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Abstract

This study explores the multidrug-resistant pattern of hospitalized pathogens and their
pharmacological impact against the secondary metabolites isolated from Calotropis procera, for its
medicinal properties. Moreover, this study implies that comprehensive analysis, including isolation of
multidrug-resistant hospitalized bacterial species and extraction and characterization of secondary
metabolites by GC-MS from Calotropis procera, molecular docking, ADMET profiling, and, was
conducted to evaluate the therapeutic potential of these compounds. The multidrug-resistant Klebsiella
pneumonia, Salmonella typhi, and Pseudomonas aeruginosa were isolated and they also showed
sensitivity against C. procera leaf extract. GC-MS reveals the key volatile compounds, including oleic
acid, and the molecular docking with the proteasome (PDB ID: 5JXG) identified 5-Methyl-2-
phenylindolizine as the most promising compound due to its high binding affinity (-6.7 kcal/mol), with
2,6-Dimethylphenol, 3,5-Dimethylaniline, and Ethyl Heptanoate showing progressively lower affinities.
Interaction analysis highlighted the importance of PRO266, TRP531, GLU271, and ARG490 residues.
ADMET profiling revealed that 2,6-dimethylphenol and 3,5-Dimethylaniline have favorable absorption
and minimal CYP interactions, while 5-methyl-2-phenylindolizine demonstrated excellent absorption
and BBB permeability. Additionally, the study found that C. procera metabolites could target furin, a
proprotein convertase involved in bacterial virulence, offering a novel approach to combat multidrug-
resistant bacterial infections. These findings underscore the potential of Calotropis procera metabolites
as effective therapeutic agents and active against multidrug-resistant bacterial species.

Keywords: Bacterial Multidrug Resistance, Calotropis procera, Molecular Docking, Secondary
Metabolites.

Introduction microorganisms such as bacteria, fungi, viruses,

) and parasites, is the cause of this resistance [1].
Because of the overuse and misuse of p ’ [1]

antibiotics in both human and veterinary The env1r0nme-nt 15 partlcula.rly concerm.ng d.ue
to the expansion and survival of antibiotic-
resistant genes (ARG) and bacteria (ARB) [2].

Multidrug-resistant (MDR) microbes have been

medicine, antimicrobial resistance (AMR) is a
serious worldwide health concern. The
development of resistance to antimicrobial

. . . iscovered in f il, water, and even the air
drugs, which are intended to eradicate discovered in food, soil, water, and even the air,
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indicating that this problem is not limited to
hospitals but also exists in community settings.
These environmental reservoirs aid in the
spread of AMR, which poses a serious global
health risk to the population [3]. Bacteria are
becoming more and more resistant to treatment,
which could undo decades of medical
advancement. This makes treating bacterial
infections and diseases more difficult. One of
the main causes of this urgent worldwide
problem is the overuse and misuse of antibiotics
in a variety of fields, including -clinical
treatment, agriculture, animal healthcare, and
the food system [4]. To combat this global
issue, researchers are exploring alternative
solutions, including the use of plants and their
phytochemical compounds such as primary and
secondary
compounds have shown promise in combating
AMR by inhibiting the growth of antibiotic-
resistant bacteria and enhancing the efficacy of
existing bacteria [5].

Metabolites are organic compounds
synthesized by plants and organisms using
enzyme-mediated chemical reactions within
metabolic pathways. These metabolites play a
crucial role in various biological processes, and
they can be broadly categorized into primary
and secondary metabolites [6]. Primary
metabolites, such as amino acids, nucleotides,
and simple carbohydrates, are essential for the
basic growth, development, and reproduction of
the organism. They are involved in fundamental
metabolic processes and are critical for the

metabolites. These  natural

organism's survival [7].

In contrast, secondary metabolites are not
directly involved in primary metabolic
functions but play significant roles in the
interaction of the organism with its
environment. These compounds, which include
alkaloids,
phenolics, are often species-specific and are

flavonoids,  terpenoids, and
synthesized for various ecological functions
such as defense mechanisms, competition, and
reproduction [7,8]. Secondary metabolites can
enhance an organism's ability to adapt to its

environment,  attract  pollinators,  deter
herbivores, or combat pathogens. The absence
of secondary metabolites does not result in
immediate death but can lead to long-term
impairment in survivability, fecundity, or other
fitness-related traits [9].

Calotropis procera (Figure 1), commonly
known as the Sodom apple, is a plant species
well-known for its production of a diverse array
of secondary metabolites. This plant has been
traditionally used in various medicinal
applications, particularly for its antimicrobial
properties. The study of secondary metabolites
from Calotropis procera is of significant
interest due to their potential therapeutic
applications. These metabolites are often
characterized by their distinctive colors,
fragrances, and flavors, which facilitate the
plant's interaction with other organisms [10-
12].

Recent advances in both in-vitro and in-
silico techniques have allowed for a more
comprehensive screening and analysis of these
bioactive compounds. In-vitro studies provide
insights into the antimicrobial efficacy of these
metabolites against various pathogens, while
in-silico studies offer a molecular-level
understanding of their interactions and
mechanisms of action [13—18]. By integrating
these approaches, we can better understand the
potential of secondary metabolites from
Calotropis procera as antimicrobial agents and
explore their applications in developing new
therapeutic strategies.

