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Abstract
Antimicrobial-resistant bacterial disease has been recognized by WHO as a critical global health 
threat, Staphylococcus aureus posing particular concern due to its role in severe septic infections and 
bacteremia. This concern has led to an urgent need for alternative therapies, such as nanotechnology 
and plant-based approaches. The study focused on synthesizing plant-based silver nanoparticles from 
aqueous extract of Catharanthus roseus stem (CrS-AgNPs) prepared via the decoction process. The 
formation of CrS-AgNPs was confirmed by UV-Vis spectroscopy with a stable peak at 426 nm, followed 
by further characterization using FTIR and XRD analyses. The antimicrobial potential against pathogenic 
S. aureus was evaluated using the resazurin assay. Furthermore, SDS-PAGE was performed for whole cell 
protein profiling, and RT-PCR was used to analyze the expression of the virulence gene phospholipase 
C (plc). The results showed six functional peaks in the FTIR spectrum, while XRD analysis revealed a 
prominent peak at 38.33°, indicating a face-centered cubic geometry, and the calculated particle size 
is 26.74 nm. MIC and MBC were determined as 0.04 µg/mL and 0.32 µg/mL, respectively. While SDS-
PAGE indicated protein-level alterations, RT-PCR showed no significant change in plc gene expression. 
Silver nanoparticles synthesized from C. roseus stem were successfully obtained, exhibiting functional 
groups of C≡N, H-C=O, and O-H, which contribute to their antimicrobial properties. Further investigation 
is needed to understand the underlying mechanisms and explore their therapeutic potential.
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INTRODUCTION

	 Antimicrobial resistance is responsible 
for about 1.27 million deaths globally (Global 
Burden of Disease, 2019), and the World 
Health Organization also has concerns about 
antimicrobial-resistant Staphylococcus aureus (S. 
aureus), which is recognized as a leading cause of 
mortality and morbidity worldwide. Over the past 
two decades, antimicrobial-resistant S. aureus 
strains have predominantly developed due to the 
extensive and uncontrolled use of antibiotics.1,2 
Pathogenic S. aureus, a coagulase- and gram-
positive bacterium, can colonize various body 
sites, including the nasal passages and soft tissues, 
and is frequently associated with bacteremia and 
sepsis.3,4 However, S. aureus exhibits an extensive 
repertoire of virulence factors, such as surface-
anchored proteins, which enable it to evade the 
host immune response.5,6 Virulence-associated 
regulatory genes, including agr, SaeRS, and vraRS, 
enhance its ability to invade and survive within the 
host.7,8 A pivotal virulence factor of S. aureus is 
phospholipase C (plc),9 whereas the agr quorum-
sensing system and the SrrAB two-component 
regulatory system are critical regulators of their 
gene expression.10 Although broad-spectrum 
antibiotics, including methicillin, vancomycin, and 
ciprofloxacin are commonly used to cure infections 
caused by S. aureus.11 

	 The ongoing challenge of combating 
bacterial infection is associated with diminished 
antibiotic efficacy and limited alternative therapy 
strategies. The molecular mechanisms underlying 
bacterial virulence and resistance pathways 
offer valuable insights into the development 
of innovative antimicrobial  strategies.12 
Ethnomedicinal plants have promising avenues 
for novel therapeutics, among which Catharanthus 
roseus (C. roseus) of the Apocynaceae family, 
traditionally used in Ayurveda, is rich in bioactive 
secondary metabolites such as alkaloids, 
flavonoids, and terpenoids. C. roseus exhibits a 
wide range of pharmacological properties, such as 
antibacterial, anti-inflammatory, anticancer, and 
anti-diabetic properties.13 Numerous alkaloids, 
including vindoline, catharanthine, serpentine, 
and vindolicine, have been identified, while vinca 
alkaloids such as vinblastine and vincristine are 
extensively used in cancer treatment. Additionally, 
phytoconstituents, such as oleanolic acid and 
ursolic acid, have demonstrated antimicrobial 
properties (Table 1).14-16 
	 Plant-based nanoformulations have 
led to attention because of their potential for 
antimicrobial properties and their ability to offer 
safer, non-toxic alternatives for both human and 
environmental health. Metallic nanoparticles 
of silver have gained significant interest due 
to their distinctive properties, such as high  
electrical conductivity and surface area, and 

