodic box of 0.5 nm was solved using a simple
point charge (SPC) water model. The complex system was
then supplemented with a sufficient amount of Na+ and Cl−
counter ions to maintain the salt concentration at 0.15 M.
The NPT (Isothermal-Isobaric, constant number of particles,
pressure,  and  temperature)  equilibration  was  used  to
simulate  each  complex  for  50  ns  in  the  final  run
(https://simlab.uams.edu/,https://sibiolead.com/MDSIM).  As
functions of structural stability, the outcomes of the post-MD
simulation  studies  were  shown  as  RMSD,  RMSF  and  Rg.
Additionally, binding free energies were estimated using the
generalized  Born  surface  area  (MM-GBSA)  of  molecular
mechanics, which was determined via equilibrated GROMACS
trajectories.

Drug-likeness and ADMET
Physiochemical  properties  and Drug-likeness  properties  of
ligand (osthole) were conducted by employing SWISSADME
(http://www.swissadme.ch/).  Pharmacokinetics  ADMET
(Absorption,  distribution,  Metabolism,  excretion  and
Toxicity),  studies  were  conducted  using  ProTox  3.0  tools
(https://tox.charite.de/protox3/)  and  pkCSM  tools
(https://biosig.lab.uq.edu.au/pkcsm/).

Statistical Analysis
Microsoft Excel and SPSS 26.0 of the Statistical Product and
Service Solution (SPSS) were utilized to analyze the collected
data  of  ZOI.  To  determine  the  statistical  significance  of  the
data between groups, Tukey HSD post-hoc statistical analysis
was conducted. At p < 0.05, mean differences were deemed
significant.  The  trials  were  conducted  in  triplicate  (n  =  3),
and  the  results  were  presented  as  Mean  ±  Standard
Deviation.

Results and Discussion
Fingerprint Analysis of Chamaedorea seifrizii
Fruit (CFME) Extracts
UV-VIS Spectroscopy provides a highly thorough insight of
the  quantitative  and  qualitative  makeup  of  plant-based
bioactive  chemicals  and  herbal  derivatives.  This
spectroscopic  fingerprint  helps  with  quality  control,  drug
development,  and  comprehending  characterization,
identification, and quantification of several phytochemicals in
a sample. The existence of phytochemicals was shown by
the  qualitative  UV  spectroscopy  profile  of  CFME,  which
showed several  strong peak  from at  about  350 nm with
absorbance of 1.3 (Figure 2A). Early study by Sowmya et al
(11) reported that certain kinds of phytosubstances can be
identified by the presence of peaks in particular wavelength
bands. For instance, the absorption in the 200–400 nm range
points to heteroatoms and unsaturated groups, which are
characteristics  of  organic  chromophores.  The  term  "UV
profile"  describes  a  phytochemical's  distinct  ultraviolet-
visible  (UV-Vis)  spectroscopy  signature,  which  shows
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particular  absorption  bands  that  signify  the  presence  of
phytochemicals (12). The presence polyphenolics was further
validated  by  quantitative  analysis  test  which  revealed
contents is a following order: Phenolics: 392.23±0.23 [µgGAE
gDW-1], Flavonoids: 290.33±3.85 [µgRUT gDW-1], Tannins:
208.85±2.12 [µgAA gDW-1] (Supplementary Table 1).

Fluorescence spectroscopy is  a highly sensitive,  rapid,
and  often  non-destructive  analytical  technique  used  to
detect,  identify,  and quantify compounds by generating a
unique  "fluorescence  fingerprint".  Fluorescent  spectroscopy
is  used  to  create  a  "fingerprint"  for  detecting  compounds
(13). This method relies on the unique spectral properties of
compounds, allowing for rapid, non-destructive and sensitive
analysis (14). The fluorescence emission spectrum of CFME is
shown in Figure 2B. One prominent peak lambda at 450 nm
(green fluorescent region/) was seen in CFME, suggesting the
presence  of  secondary  metabolites  compounds  in  CFME.
Flavonoids, terpenoids, and flavins may be the biomolecules
found  in  the  green  fluorescent  area  (14).  Donaldson,  (15)
reported  that  flavonoids  are  of  interest  as  potential
therapeutic agents and are autofluorescent with emission at
green,  yellow and orange wavelengths  in  plants  such  as
Eysenhardtia  polystachya.  Singh  and  Mishra  (16)  also
reported the presence of polyphenolics and anthocyanins in
vegetables extracts in the fluorescent range of 500-650 nm.
A  wide  band  in  the  650  nm  (red  fluorescent  region)  is
frequently  ascribed to  alkaloids,  polyacetylenes  chemicals
and products of the Maillard process when stimulated at 280
nm (14, 15). Plant’s fluorescence emission spectrum may be
thought of as its chemical signature, reflecting how it reacts
to  biotic  and  abiotic  environmental  challenges  and
highlighting the importance of secondary metabolites. When
exposed to radiation of an appropriate wavelength, a variety
of  metabolites,  including  proteins,  coenzymes,  flavonoids,
phenolics,  alkaloids,  chlorophylls,  and  components  of  cell
walls,  exhibit  autofluorescent  behavior  (14).  The
accumulation  of  fluorescent  secondary  metabolites,  such as
terpenoids, carotenoids, and phenolics, which are critical for
the proper growth and development of plants, is thought to
shield cellular structures from the damaging effects of abiotic
stressors. Szukay et al (14) studied bee products and cited
that  the presence of  a  distinct  mix  of  vitamins,  phenolic
compounds,  aromatic  amino  acids,  and  Maillard  reaction
products  gives  fluorescent  characteristics  in  bee  products.
Many  chemical  compounds  such  as  polyphenols  and
flavonoids are fluorophores in spice extracts (15).