This study aims to screen and characterize
the secondary metabolites from Calotropis
procera and evaluate their antimicrobial
activity using a combination of in-vitro and in-
silico methodologies. The Calotropis procera
plant, renowned for its diverse medicinal
properties, has yielded several bioactive
compounds with potential therapeutic benefits.
In particular, this research focuses on the
proteasome as a key target for molecular
docking studies. The proteasome plays a critical
role in protein degradation and cellular



regulation, influencing various cellular
processes including cell cycle control and
apoptosis. Its involvement in cancer and
neurodegenerative  diseases makes it a
significant target for drug discovery.

The secondary metabolites extracted from
Calotropis procera show promising potential in
targeting furin, a proprotein convertase
critically involved in bacterial virulence and
pathogenesis [19,20]. Furin activates a variety
of bacterial toxins and adhesins essential for
infection and survival, making it a strategic
target for mitigating bacterial multidrug
resistance [21-23]. The identified compounds,

particularly 5-Methyl-2-phenylindolizine,
demonstrated high binding affinity and
favorable pharmacokinetic profiles, suggesting
their efficacy in inhibiting furin. By blocking
furin activity, these compounds could prevent
the maturation of bacterial virulence factors,
thereby reducing bacterial infectivity and
resistance [24,25]. This novel approach
highlights the potential of C. procera
metabolites in developing effective therapies
against multidrug-resistant bacterial infections,
emphasizing the need for further in vitro and in
vivo studies to confirm these findings.

Figure 1. Calotropis procera Plant.

Classification

Kingdom : plantae.
Subkingdom : Thracheobionta.
Super division : spermatophyta.
Division : Magnoliophyta.
Class : Magnoilopsida
Subclass : Asteridae

Order : Gentianales
Family : Asclepiadaceae
Genus : Calotropis
Species : procera

Materials and Methods

Isolation of Multidrug-Resistant
Bacteria from Hospitalized Environment

The sterile swab was used for the collection
of samples in the hospitalized environment like
bed, table, floor, and utensils. After the
swabbing, the swab was kept in brine heart

infusion broth for 18 hrs at 37°C for
enrichment. The enriched broth was used as
inoculum and streak on respective selective
media for isolation of pathogens. For drug-
resistant analysis, the cultures were swabbed on
Muller Hinton Agar plates and placed the
standard antibiotic discs such as Salmonella
typhi,  Escherichia  coli,  Pseudomonas
aeruginosa, Staphylococcus — aureus and
Klebsiella pneumoniae [2].

Sample Preparation

A20 gm of C. procera dried leaf powder was
taken for extraction using a Soxhlet apparatus.
The Soxhlet apparatus, containing 250 ml of
acetone solvent in a round-bottom flask, was
connected to a condenser with a continuous
water supply to prevent solvent evaporation.
The entire setup was placed on a table and
heated at 80°C in a heating mantle for 16 hours.



The crude extract was then condensed by
evaporation and stored at 4°C for further
analysis.

Extraction of Secondary Metabolites

The crude extract of Calotropis procera
(from both acetone and benzene extractions)
was subjected to qualitative phytochemical
screening to detect the presence of secondary
metabolites. Major secondary metabolites such
as terpenes, flavonoids, carotenoids, alkaloids,
saponins, and tannins were identified.

Fourier Transform Infrared

Spectroscopy (FT-IR) Analysis

The functional groups in the crude extracts
of Calotropis procera leaves, fruits, and seeds
were analyzed using FT-IR spectroscopy
(Shimadzu IRTracer-100). The FT-IR spectrum
was recorded in the range of 400 to 4000 cm ™.

GC-MS Analysis

The crude extracts were filtered and
subjected to GC-MS analysis to identify
bioactive compounds. The analysis was
performed using a gas chromatograph-mass
spectrometer (GC-MS) (Shimadzu GC-MS-
QP2010 PLUS) equipped with an AOC-20i
auto-injector and AOC-20s auto-sampler units.
The system used was a GC Clarus 500 Perkin
Elmer interfaced with a mass spectrometer.

Antimicrobial Activity

This study aimed to evaluate the
effectiveness of Calotropis procera leaf extract
against MDR pathogens, which possess
significant challenges in clinical settings due to
their resistance to multiple antibiotics. The
antibacterial activity of the leaf extract was
determined using the well diffusion method on
Muller Hinton agar. Nutrient broth (containing
0.3 g beef extract, 0.3 g yeast extract, 0.5 g
peptone, and 0.5 g NaCl in 100 ml of double
distilled water) was used to cultivate bacterial
cultures of Salmonella typhi, Escherichia coli,
Pseudomonas aeruginosa, and Klebsiella
pneumoniae. After autoclaving and cooling the

nutrient media, it was poured into Petri dishes
and allowed to solidify. Overnight bacterial
cultures were spread onto the solidified Muller
Hinton agar plates using sterile swabs. Sterile
wells were created using a gel puncture or 6 mm
sterile tips under aseptic conditions. The
antibiotic samples were added to the wells in
aseptic conditions, mixed with DMSO solution,
and the plates were incubated at 37°C for 24-48
hours. The zones of inhibition were measured
in mm diameter using a transparent ruler and
recorded.