Figure 1. Schematic representation of method to be followed to synthesized Catharanthus roseus stem-based 
silver nanoparticles and analysis 
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ease of use.22 The green synthesis of plant-
based silver nanoparticles (AgNPs) offers an 
alternative method to overcome the physical 
and any toxic chemical methods and is eco-
friendly, safe, and cost-effective. The current 
exploration of AgNPs emphasizes their significant 
role in addressing antimicrobial resistance while 
identifying key challenges and future prospects for 
their application in biomedicine.23-26

	 In this study, AgNPs were synthesized 
from an aqueous C. roseus stem (CrS) extract 
via the decoction method (Figure 1). Ultraviolet-
visible (UV-Vis) spectroscopy confirmed AgNPs 
formation, while Fourier Transform Infrared 
Spectroscopy (FTIR) was used for characterization 
of functional groups, and X-ray Diffraction (XRD) 
was used for morphology and crystalline structure. 
Antibacterial efficacy against pathogenic S. aureus 
was evaluated. Whole-cell protein profiling 
was conducted via sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), 
followed by plc gene expression analysis to assess 
the impact of AgNPs.

MATERIALS AND METHODS

Identification and extraction of C. roseus stem by 
decoction method
	 C. roseus (sadabahar/periwinkle), a 
widely available medicinal plant in Asia, was 
collected from the Sehore-Bhopal region of 
Madhya Pradesh, India, and authenticated with 
reference no. 2/19424R on 24/04/2024 at Vedanta 
Testing & Research Laboratory, Bhopal. The dried 
material was crushed and made into powder 
and stored in an airtight, dark glass container 
at room temperature. An aqueous CrS extract 
was prepared by boiling 50 g of stem powder in 
200 mL of distilled deionized water at 80 °C for 
5 min using the decoction method. To enhance 
phytoconstituents from the extraction method, 
the mixture was mixed and stirred at 200 rpm for 
5 hours, then filtered to obtain the extract. The 
resulting yellowish CrS extract was used for AgNPs 
synthesis.

Silver nanoparticles synthesis via CrS extract
	 A 1 mM AgNO₃ solution (>99.9%, Sigma 
Aldrich) was prepared in 45 mL of distilled water, 
mixed with 5 mL of CrS extract, and adjusted to 

pH 7. The mixture was stirred and heated at 85-90 
°C for 2 hours in a heat plate condenser assembly. 
The capping process was monitored every 30 min 
using UV-Vis spectroscopy (Genesys 180, Thermo 
Scientific) to assess the reduction of silver (Ag⁺) 
ions by the CrS extract. The solution gradually 
changed from bright yellow to black, indicating 
the formation of CrS extract-based AgNPs, and 
the sample was cooled to room temperature. The 
sample was centrifuged at 9000 rpm for 30 min 
at 25 °C, washed with deionized water to remove 
impurities, and then dried at 80 °C for 6 hours.27,28 
The dried CrS-AgNPs were carefully collected 
and stored in a sterile glass container for further 
analysis.

Characterization of CrS-AgNPs using FTIR and XRD
	 The synthesized CrS-AgNPs were 
characterized using FTIR and XRD. The FTIR 
(IRAffinity-1S, Shimadzu) analysis was done in 
the wavenumber range of 4000-400 cm-1, and 
samples were ground into KBr pellets.29 The 
crystalline structure of the synthesized CrS-
AgNPs was determined by the XRD method using 
a diffractometer (MINIFLEX, RIGAKU-JAPAN) 
equipped with copper Ka radiation (λ = 1.5406 
Å), scanned in a 2θ range of 3°-80° at a rate of 
5°/min. The instrument operated at 40 kV and 20 
mA, using copper Ka radiation. The crystallite size 
of the NPs was estimated using Debye-Scherrer’s 
equation:30