FT-IR  fingerprint  analysis  of  extracts  provides  a  rapid,
non-destructive, and low-cost method to identify chemical
composition by detecting functional groups and vibrational
signatures, particularly in the 1500–500 cm-1. The spectrum,
often viewed in the fingerprint region (500– 1500 cm -1), acts
as a unique signature of the compound's structure, allowing
for  distinguishing  between  species  or  plant  parts.  FT-IR
profile  of  CFME  is  displayed  in  Figure  2C.  Four  major
sections may be distinguished in the FT-IR spectrum: the first
is 4000-2500 cm-1, the second is 2500-2000cm-1, the third is
2000-1500cm-1, and the fourth is 1500-400cm-1. Due to its
abundance of complex peaks, the fourth area of the infrared
spectrum is  often  referred  to  as  the  fingerprint  region  (16).
FT-IR spectrum was measured at the range of 4000-650 cm-1

that  showed  different  peaks.  Supplementary  Table  1
provides comprehensive details  on every peak.  The FT-IR
peaks showed variance across in extract. The FT-IR spectra
of both CFME showed a wide band in the 3400–3200 cm-1

region, which was caused by the OH– group and therefore
indicated the presence of  phenolic  chemicals.  This  region
exhibits  both  symmetric  (sym)  and  asymmetric  (asym)
stretching due to polymeric  hydroxyl  group (O–H) and H-
bonded stretching that is typical of polyphenolic compounds
(16).  Other  distinct  bands  were  seen in  CFME extract  at
around 2800–2900 cm-1, which was caused by C–H stretching
from the alkanes. This was due to the -CH, -CH2, and -CH3

stretching  vibrations,  which  are  produced  from  the
carbohydrates  and  sugars  in  herbal  extracts  (16).
Furthermore,  at  around  1200  cm−1,  the  phenolic  C–O
stretching  was  detected.  The  C–O  of  pyran,  which  is
characteristic  of  flavonoid  C-rings,  is  the  cause  of  this
stretching  (16).  The  presence  of  aromatic  chemicals  is
strongly  correlated  with  these  group  frequencies.  The
1500–400  cm -1  area  of  the  FT-IR  spectrum,  showed
variations. The area, which stretched between 1500 and 400
cm−1, is sometimes referred to as the fingerprint region due
to  the  abundance  of  distinctive  single  bands  with  low
intensities  that  are  linked to  particular  functional  groups.
C–H, C–O, C–N, and P–O bonds are among these groupings. It
is the fourth main area in the infrared spectrum, so named
because it has a great deal of complicated peaks. Fourier
Transform Infrared Spectroscopy (FT-IR), often referred to as
“fingerprint"  method  because  it  produce  distinct
"fingerprint,"  or  spectral  pattern  which  is  particular  to  a
molecule  or  a  compound.  This  unique  fingerprint  pattern
enables  the  identification  and  examination  of  chemical
compositions and structures (17).  As per earlier research,
herbal extracts may be identified and characterized using FT-
IR  spectroscopy,  which also  helps  with  quality  control  by
identifying  functional  groups.  It  offers  a  non-destructive
technique for sample analysis that calls for little setup and
little amounts. Numerous researches have been conducted
on the use of spectroscopic techniques, particularly Fourier-
transform infrared spectroscopy (FT-IR), to identify bioactive
chemicals in plants (18). These results imply that secondary
metabolites  are  plentiful  in  Chamaedorea  seifrizii  fruits
(CFME)  extracts.  The  existence  of  the  aforementioned
secondary metabolites may be the cause of Chamaedorea
seifrizii therapeutic qualities.