Molecular Docking

Molecular docking studies were conducted
using AutoDockTools to investigate the binding
interactions of ligands extracted from
Calotropis procera and identified by GC-MS
profiling [26]. Ligand structures were obtained
from PubChem, and the target protein structure
for furin (PDB ID: 5JXG) was downloaded
from the Protein Data Bank
(https://www.rcsb.org/) [27-29]. The
preparation of ligands and the furin protein
involved adding charges, defining rotatable
bonds, and
components. Docking simulations were
performed to explore the binding interactions of
the plant-derived compounds with furin. The
resulting binding poses were analyzed based on
binding affinities and interaction patterns to
determine the optimal binding configurations
using PyMOL and Discovery Studio tools
[30,31].

ADMET Analysis

removing non-essential

The identified compounds were subjected to
ADMET
Metabolism, Excretion, and Toxicity) profiling

(Absorption, Distribution,
using pkCSM, an online tool for evaluating
pharmacokinetic properties [32]. The chemical
structures of the compounds were submitted to
pkCSM to predict various pharmacokinetic
parameters such as water solubility, intestinal
absorption, blood-brain barrier permeability,
cytochrome P450 interactions, and potential


https://www.rcsb.org/

toxicity. This step helped in filtering out
compounds with unfavourable ADMET
properties, ensuring that only compounds with
promising drug-likeness and safety profiles
were selected for further analysis.

Results
Phytochemical Screening

The powdered leaf material was subjected to
solvent extraction using acetone and benzene in
a Soxhlet apparatus. The qualitative
phytochemical screening of these extracts
revealed the presence of various secondary
metabolites. The  identified secondary

metabolites include carbohydrates, tannins,
steroids, glycosides, flavonoids, phenols,
saponins, terpenoids, and coumarins. These
secondary metabolites are known for their
potential bioactivities, contributing to the
plant's medicinal properties.

The detailed results of the phytochemical
screening are presented in Table 1. The acetone
extract showed the presence of carbohydrates,
glycosides, terpenoids, phenols, coumarins, and
steroids. In contrast, the benzene extract
revealed the presence of tannins, saponins,
flavonoids, terpenoids, phenols, and steroids.
Notably, quinones, cardiac glycosides, and
anthraquinones were absent in both extracts.

Table 1. Phytochemical Screening of Calotropis procera Leaf.

S.No. | Phytochemical Analysis Acetone Benzene
1 Carbohydrates Present Absent
2 Tannis Absent Present
3 Glycosides Present Absent
4 Saponins Absent Present
5 Flavonoids Absent Present
6 Quinines Absent Absent
7 Terpenoids Present Present
8 Phenols Present Present
9 Cardiac glycosides Absent Absent
10 Coumarins Present Absent
11 Steroids Present Present
12 Anthraquinones Absent Absent
Fourier Transform Infrared including nitro compounds (N-O stretch), halo

Spectroscopy (FT-IR) Analysis

Fourier Transform Infrared Spectroscopy
(FT-IR) was employed to characterize the
functional groups and secondary metabolites
present in the Calotropis procera leaf extract.
The FT-IR spectra revealed several
characteristic peaks at 432.08, 447.49, 470.00,
516.92, 566.60, 594.08, 686.88, 1010.70,
1242.16, 1634.54, and 2916.37 cm™'. These
peaks correspond to various functional groups,

compounds (C-Br stretching), benzene
derivatives, and alkenes (C=C bending) (Figure
2). Additionally, peaks at 408.91, 424.34,
447.49, 470.83, 532.36, 594.08, 671.23,
902.69, 1095.57, 1219.01, 1357.89, 1419.61,
1712.79, 2144.84, and 3001.24 cm ' were
observed, indicating similar functional groups
(Figure 3). These functional groups are
associated with secondary metabolites that play
a significant role in the plant's bioactivity and
potential antimicrobial properties.
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Figure 2. FT-IR Spectrum Analysis of Acetone Extraction.
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Figure 3. FT-IR Spectrum Analysis of Benzene Extraction.

GC-MS Analysis

The Calotropis
subjected to analysis of gas-chromatography
mass spectrometer (GC-MS) analysis. The
mass spectrum of GC-MS was interpreted using
the National Institute of Standard and
Technology (NIST) database with more than

procera  extract was

62,000 patterns. The mass spectrum of the
unknown component was compared with the
spectrum of the known components stored in
the NIST library. The chromatogram of fruit,
leaves and seeds is represented in Figure 4. The
phytochemical compounds are also given in
Table 2.