	 D = Ka / λcosθ
	 where D is the mean crystallite size 
(nm), K is the shape constant (0.9), λ is the X-ray 
wavelength (0.15406 nm), b is the full width at 
half maximum (FWHM) of the diffraction peak in 
radians, and θ is the Bragg angle in radians.31

Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) 
determination against S. aureus
	 The MIC assay assessed the antibacterial 
activity of CrS-AgNPs against pathogenic S. 
aureus (MTCC96), procured from the MTCC 
and Gene Bank, Chandigarh, India. Bacterial 
culture was revived and maintained at 37 °C for 
24 hours according to standard protocol. The 
culture was grown in Mueller-Hinton broth (MH) 
and standardized to 5 × 105 CFU/mL using the 
McFarland standard. CrS-AgNPs (3 mg/mL in 
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Table 1. Phytoconstituents extracted from Catharanthus roseus with their 2D-chemical structures

Phytoconstituent	 2D-chemical structure	 Extraction method	 Ref.

Vindoline		  Ultra-high-performance liquid chromatography	 17 
		  (UHPLC) with mass spectrometry (MS)	

Serpentine			 

Vincristine			 

Vinblastine		  Ionic liquid-based, ultrasound-assisted extraction	 18

Catharanthine			 
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Vindolicine		  Dichloromethane and acid-base alkaloid extraction	 19

Oleanolic acid		  Methanol-soluble fraction	 20

Ursolic acid		  HPLC-electrospray ionization-high-resolution	 21
		  tandem MS

DMSO) were tested in a 96-well microtiter plate. 
The CrS-AgNPs solution was serially diluted in 
bacterial culture across the wells. Ciprofloxacin 
(30 µL, 1 mg/mL) was used as the standard drug, 
while the untreated bacterial culture and the 
blank served as the positive and negative controls, 
respectively. Culture plates were incubated for 16-
18 hours at 37 °C. After that, resazurin (0.015%, 
30 µL) was added and incubated for 3 hours; a 
color change from blue to pink indicated bacterial 
growth. MBC was determined by treated samples 
that were streaked onto MH agar plates and 
incubated at 37 °C for 18 hours. Tests were done 
in triplicate.

Whole-cell protein profiling via SDS-PAGE
	 Changes in the whole-cell protein profile 
of S. aureus were evaluated using SDS-PAGE by 
comparing CrS-AgNPs-treated and untreated 
cells. Band patterns indicated changes in protein 
expression. Two groups were used: one treated 
with CrS-AgNPs at the MIC concentration and 
one untreated control. Samples were incubated 
for 2, 4, 8, and 12 hours. Whole-cell proteins 
were extracted using the alkaline lysis method 
followed by Laemmli SDS buffer. Cell lysates were 
incubated with loading dye (1:1) at 95 °C for 10 
min and stored at -20 °C. SDS-PAGE analysis was 
run at 120 V using a 12% resolving gel and 5% 
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stacking gel prepared with acrylamide. Each well 
was loaded with 10 µL of protein extract along 
with a prestained protein ladder (MBT092-10LN, 
HiMedia, India). After gels were stained with 
Coomassie Brilliant Blue and destained using a 
solution of 10% methanol and acetic acid until 
clear protein bands became visible.32