GC-FID Identification and Quantification of
Bioactive Compounds Present in Chamaedorea
seifrizii Acetone Extracts
Phytochemical  fingerprinting  is  a  qualitative  technique  that
uses color changes and/or precipitates of herbal formulations
as markers of the presence of secondary metabolites in plant
material (19). Many modern analytical techniques have been
created  in  the  domains  of  clinical,  pharmacological,  and
biochemical  research.  These  techniques  are  essential  for
figuring  out  a  substance's  pharmacological  features,
therapeutic  qualities,  active  ingredients,  and  other  specifics
of its usage. Although GC-MS technique was limiting factor of
the present study, however, GC-FID phytochemical analysis
is  one  of  the  contemporary  methods  for  identifying  and
isolating phytoconstituents.  GC-FID is a modern technique
that  may  be  used  to  ident i fy  and  iso late  p lant
phytoconstituents (19). Figure 3 shows the typical GC-FID
chromatogram, which show the peaks that  correspond to
several  bioactive  compounds  found  in  the  extracts  of
Chamaedorea seifrizii methanol extract (CFME). It lists the
compounds  present  in  the  CFME,  together  with  their
percentage (%) compositions, and retention time (RT). The
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GC–FID  analysis  of  CFME  led  to  the  identification  of  13
components.  As  shown  in  Figure  3,  dominant  phenolic
compound was  osthole  (12.28%).  These  findings  are  similar
to those of Duru, (20), who used gas chromatography and a
flame  ionization  detector  to  measure  the  phytochemical
content in solvents and observed maximum amount in an
ethanolic extract of Zeamays husk. Additionally, there have
been  reports  of  some  of  these  components'  biological
activity.  Numerous  plants  naturally  contain  osthole,  a
substance that  resembles  coumarin.  It  is  renowned for  a
variety  of  pharmacological  properties,  including  as  anti-
cancer  and  anti-osteoporotic  actions  (21).  According  to
certain research, osthole may have neuroprotective benefits
(22).  Chen  et  al.,  (23)  reported  that  osthole  suppresses
ITGα3/ITGβ5  signaling,  which  prevents  highly  metastatic
breast cancer cells from migrating and invading. Because of
its many biological actions, osthole is being researched for
its potential as a therapeutic substance. Additional possible
advantages: osthole is also being investigated for its ability
to cure diabetes, allergies, and other ailments (21). Based on
this data, it was concluded that Chamaedorea seifrizii is rich
in  phytochemical  constituents  that  have  a  key  biological
activities,  such as,  antioxidant  according to  the reviewed
literature. Consequently, the diverse range of physiological
potentials  and  biological  activit ies  exhibited  by
Chamaedorea seifrizii may be attributed to the existence of
these bioactive chemicals.

In silico Analysis 
Molecular Docking
PdeF (Peptidoglycan Editing Factor), which is necessary for
the latter  stages of  peptidoglycan (PG) bacterial  cell  wall
formation,  was  the  focus  of  this  in-silico  investigation.
Molecular  docking  is  one  of  the  efficient  computational
methods utilized in this scenario to forecast and detect the
potential binding mode that takes place between a chemical
and  a  certain  target  protein  or  receptor  (24).  Molecular
docking is a robust and reliable technique for analyzing the
binding  affinity,  pose  orientation,  and  interaction  pattern  of
small molecules in the active area of the target protein. The
benefits of molecular docking for drug design and discovery
are  well  established.  In  terms  of  time  and  resource
investment,  the  dry  lab  approach  offers  a  significant
advantage  over  in  vivo  lab  experiments  (25).  Molecular
docking has been an essential part of in-silico drug research
in recent years (25). This structure-based approach aims to
predict  the  atomic-level  interaction  between  a  small
chemical  and  a  protein.  This  enables  researchers  to
understand the fundamental biochemical process underlying
this interaction and investigate how small molecules, such as
bioactives,  behave  within  the  binding  region  of  a  target
protein (26).