Table 2. Compounds Identified from GC-MS

PubChem

S.NO | Compound D SMILES

1. 1,3-Dichlorobenzene 10943 C1=CC(=CC(=C1)C])Cl
1-Methyl-2-

2. ) 77095 CN1C2=CC=CC=C2C=C1C3=CC=CC=C3
phenylindole

3. 2,6-dimethylphenol 11335 CC1=C(C(=CC=C1)C)O

4 3,5-dimethylaniline 7949 CC1=CC(=CC(=C1)N)C
5-Methyl-2-

5. ) .. 610180 CC1=CC=CC2=CC(=CN12)C3=CC=CC=C3
phenylindolizine
Ethyl 13-

6. 71380066 | CCOC(=0)CCCCCCCCCCCC(C)C
methyltetradecanoate

7. Ethyl heptadecanoate 26397 CCCCCCCCeeeeeeeeec(=0)oce

8 Ethyl heptanoate 7797 CCCCCCC(=0)0CC




Hexadecanoic acid,

Figure 4. GC-MS Analysis

Antibacterial Activity of Calotropis
procera

Antibacterial activity of the synthesized
Calotropis procera. Leaf extract was assessed.
The testing was done against four clinically
important  pathogens  Escherichia  coli,

9. 12366 CCCCCcCcereeceecececec(=0)occe
ethyl ester
10. methyl 2-chloroacetate 7295 COC(=0)C(l
11. Naphthalene, 2-fluoro- 67583 C1=CC=C2C=C(C=CC2=C1)F
Nonanoic acid, ethyl
12. 31251 CCCCcceec(=0o)oce
ester
13. Phenylsilane 6327628 C1=CC=C(C=C1)[Si]
14. Tetra ethyl silicate 6517 CCO[Si](0CC)i0co)occe
Tetradecanoic acid, ethyl
15. . 31283 CCCCcccecececeecc=oyoce
ester
Abundance TIC: GC-MS-3-0422.D\data.ms
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of Calotropis procera.

Pseudomonas  aeruginosa and Klebsiella
pneumonia, Salmonella typhi shows the zone of
inhibition in the well diffusion method of
antibacterial activity. The different patterns of
the zone of inhibitions are observed in and
Charted. The highest zone of inhibition was



observed for Salmonella typhi and Escherichia
coli even at lower the lowest zone of inhibition
was observed for Klebsiella pneumonia and
Pseudomonas aeruginosa.

Multidrug-Resistant Analysis of Wound
Pathogens

The antibacterial activity of five antibiotics-
Oxacillin  (30pg), Azithromycin (14pg),
Erythromycin (15pg), Ciprofloxacin (5pg), and
Norfloxacin (10png) was evaluated against
clinical isolates of Salmonella  typhi,
Staphylococcus — aureus, Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas
aeruginosa. The standard strain S. aureus
ATCC 25923 was used as a control (Table 3).
S.typhi exhibited moderate susceptibility to all
tested antibiotics, with zones of inhibition
ranging from 12 mm (Erythromycin and
Norfloxacin) to 14 mm (Ciprofloxacin). S.
aureus showed moderate sensitivity to
Oxacillin (15 mm) and Erythromycin (14 mm).
It exhibited lower sensitivity to Azithromycin
(11 mm) and Ciprofloxacin (10 mm). E. coli
demonstrated a similar pattern, with moderate
inhibition zones of 12-18 mm. Notably, it was
highly susceptible to Norfloxacin (18 mm) but

showed lower inhibition against Erythromycin
(12 mm). K. pneumoniae displayed moderate
resistance to most antibiotics, with zones of
inhibition ranging between 11-14 mm.
Ciprofloxacin (11 mm) showed the least
activity. P aeruginosa exhibited resistance to
Ciprofloxacin (10 mm) and Norfloxacin (9
mm). It showed moderate susceptibility to
Oxacillin (15 mm) and Erythromycin (14 mm).
The control strain S. aureus ATCC 25923 was
highly susceptible to all antibiotics, with
inhibition zones ranging from 17 mm
(Norfloxacin) to 20 mm (Azithromycin and
Ciprofloxacin). S. aureus and P aeruginosa
showed notable resistance to Ciprofloxacin and
Norfloxacin, reflecting the potential emergence
of multidrug resistance. K. pneumoniae
exhibited intermediate resistance to all tested
antibiotics.

E. coli was resistant to Erythromycin but
highly sensitive to Norfloxacin. The standard
strain S. aureus ATCC 25923 demonstrated
expected high susceptibility to all antibiotics.
The observed resistance patterns emphasize the
importance of continuous monitoring for
antimicrobial resistance.

Table 3. Antimicrobial Resistance Pattern with Commercial Antibiotics Against Bacterial Pathogens

Zone of Inhibition in mm
Bacterial Isolates Oxacilli | Azithromyci | Erythromyci | Ciprofloxaci | Norfloxacin

n 30pg) | n (14pg) n (15pg) n (Spg) (10ug)
Salmonella typhi 13 13 12 14 12
Staphylococcus aureus | 15 11 14 10 10
Escherichia coli 13 13 12 13 18
Klebsiella pneumonia | 14 12 13 11 12
Pseudomonas

. 15 11 14 10 9

aeruginosa
Staphylococcus aureus

18 20 17 20 17
ATCC 25923




Antibiogram of Wound Pathogens
Against Different Concentrations of
Calotropis procera

According to the antibiogram data, C.
procera has variable levels of antibacterial
activity against a number of pathogens that
cause wounds. The highest zone of inhibition
was observed for K. pneumonia at 21mm, then