PdeF was used as target in this molecular docking study,
with  the  most  prevalent  phytocompound  osthole,  as
identified  by  GC-FID,  found  in  C.  seifrizii  methanol  extracts
(CFME).  Table  1  shows  the  docking  score  for  osthole
bioactive molecule against target (PdeF) and other relevant
information. Figure 4 shows 3D model of PdeF complex with
highly affinitized ligand osthole.  Osthole was shown to have
binding potentials with binding energy -6.8 kcal/mol.  Less
binding  energy  indicates  higher  affinity  of  ligand  towards
target protein. When ligand-receptor interactions take place,
binding affinity is  a crucial  element that must be taken into
account. The ligand (compound) needs less energy to attach
to the receptor if the binding affinity is high. Therefore, high

binding  affinity  levels  have  a  greater  potential  to  interact
with  target  macromolecules.  Notably  when  positive  drug
gentamycin was docked to PdeF, binding energy was -6.7
kcal/mol.  It  clearly  indicated  that  bioactive  compound
osthole has robust binding with PdeF protein comparable to
synthetic  drug  gentamycin.  By  examining  the  docked
structures,  significant  interactions  between  the  ligand  and
the  protein  are  also  found,  such  as  alkyl-Pi-alkyl,  and
hydrogen  bonding  interactions.  These  interactions  can
provide information about the ligands' mechanism of action
and guide further structural optimization (27). The ligand's
capacity to form hydrophobic or hydrogen bonding contacts
with the active site residues of the receptor protein during
docking  determines  its  affinity  for  the  receptor.  The  two-
dimensional interactions between osthole and the amino acid
residues in the corresponding target protein's active region
are depicted in Figure 4. Our results showed that osthole
ligand could dock at the binding site of PdeF. Despite having
somewhat  different  docking  scores,  pose  orientations,  and
interaction patterns, both ligands preferentially occupied the
binding region and formed polar and non-polar interactions
including pi-pi stacking, alkyl, pi-alkyl, and hydrogen bonds
(H-bond)  in  the  PdeF’s  enzyme's  active  sites  via  contact
residues.  For  instance:  it  was  observed  that  most  stable
complex osthole– PdeF was stabilized by 4 conventional H-
bonds. The amino acids THR 24, LYS 267, GLN 15, which
form conventional hydrogen bonds when the ligand binds to
PdeF  receptor,  play  an  important  role  in  antibacterial
activity. This finding indicates that C. seifrizii extract (CFME)
compound osthole possible depict antibacterial mechanism
by targeting PdeF. In-depth analysis revealed that osthole
showed  affinity  towards  DUF152  domain  of  PdeF  involving
“A” chain residues similar to synthetic drug gentamycin. It is
part of the core domain of PdeF proteins and is implicated in
peptidoglycan editing (2). Although bacterial peptidoglycan
editing factors are acknowledged as a promising new target
for antibacterial medicines, there are presently no licensed
medications that particularly target them. Ongoing research
is looking at novel enzymes in the larger peptidoglycan (PG)
production  pathway  as  possible  pharmacological  targets,
although  numerous  current  drug  classes,  including
vancomycin,  cephalosporins,  and  penicillins,  target  this
process  (28).  Even  though  there  aren't  any  particular
medications available to block PdeF, the continued study in
this field shows promise for the creation of new antibacterial
treatments  in  the  future  that  could  circumvent  existing
resistance mechanisms (29). The results of the study suggest
that  C.  seifrizii  extracts  could  be  the  primary  source  of
antibacterial substances. According to the data mentioned
above,  phytocompounds  exhibited  a  high  affinity  for  PdeF
after ligand contact.  Consequently,  it  was postulated that
PdeF alteration results in a modification of the bacterial  cell
wall  and  enzyme  conformation.  By  stopping  bacterial
viability,  all  of  these  occurrences  lessen  the  bacteria's
capacity to invade the host cell. Previous research has also
shown through  in-silico  results  that  multi-pharmacological
drugs  have antibacterial  properties  that  can regulate  the
proliferation of microbial strains (41). Osthole has potential
antibacterial  activity  based on in  silico  molecular  docking
studies.  Overall,  it  was  proposed  C.  seifrizii  by  virtue  of
having richness of phytocomponents like osthole could be
promising candidates as antibacterial agents.

Molecular Dynamics Studies
Best-docking  scored  model,  osthole-  PdeF  complex,  was
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chosen  for  a  50  ns  all-atom  MDS  Molecular  dynamics
simulation (MDS) was used to verify docking results. MDS
makes  it  easier  to  accurately  analyze  the  dynamics  of
biological  macromolecules  in  a  controlled  physiological
setting. Using MDS, a computational method for analyzing
the  physical  interactions  in  a  biophysical  system,  the
flexibility  and  structural  alterations  of  docked  complexes
may be seen over the simulation time. According to Liu et al.
(30), such an investigation would also evaluate the ligand's
crucial  binding  interactions  with  important  catalytic  site
residues  and  provide  valuable  insights  into  the  dynamic
behavior  of  the ligand and protein.  Figure 5  display the
findings  of  the  post-MD  simulation  studies,  which  is
expressed  as  RMSD,  RMSF  and  Rg  as  function  of  the
structural stability. 

In  comparison  to  the  reference  beginning  structure,
RMSD calculates the average distance between atoms in a
structure at a given point in the simulation. The total time-
dependent structural divergence or similarity between the
structures captured in the trajectory is therefore examined.
Examining how RMSD values vary over time or under various
circumstances  might  help  one  understand  the  complex's
dynamics and stability (31). This graph displays the degree
of  ligand-protein  binding  site  compatibility  during  the
simulation. A falling pattern might indicate that the ligand is
adopting a more advantageous binding position, whereas a
rising  pattern  would  indicate  that  it  is  exploring  other
orientations. A stable fit means that the ligand's binding form
remains constant. Important information on the orientation
and structure of the simulated ligands in relation to their
binding  pocket  might  be  obtained  by  tracking  RMSD
trajectories. After a few nanoseconds, the target, achieved
stable confirmation, as the plot of the osthole- PdeF complex
demonstrates.  The  first  binding  to  the  substrate  causes
massive  fluctuations  between  0.5  nm  and  1.0  nm  in  the
RMSD trajectory upon ligand binding till 15 ns, followed by
the equilibrium state at <1.0 nm during simulation time. The
ligand-protein's RMSD trajectory suggests that it  could be
trying to find a better binding posture during the simulation,
based on the initial binding position. The trajectory seems to
have established a better suitable binding position toward
the conclusion of the experiment, stabilizing at around 0.9
nm  until  50  ns.  This  finding  proved  that  ligand  binding
stabilizes the protein structure. These results also validated
docking studies, indicating the impactful role of C. seifrizii as
antibacterial agent having therapeutic applications.

The  macromolecular  system's  conformational  stability
may  also  be  described  using  root-mean-square  fluctuation
(RMSF). It is an essential metric for assessing the stability
and  flexibility  of  complex  systems  during  simulation.  The
protein's Cα atoms' RMSF values were computed and shown
in  relation  to  the residues  (Figure 5).  The complex's  N-
terminal  (1–100  aa),  middle  part  (100–300  aa),  and  C-
terminal (300 aa–onwards) sections have been identified for
investigation.  With  the  exception  of  small  peaks  in  the
protein's C-terminal region, the amino acid residues in the
osthole–PdeF  complex  under  study  showed  very  little
fluctuation  throughout  the  simulation  and  remained  below
0.4 nm. These results showed that ligand binding had no
appreciable effect on the protein's flexibility, with an overall
RMSF tone ranging from 0.1 to 0.4 nm. Due to its loop shape,
the protein's C-terminal displayed comparatively large RMSF
variations.  Furthermore,  because both  are  proportionately
connected, RMSF values fully supported findings from earlier
RMSD  trajectory  analysis,  indicating  the  preferentially

greater stability of the osthole–PdeF complex. The radii of
gyration  (Rg)  of  the  osthole–PdeF  complex  was  also
investigated.  To  investigate  changes  in  structural
compactness, the Rg values of protein backbone atoms were
plotted  versus  time  (Figure  5).  After  the  first  simulation
phase,  the  ligand-RelB  complex  binding  of  osthole–PdeF
dropped  to  3.85  nm.  It  indicated  a  more  compressed
secondary structure following ligand binding to PdeF protein.
The prior RMSD and RMSF findings were in good agreement
with all of the Rg values. Further, the binding free energy
between best docked ligand and PdeF protein was calculated
using  the  MM-PBSA  method,  a  technique  for  computing
binding  energy  based  on  molecular  mechanics,  Poisson-
Boltzmann, and surface area approaches. The osthole-PdeF
complex's  resultant  ΔGbind  was  determined  to  be
-65.2± 20.14  kJ  mol–1.  