E. coli and S. aureus ATCC 25923 at 20mm
followed by P aeruginosa at 18mm, and
subsequently S. aureus and S. typhii at 16mm
and 15mm at 100pg/mL concentration. This
suggests that MDR pathogens S. aureus ATCC
25923, FE.coli,
susceptible to the effects of C. procera at higher
concentrations (Table 4) with the control of
standard oxacillin (30pg).

and K. pneumoniae are

Table 4. Antibacterial Activity of Secondary Metabolites of Calotropis procera Against the Wound

Pathogens
Zone of Inhibition in mm
Bacterial Isolates Oxacilli
25png S50pg 75ng 100png
n (30pg)
Salmonella typhi 5+0.1 9+0.1 12+0.1 15+0.1 1340.1
Staphylococcus aureus | 3£0.1 4+0.1 9+0.1 16+0.1 1540.1
Escherichia coli 3+0.1 4+0.1 11+0.1 20+0.1 1340.1
Klebsiella pneumonia | 4+0.1 7+0.1 1340.1 2140.1 1440.1
Pseudomonas
. 540.1 8+0.1 14+0.1 18+0.1 15+0.1
aeruginosa
Staphylococcus aureus
4+0.1 4+0.1 14£0.1 | 20+40.1 18+0.1
ATCC 25923
(Mean £0.1)
ADMET Profiling making it suitable for CNS applications, but
Based on the ADMET analysis, four .requlres. monitoring  for  CYP  enzyme
interactions.

molecules have been selected for further

development due to their balanced
pharmacokinetic profiles and safety
characteristics. 2, 6-Dimethylphenol exhibits

high absorption, moderate distribution, and
minimal CYP interactions, with a safe toxicity
profile. 3,5-Dimethylaniline also shows strong
absorption and distribution with minimal CYP
interactions, although it has potential skin
5-Methyl-2-

excellent

sensitization concerns.

phenylindolizine  demonstrates

absorption and favorable BBB permeability,

Molecular Docking Analysis

Based on the ADMET profiling of the
phytochemical molecules derived from the
Calotropis procera plant, the top 4 molecules
were taken for further molecular docking
analysis. Molecular docking was conducted to
investigate their binding affinities and
interacting residues with the furin (PDB ID:
5JX@G). The results are summarized in Table 5,
and the intermolecular interactions are also
plotted in 2D form (Figure 5).

Table 5. Docking Score Values of Selective Molecules with Interacting Residues of Furin Enzyme Active

Site.

Molecule Name

Binding Affinity
(kcal/mol)

Interacting Residues

2,6-dimethylphenol | -5.1

GLY265, PRO266, GLY307,
ASN310, ASP530, TRP531,
ALAS532




3,5-dimethylaniline | -4.9 PRO266, ASN310, TRP531,
ALAS535
5-Methyl-2- -6.7 PRO266, GLU271, SER311,
phenylindolizine ILE312, TYR313, GLN488,
ARG490), TRP531,
ALAS532, TYR571
Ethyl heptanoate -4.7 GLU271, ASN310, ILE312,
GLN488, ARG490,
TRP531, ALAS532
(@) AIs30 (b) ASN
A:310
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Figure 5. 2D Intermolecular Interaction Plots for Selective Molecules with the Active Site of Furin Enzyme.

The docking studies reveal varying binding
affinities of the four molecules towards the
proteasome, suggesting different levels of
potential the
molecules tested, 5-methyl-2-phenylindolizine

inhibitory activity. Among

exhibited the highest binding affinity with a
value of -6.7 kcal/mol, indicating a strong
interaction with the proteasome active site. This
molecule stands out as a promising candidate
for further investigation due to its substantial



binding affinity, which may translate to
significant proteasome inhibition.
2,6-Dimethylphenol
moderate binding affinity of -5.1 kcal/mol,
which, while lower than that of 5-Methyl-2-
phenylindolizine, still indicates a reasonable

demonstrated a

interaction with the proteasome. This molecule
might serve as a lead compound for
modifications aimed at enhancing its inhibitory
potential.

3,5-Dimethylaniline and Ethyl heptanoate
showed lower binding affinities of -4.9
kcal/mol and -4.7 kcal/mol respectively.
Although these values are lower compared to
the other molecules, they still suggest potential
binding interactions with the proteasome, albeit
weaker. These compounds may require
structural optimization to improve their binding
affinities and inhibitory activities.

The interaction analysis reveals that certain
residues are recurrently involved in binding
interactions across different molecules. For
instance, PRO266 and TRP531 are common
interacting residues among all four molecules.
The consistent involvement of these residues
suggests their crucial role in the binding
interactions within the proteasome active site.

5-Methyl-2-phenylindolizine interacts with
several key residues, including GLU271,
SER311, ILE312, TYR313, GLN488,
ARG490, TRP531, ALAS532, and TYR571. The
presence of multiple hydrogen bonds and
hydrophobic interactions likely contributes to
its high binding affinity. Specifically, the
interaction with residues such as GLU271 and
ARG490, which are known to play critical roles
in the proteasome's enzymatic activity, suggests
that 5-Methyl-2-phenylindolizine may
effectively inhibit the proteasome's function.

Discussion

The qualitative phytochemical screening of
these extracts revealed the presence of various
metabolites.  The  identified
secondary metabolites include carbohydrates,

secondary

tannins, steroids, glycosides, flavonoids,

phenols, saponins, terpenoids, and coumarins.
These secondary metabolites are known for
their potential bioactivities, contributing to the
plant's medicinal properties [33].