Wet Lab Validation
Antibacterial Activity of Chamaedorea seifrizii Methanol
Extract
In  order  to  confirm  the  in-silico  results,  the  wet  lab
experiment  research  was  created  to  evaluate  the
antibacterial  properties  of  CFME  against  four  bacterial
strains. The results are shown in Table 2 and Figure 6 that
demonstrated  the  significant  antibacterial  impact  of  CFME.
Upon CFME treatment, ZOI ranged from 0.2 cm to 1.7 cm,
with  most  predominant  effect  on  Pseudomonas  aeruginosa
(MTCC 424) with ZOI 1.7 cm. Staphylococcus aureus (MTCC
3160) and Bacillus subtilis (MTCC 121) exhibited moderate
inhibitory activity with ZOI value 0.2 cm. Very interestingly,
when  compared  with  positive  drug  gentamycin,  against
bacterial  strain  MTCC  3160,  notable  ZOI  were  observed
where as positive control was unable to inhibit the growth of
the pathogen. Although antimicrobial activity of CFME may
be  due  to  presence  of  major  phytocompound  such  as
osthole.  However,  the  antimicrobial  role  of  other
phytochemicals existing in minor amounts can’t be ruled out
(32). C. seifrizii strong antibacterial qualities may be due to
the presence of  synergic action of  both major and minor
bioactive  components  that  inhibited  hydrolytic  enzymes
(proteases)  or  suppressed  partners  cell  wall  envelop
proteins,  microbial  adhesions,  and  non-specific  interactions
with carbohydrates (32). Further, antimicrobial potential of
CFME against G-bacteria made an important discovery, as
Gram-bacteria are mostly resistant to antibiotics. According
to earlier research, G-bacteria have stronger cell walls than
Gram+ bacteria, which enable them to show resistance to
antibiotics.

Membrane Integrity Assay (Cytoplasmic Content Release)
of Chamaedorea seifrizii Methanol Extracts
As postulated earlier,  molecular docking predicted binding
affinity  of  phytocompounds  with  cell  wall  based  PdeF
receptor  and  identifies  key  interactions  (like  hydrogen
bonding)  between  a  ligand  and  a  target  or  receptor.  To
support the postulated mechanism of PdeF inhibition and the
antibacterial action of CFME, a cell wall integrity test is often
undertaken  to  illustrate  how  the  drug  affects  bacterial
structural defenses. It verifies if the antibacterial drug works
by increasing membrane permeability or causing damage to
the bacterial cell wall, rather than just metabolic inhibition. It
aids in determining whether the extract's constituents target
structural integrity or outer membrane proteins. Thereby to
support  the  proposed  mechanism  of  PdeF  inhibition  and
antibacterial activity of CFME, cell wall integrity assay was

in-
pr

es
s

https://etflin.com/sciphy


Sharma, A.D. et al. (2026)

Sciences of Phytochemistry · DOI 10.58920/etflin000000 (pending update) Page 7

conducted.  The  membrane  permeability  experiment  was
used  to  confirm  the  pathogen's  cytoplasmic  leakage  upon
engagement with the CFME formulations. Spectroscopy using
UV light  was used to  measure the fluid system's  absorption
of  visible  and  ultraviolet  wavelengths.  This  helped  to
establish a connection between the amount of cytoplasmic
leakage  and  light  absorption.  Pseudomonas  aeruginosa
(MTCC 424), Staphylococcus aureus  (MTCC 3160), Bacillus
subtilis  (MTCC 121),  and Escherichia coli  (MTCC 40) were
exposed  to  CFME  for  0–12  h  in  order  to  examine  the
membrane  integrity  of  these  substances  (Figure  7).
Antibacterial  action was demonstrated by CFME in  a  test
pathogen-dependent manner. Additionally, all bacterial cells
treated with CFAE showed a linear rise in CCR as evidenced
by  increase  in  absorbance  values.  The  results  showed
proving that the permeability of the bacterial cell wall was
increased after 12 h of treatment with CFME. The leakage of
nucleic acids or proteins from the cell is often a critical sign
of  cell  membrane integrity.  CFME showed almost  greater
CCR to reference control Triton-X-100 with MTCC 40, 121,
and 3160 pathogens as compared to positive control data.
By serving as an in vitro validation technique to demonstrate
that the anticipated, in silico binding (docking) of a chemical
to a target  protein truly causes a physical,  functional,  or
structural  change  in  the  membrane,  membrane  integrity
assays validated the docking of bioactive substances. This
prediction  was  functionally  validated  by  the  membrane
integrity  experiment.  A  ligand  binding  to  a  membrane-
related enzyme may have been demonstrated by docking.
The functional consequence of the binding, which is that the
substance  affects  the  structural  integrity  of  the  membrane,
was validated by an experiment that measured the leakage
of  cytoplasmic  components.  Numerous  new  drugs  and
natural  extracts  have  antibacterial  activity  through
morphological  alterations  and  membrane  disruption.  The
bacterial membrane's integrity is essential for life and can
either directly or indirectly causes cell death. The bacterial
cell  membrane performs important functions such as lipid
production,  transport,  osmoregulation,  and  peptidoglycan
cross-linking. Studies in the literature on the disruption of
membrane cells by natural extracts from various medicinal
plants  have  shown  that  natural  extracts  and  their
constituents act against a variety of targets, especially the
cytoplasm and cell  membrane, and sometimes completely
change the Ammendolia  morphology of  the  cells  (33).  In
essence, while docking predicted that a compound binds to a
site that might lead to disruption, the membrane integrity
assay proved that the predicted interaction leads to actual
membrane disruption. The assay provides physical evidence
that CFME causes structural failure in the bacteria, validating
that  PdeF  inhibition  leads  to,  or  coincides  with,  cell  wall
collapse.

In-silico Pharmacokinetics
Table  3,  describes  physiochemical  properties  and  drug
likeness of  osthole.  The Molecular  Weight  of  osthole  was
244.29  g/mol  and  topological  Surface  Area  (TPSA)  was
105.693  Å².  LogP  value  was  3.34.  Drug  likeness  was
evaluated by based on rules such as using Lipinski, Veber,
and Egan's. It was observed that bioactive compound osthole
did  not  violate  Lipinski  rule  of  five (RO5).  Drugs  used orally
are  not  allowed to  break  more  than one  of  the  five  Lipinski
guidelines.  Bioavailability  score  of  osthole  was  0.55.  The
pace and degree to which a medication (or other chemical)
enters the bloodstream and circulates throughout the body is

referred to  as  its  bioavailability.  It's  a  key component  in
figuring  out  how  well  a  medication  will  function  after  being
taken.  A  "good"  bioavailability  score,  especially  for  oral
drugs, generally indicates a high probability of a compound
being  absorbed  into  the  bloodstream  after  being
administered; a score of 0.55 or higher is often considered
optimal, meaning a large portion of the drug will be absorbed
and enter the systemic circulation (34). However, the ideal
score  can  vary  depending  on  the  specific  drug  and  its
intended  use.  Thus,  it  can  be  said  that  the  identified
compound is soluble and permeable, making them suitable
for usage as oral anticancer medications. These observations
could be a good indicator of  medication safety (35).  This
proved that molecule possessed properties similar to those
of drugs.

Further ADMET properties of osthole were also predicted
using  pkCSM  online  server  (Table  4).  Pharmacokinetic
properties include absorption (human intestinal  absorption
(HIA)  and  human  colon  adenocarcinoma  cells  (Caco-2),
distribution (plasma protein binding (PPB) and blood-brain
barrier (BBB), metabolism (CYP2D6 and CYP3A4 as substrate
and  inhibition),  and  toxicity  test  (mutagenic  and
carcinogenic) were predicted in compounds of papaya leaves
before further stages (clinical trials). Caco-2 showed value of
-4.612, indicating good permeability. Caco-2 is widely used
as a model in in vitro testing when predicting human drug
absorption  through  the  intestinal  epithelial  cell  barrier.
Osthole showed high GI absorption with TPSA 39.44 Å. Srimai
et al. (36) found that ligands with smaller molecular weights
had a higher probability of diffusing rapidly and overcoming
biological membranes. According to Wu et al. (35), TPSA is a
very accurate indicator of drug absorption. A log BB value of
0.426 indicates a compound with high blood-brain barrier
(BBB)  permeability.  BBB  is  used  to  characterize  the
distribution  of  compounds  to  the  blood-brain  barrier
membrane  permeability  (37).  A  log  Ps  (logarithm of  the
p e r m e a b i l i t y - s u r f a c e  a r e a  p r o d u c t )  v a l u e
of  -2.01  indicates  moderate  to  high,  likely  sufficient,  CNS
permeability.  Further,  osthole  was  non-substrate  to  P-
glycoprotein  (P-gp)  efflux  exporter.  By  pumping  drugs  back
into the lumen, P-gp decreases the absorption of drugs in the
stomach.  Osthole  had  an  inhibitory  effect  on  the  CYP1A2,
CYP2C19  and  CYP2C9  enzymes  and  non-inhibitory
capabilities against the other enzyme series such as CYP2D6
and CYP3A4. According to Srimai et al. (36), the liver is home
to the CYP450 class of enzymes that aid in the organism's
detoxification  process.  CYP2D6  and  CYP3A4  are  two  of  the
subtypes of cytochrome P450 (CYP450), an essential enzyme
system  for  drug  metabolism  in  the  liver.  Since  they
metabolize around 50% and 30% of the medications on the
market,  respectively,  CYP3A4  and  CYP2D6  are  the  most
important CYP enzymes (37). Osthole was non-substrate to
Renal  OCT2  (Organic  Cation  Transporter  2).  These  are
transporters, playing key roles in drug elimination. Radar and
network charts to depict ADMET is also illustrated in Figure
8.