The FT-IR analysis thus confirmed that the
functional groups identified in the plant extract
were due to the presence of secondary
metabolites, which are responsible for the
synthesis and stabilization of Dbioactive
compounds. This comprehensive identification
of functional groups supports the hypothesis
that Calotropis procera contains diverse
secondary metabolites contributing to its
medicinal properties.

Determination of metabolomic profiles by
ultrahigh performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/ MS)
and gas chromatography-mass spectrometry
(GC-MS) has been recently adopted as an
effective technique to understand the chemical
nature of medicinal plants [28]. The
identification of semi-polar chemicals has been
widely applied to characterize plant secondary
metabolites. GC-MS can reveal the chemical
nature of volatile chemicals, which define the
flavour of a plant. From the phytochemical
profile obtained, it could be reported that six C.
procera seeds had similar phytochemical
profiles, but that the level of each peak varied
in the previous study. GC-MS analysis showed
that the major volatile compounds in C. procera
seeds were fatty acids. It is found to be the
widely used pharmacologically active chemical
in China [34]. The prime advantage of HPTLC
is that several samples can be analyzed
simultaneously using a small quantity of marker
compound and mobile phase with very little
time. The linear regression curve showed a
good linear relationship for strychnine and
brucine compounds from C. procera.

The highest inhibition was observed in
Calotropis procera for the bacterial species
with metal oxide nanoparticles as carriers.
Based on the previous research, the
biosynthesized silver nanoparticles also
showed maximum antimicrobial activity. The



exact mechanism of the inhibition of the
bacteria is still unknown. Still, some
hypothetical mechanisms show that the
inhibition is due to the ionic binding of the
nanoparticles on the surface of the bacteria
which creates great intensity of the proton
motive force [35]. The antibacterial properties
of silver compounds and silver ions have been
historically recognized and applied in a wide
range of applications from disinfecting medical
devices and home appliances to water
treatments. The individual effects of the bio-
reduced antibiotics were investigated against
four bacterial strains using the good diffusion
method.

Ethyl Heptanoate has high absorption and
favourable distribution, with minimal CYP
interactions, though its potential for skin
sensitization needs further assessment. These
compounds show promising ADMET profiles,
making them strong candidates for subsequent
in vitro and in vivo studies to validate their
therapeutic potential [30].

2,6-Dimethylphenol and 3,5-
Dimethylaniline  primarily interact with
residues such as ASN310, TRP531, and
ALAS532. These interactions, although fewer in
number, still highlight the importance of these
residues in ligand binding. The presence of
ASP530 in the interaction profile of 2,6-
Dimethylphenol suggests potential ionic
interactions, which may enhance its binding
stability.

Ethyl heptanoate interacts with a similar set
of residues, including GLU271, ASN310,
ILE312, GLN488, ARG490, TRP531, and
ALAS32. The -consistent involvement of
GLU271 and ARG490 across multiple
molecules emphasizes their significance in
binding interactions and suggests that these
residues could be targeted for designing more
potent proteasome inhibitors.

The docking studies of secondary
metabolites from Calotropis procera with the
proteasome (PDB ID: 5JXG) highlight 5-
Methyl-2-phenylindolizine as the most

promising candidate due to its high binding
affinity and extensive interaction with key
residues. The recurring involvement of residues
such as PRO266, TRP531, GLU271, and
ARG490 across  different
underscores their importance in proteasome

molecules

inhibition. Further structural optimization and
in-vitro studies are warranted to validate these
findings and explore the therapeutic potential of
these compounds as proteasome inhibitors.

Conclusion

This study investigated the antimicrobial and
pharmacological properties of secondary
metabolites extracted from Calotropis procera
through molecular docking, ADMET profiling,
antibacterial testing, and GC-MS
characterization. Molecular docking studies
with the proteasome (PDB ID: 5JXG) identified
5-Methyl-2-phenylindolizine as the most
promising compound due to its high binding
affinity (-6.7 kcal/mol), followed by 2,6-
Dimethylphenol, 3,5-Dimethylaniline, and
Ethyl Heptanoate. Interaction  analysis
highlighted the importance of residues
PRO266, TRP531, GLU271, and ARG490 in
binding interactions. ADMET profiling showed
2,6-Dimethylphenol had high absorption and
minimal CYP interactions with a safe toxicity
profile, while 3,5-Dimethylaniline had strong
absorption and distribution but potential skin
sensitization 5-Methyl-2-
phenylindolizine excellent
absorption and BBB permeability but required
monitoring for CYP interactions, and Ethyl
Heptanoate showed high absorption and
favorable distribution. Antibacterial testing

concerns.
demonstrated

revealed that C. procera leaf extract was most
effective against Salmonella  typhi and
Escherichia coli, with lower activity against
Klebsiella pneumoniae and Pseudomonas
aeruginosa. Additionally, the study underscores
the importance of exploring novel natural
compounds from C. procera as potential
alternatives in the fight against antimicrobial
drug resistance organisms, which is a growing



global health concern. GC-MS analysis
identified key volatile compounds, including
oleic acid, highlighting their pharmacological
potential. These findings suggest that C.
procera possesses significant antimicrobial
properties and
applications, warranting further in vitro and in

potential  therapeutic

vivo studies to validate these results.

References

[1]. Salam MA, Al-Amin MY, Salam MT, Pawar JS,
Akhter N, Rabaan AA, et al. 2023., Antimicrobial
Resistance: A Growing Serious Threat for Global
Public Health. Healthcare.11: 1946.
doi:10.3390/healthcare11131946

[2]. Wang J, Xu S, Zhao K, Song G, Zhao S, Liu R.,
2023, Risk control of antibiotics, antibiotic
resistance genes (ARGs) and antibiotic-resistant
bacteria (ARB) during sewage sludge treatment and
disposal: A review. Sci Total Environ. 877: 162772.
doi:10.1016/j.scitotenv.2023.162772

[3]. Sharma S, Chauhan A, Ranjan A, Mathkor DM,
Haque S, Ramniwas S, et al., 2024, Emerging
challenges in antimicrobial resistance: implications
for pathogenic microorganisms, novel antibiotics,
and their impact on sustainability. Front
Microbiol.15. doi:10.3389/finicb.2024.1403168

[4]. Ahmed SK, Hussein S, Qurbani K, Ibrahim RH,
Fareeq A, Mahmood KA, et al., 2024, Antimicrobial
resistance: Impacts, challenges, and prospects. J
Med  Surgery, Public Heal. 2: 100081.
doi:10.1016/j.glmedi.2024.100081

[5]. Angelini P, 2024, Plant-Derived
Antimicrobials and Their Crucial Role in Combating
Antimicrobial Resistance. Antibiotics.;13: 746.
doi:10.3390/antibiotics 13080746

[6]. Salam U, Ullah S, Tang Z-H, Elateeq AA, Khan
Y, Khan J, et al., 2023, Plant Metabolomics: An
Overview of the Role of Primary and Secondary
Metabolites against Different Environmental Stress
Factors. Life.;13: 706. doi:10.3390/1ife13030706
[7]. Divekar PA, Narayana S, Divekar BA, Kumar
R, Gadratagi BG, Ray A, et al., 2022, Plant
Secondary Metabolites as Defense Tools against

Herbivores for Sustainable Crop Protection. Int J

Conflict of Interest

The authors have no conflicts of interest to
declare.

Acknowledgement

The authors have to acknowledge all co-
authors for this work.

Mol Sci. 23: 2690. doi:10.3390/ijms23052690

[8]. Sorescu A-A, Nuta A, Ton R-M, Iancu L., 2018,
Qualitative Analysis of Phytochemicals from Sea
Buckthorn and Gooseberry. Phytochemicals -
Source of Antioxidants and Role in Disease
Prevention. InTech; doi:10.5772/intechopen.77365
[9]. Ku Y-S, Contador CA, Ng M-S, Yu J, Chung G,
Lam H-M., 2020, The Effects of Domestication on
Secondary Metabolite Composition in Legumes.
Front Genet.11. doi:10.3389/fgene.2020.581357
[10]. Abeed AHA, Ali M, Ali EF., 2021, Majrashi A,
Eissa MA. Induction of Catharanthus roseus
Secondary Metabolites When Calotropis procera
Was Used as Bio-Stimulant. Plants.;10: 1623.
doi:10.3390/plants10081623

[11]. Wadhwani BD, Mali D, Vyas P, Nair R,
Khandelwal P., 2021, A review on phytochemical
constituents and pharmacological potential of
Calotropis procera. RSC Adv. 11: 35854-35878.
doi:10.1039/D1RA06703F

[12]. Habeeb A, Ramesh S, Shanmugam R., 2024,
Calotropis procera and the Pharmacological
Properties of Its Aqueous Leaf Extract: A Review.
Cureus. doi:10.7759/cureus.60354

[13]. Ong CY, Ling SK, Ali RM, Chee CF, Samah
ZA, Ho ASH, et al., 2009, Systematic analysis of in
vitro photo-cytotoxic activity in extracts from
terrestrial plants in Peninsula Malaysia for
photodynamic therapy. J Photochem Photobiol B
Biol. 96: 216-222.
doi:10.1016/j.jphotobiol.2009.06.009

[14]. Yang Y, Liang X, Jin P, Li N, Zhang Q, Yan W,
et al.,, 2019, Screening and determination for
potential acetylcholinesterase inhibitory
constituents from ginseng stem—leaf saponins using
ultrafiltration (UF)-LC-ESI-MS2. Phytochem Anal.
30: 26-33. doi:10.1002/pca.2787



[15]. Tto A, Lai CH, Zhao X, Saito S, Hamilton MH,
Appella E, et al., 2001,p300/CBP-mediated p53
acetylation is commonly induced by p53-activating
agents and inhibited by MDM?2. EMBO J. 20: 1331—
1340. doi:10.1093/emboj/20.6.1331

[16]. Rahiman FA, Mahmad N, Taha RM, Elias H,
Zaman FH., 2013, Antimicrobial properties of
Lawsonia inermis syn. Lawsonia alba in vivo and in
vitro. J Food, Agric Environ. 11: 502-504.