Ligands'  toxicity  profile  was  also  determined  (Table  4).
According to Van Norman (38), a toxicity study is required for
drugs  that  might  endanger  humans,  animals,  or  the
environment.  Predication  was  based  on  different  level  of
toxicity such as organ toxicity (neurotoxicity, cardiotoxicity,
hepatotoxicity,  respiratory  toxicity,  and  nephrotoxicity),
toxicological  endpoints  (like  cytotoxicity,  immunotoxicity,
mutagenicity,  carcinogenicity,  clinical  toxicity,  ecotoxicity,
and  nutritional  toxicity),  toxicological  pathways  (AOPs),
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toxicity targets, targets for molecular initiating events (MIEs),
and six  molecular  targets  for  metabolism are among the
diverse  levels  of  toxicity  that  the  prediction  scheme  is
divided  into,  thereby  providing  insights  into  the  possible
molecular mechanism behind such toxic response. Further,
in-depth toxicological evaluation revealed that both of the
bioactive  substances  used  as  ligand  is  insensitive  to
biological processes that depend on targets, including the
stress  response  or  nuclear  receptor  signaling  pathways.
These have been described as significant biological targets in
the  human  body.  It  was  observed  that  osthole  is  safe
bioactive components since they fall within toxicity class 5,
gives strong indications that this compound may nonetheless
be non-toxic.  The lethal  toxicity  dosage of  a  medicine is
determined  by  the  hazardous  unit  called  LD50.  Osthole
expected  lethal  dose  (LD50)  was  2905mg/kg  making  it
favorably less toxic. The higher the lethal dose per kilogram
of  a  compound,  the  lesser  its  toxicity.  The  log10 (LD50)
values  of  3.6  for  osthole  on  the  hazardous  scale
demonstrated the bioactive chemical's non-toxic nature. The
−log10 (LD50) value of ligands on the hazardous scale falls
between  2.8  and  3.7,  indicating  that  the  bioactive
compounds are not poisonous. The findings of the Ames test,
a  common  biological  test  that  uses  mutant  bacteria
(Salmonella  typhimurium/E.  coli)  to  rapidly  screen
compounds  for  their  ability  to  induce  DNA  mutations
(mutagenicity) and, therefore, cancer (carcinogenicity), are
referred to as Ames toxicity. Notably, Ames test for osthole
was negative, suggesting that osthole was neither mutagen
or carcinogenic. Tiwari et al. (39) state that if all medications
are mutagenic, meaning they damage live cells and are the
main cause of diseases like cancer. According to the toxicity
profiles, which include hepatotoxicity, and skin Sensitisation,
osthole was not harmful to any organs (Table 4).

The goal of Tox21 (Toxicology in the 21st Century) is to
determine  how  environmental  toxins  disrupt  human
biological processes and employ high-throughput screening
to link these disruptions to unfavorable health effects. In an
effort  to  replace  animal  testing  with  molecular  and
computational  data,  it  assesses  substances  against
important  pathways,  such  as  nuclear  receptors,  stress
response  pathways,  and  developmental  pathways.
Interestingly, osthole was inactive against all pathways and
receptors involved in different pathways (Table 5). Over all,
it was observed that compounds were inactive for majority of
pathways thus exerting non toxic effects.

Conclusion
This study reports phytochemistry and antibacterial potential
of  Chamaedorea  seifrizii  fruit  based  methanol  extracts.
Chemical  profiling  revealed the  presence of  major  bioactive
compound  such  as  osthole  in  Chamaedorea  seifrizii  fruit
based  methanol  extracts.  In  silico  study  revealed  robust
docking of major phytocompound osthole with PdeF proteins
which was validated by MDS. In vitro antibacterial activity
assays  of  Chamaedorea  seifrizii  extracts  demonstrated
potential  growth  inhibition  against  tested  pathogens.
Therefore,  we suggest that Chamaedorea seifrizii  extracts
has potential to mitigate infections caused by gram positive
and  gram  negative  bacteria.  To  make  space  for  these
compounds in drug development, more research utilizing in
vitro and in vivo models should be carried out to validate
these compounds Chamaedorea seifrizii fruit based methanol
extracts.
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