[17]. Padmini R, Uma Maheshwari V, Saravanan P,
Woo Lee K, Razia M, Alwahibi MS, et al., 2020,
Identification of novel bioactive molecules from
garlic bulbs: A special effort to determine the
anticancer potential against lung cancer with
targeted drugs. Saudi J Biol Sci. 27: 3274-32809.
doi:10.1016/].5jbs.2020.09.041

[18]. Kirubhanand C, Merciline Leonora J, Anitha
S, Sangeetha R, Nachammai KT, Langeswaran K, et
al., 2023, Targeting potential receptor molecules in
non-small cell lung cancer (NSCLC) using in silico
approaches. Front Mol Biosci. 10: 1-16.
doi:10.3389/fmolb.2023.1124563

[19]. Braun E, Sauter D., 2019, Furin-mediated
protein processing in infectious diseases and cancer.
Clin Transl Immunol. 8. doi:10.1002/cti2.1073

[20]. Douglas LEJ, Reihill JA, Montgomery BM,
Martin SL., 2023, Furin as a therapeutic target in
cystic fibrosis airways disease. Eur Respir Rev. 32:
220256. doi:10.1183/16000617.0256-2022

[21]. Krueger E, Brown AC., 2019, Inhibition of
bacterial  toxin  recognition of membrane
components as an anti-virulence strategy. J Biol
Eng. 13: 4. doi:10.1186/513036-018-0138-z

[22]. do Vale A, Cabanes D, Sousa S., 2016,
Bacterial Toxins as Pathogen Weapons Against
Phagocytes. Front Microbiol. 7.
doi:10.3389/fmicb.2016.00042

[23]. Zhang H, Zhang Z, Li J, Qin G., 2023, New
Strategies for Biocontrol of Bacterial Toxins and
Virulence: Focusing on  Quorum-Sensing
Interference and Biofilm Inhibition. Toxins (Basel).
15: 570. doi:10.3390/toxins 15090570

[24]. Devi KP, Pourkarim MR, Thijssen M, Sureda
A, Khayatkashani M, Cismaru CA, et al., 2022, A
perspective on the applications of furin inhibitors for
the treatment of SARS-CoV-2. Pharmacol Reports.

74: 425-430. doi:10.1007/s43440-021-00344-x
[25]. Jaganathan R, Kumaradhas P., 2024, Structural
insights into Furin enzyme inhibition to block
SARS-CoV-2 spike protein cleavage: an in-silico
approach. 3 Biotech. 14: 213. doi:10.1007/s13205-
024-04054-y

[26]. Morris GM, Huey R, Lindstrom W, Sanner
MF, Belew RK, Goodsell DS, et al., 2010,
AutoDock4 and AutoDockTools4: Automated
Docking with Selective Receptor Flexibility. J
Comput Chem. 30: 2785-2791.
doi:10.1002/jcc.21256.AutoDock4

[27]. Berman HM, Battistuz T, Bhat TN, Bluhm WF,
Bourne PE, Burkhardt K, et al., 2002, The protein
data bank. Acta Crystallogr Sect D Biol Crystallogr.
58:899-907. doi:10.1107/S0907444902003451
[28]. Kim S, Chen J, Cheng T, Gindulyte A, He J,
He S, et al. 2021, PubChem in 2021: New data
content and improved web interfaces. Nucleic Acids
Res. 49, D1388-D1395. doi:10.1093/nar/gkaa971
[29]. Dahms SO, Arciniega M, Steinmetzer T,
Huber R, Than ME., 2016, Structure of the
unliganded form of the proprotein convertase furin
suggests activation by a substrate-induced
mechanism. Proc Natl Acad Sci U S A. 113: 11196—
11201. do0i:10.1073/pnas.1613630113

[30]. DeLano WL., 2002, Pymol: An open-source
molecular graphics tool. CCP4 Newsl Protein
Crystallogr. 40: 82-92.

[31]. BIOVIA. 2016. Discovery Studio Modeling
Environment. San Diego: Dassault Systems.

[32]. Pires DE V., Blundell TL, Ascher DB., 2015,
pkCSM: Predicting
Pharmacokinetic and Toxicity Properties Using
Graph-Based Signatures. ] Med Chem. 58: 4066—
4072. doi:10.1021/acs.jmedchem.5b00104

[33]. Fiehn O., 2016, Metabolomics by Gas
Chromatography—Mass Spectrometry: Combined

Small-Molecule

Targeted and Untargeted Profiling. Curr Protoc Mol
Biol. 114. do0i:10.1002/0471142727.mb3004s114
[34]. Jeyasundari J, Praba P, Jacob Y, Rajendran S,
Kaleeswari K., 2016, Green Synthesis and
Characterization of Silver Nanoparticles Using
Mimusops elengi Flower Extract and Its Synergistic
Antimicrobial Potential. Am Chem Sci J. 12: 1-11.
doi:10.9734/ACSJ/2016/23161



[35]. Deshmukh SP, Patil SM, Mullani SB, Delekar disinfectant: A review. Mater Sci Eng C. 97: 954—
SD., 2019, Silver nanoparticles as an effective 965. doi:10.1016/j.msec.2018.12.102