qPCR of plc gene expression
	 The plc gene, encoding thermonuclease 
and associated with virulence in S. aureus, is 
documented under ENA accession number 
SUJ92450.1. The mRNA expression of plc was 
analyzed by qPCR in CrS-AgNPs-treated and 
untreated S. aureus cells. Primers for amplification 
of plc virulence gene were designed to generate 
a 284 bp amplicon using the forward primer 
5'-TGGGCAGATAACGCGACATT-3' and reverse primer 
5'-ATCAGCCAACCCGTTCTAG-3'. The 16S rRNA gene 
(UHAE01000001.1), as the housekeeping control, 
produced a 204 bp amplicon with the forward 
primer 5'-GAGTACGACCGCAAGGTTGA-3' and 
reverse primer 5'-CCCAACATCTCACGACACGA-3'.33 
Cell concentration was adjusted to 1×108 CFU/
mL using the McFarland standard and treated 
with CrS-AgNPs (0.04 µg/mL). The culture was 
incubated in a rotary shaker at 37 °C for 12 
hours. Total RNA was extracted using an RNA 
extraction kit (HiMedia, India) following the 
manufacturer’s instructions, and its purity was 
measured spectrophotometrically using the A260/
A280 ratio (Genesys 180, Thermo Scientific). 
Complementary DNA (cDNA) was synthesized 
from the extracted RNA (HiMedia, India). The 
RNA and random hexamers were heated at 65 °C 
for 5 min and then rapidly cooled as per protocol. 
The reaction was processed in a thermal cycler at 
25 °C for 5 min, 42 °C for 60 min, and 70 °C for 5 
min, followed by a final hold at 4 °C. The resulting 
cDNA was evaluated using RT-PCR. Amplification 
of 5 µg cDNA was performed using the HiScript 
Two-Step RT-PCR Kit (HiMedia, India), following 
the manufacturer’s instructions. SYBR Green 
(SYBR, ROX, SMOBiO) was used as the fluorescent 
indicator for the polymerase reaction. For the 
amplification of 16S rRNA and plc gene, the 
thermal cycling conditions included 94 °C for 1 min, 
54 °C for 15 sec, and 72 °C for 45 sec, followed by 
a final extension at 72 °C for 4 min over 30 cycles. 

Relative expression was calculated using the 2ΔΔCt 

method.

Statistical analysis
	 Statistical data were analyzed in Excel 
2016 using one-way ANOVA (mean ± standard 
deviation, P < 0.05).

RESULTS AND DISCUSSION

Spectroscopic analysis 
	 A UV-Vis spectrophotometer was used 
to analyze the optical behavior of synthesized 
AgNPs. CrS-AgNPs formation was monitored 
by recording surface plasmon resonance (SPR) 
absorbance between the wavelengths of 200-800 
nm at 30 min intervals. Previous studies reported 
that AgNPs display maximum absorption in the 
UV-Vis range of 350-500 nm.34 In the present 
study, Figure 2 displays the absorption band of 
the green-synthesised CrS-AgNPs. A color change 
appeared after 60 min, with the reaction stabilising 
at 150 min, marked by a characteristic dark 
brown color. The UV-Vis spectrum of CrS-AgNPs 
showed a prominent SPR peak near 426 nm, 
confirming nanoparticle formation. The observed 
SPR characteristics were influenced by factors 
such as particle size, shape, composition, and 
morphology. The initial absorbance at 426 nm of 
the mixture was 0.27, which gradually increased 
to 0.37, 0.39, and 0.68. A maximum absorbance 
of 0.73 was observed at 150 min, confirming the 
complete reduction of silver nitrate. According to 
the IMPPAT database, C. roseus extract contains 
phytoconstituents such as alkaloids, flavonoids, 
terpenoids, and phenols that aid in the capping 
of AgNPs.35 Its reported antibacterial, anticancer, 
antiseptic, and anti-inflammatory properties make 
C. roseus based AgNPs a promising candidate for 
drug development. pH adjustment was crucial for 
the formation of CrS-AgNPs, as confirmed by UV-
Vis spectra showing complete reduction of silver 
nitrate within 150 min. 

XRD analysis 
	 XRD is used to determine the crystalline 
lattice structure or amorphous nature of the 
biosynthesized silver nanoparticles. The XRD 
pattern of CrS-AgNPs exhibited distinct peaks 
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at 2q values of 28.08°, 32.48°, 38.33° (111), 
44.59° (200), 46.41°, 55.05°, 57.71°, 64.74° (220), 
67.76°, 77.75° (311), and 82.85° (222). These 
were analyzed using the ICSD database (File No. 
064996/Ref. No. 01-087-0719) as a reference to 
correlate the 2q angle values with 5 characteristic 
intensities (Table 2 and  Figure 3). Previous studies 
have reported that the highest intensity peak at 
38.33° corresponds to the (111) plane, clearly 
indicating the formation of AgNPs.36 The obtained 
diffraction pattern confirmed that the CrS-AgNPs 
possessed a face-centered cubic crystal structure, 
resulting from the reduction of silver ions by the 

aqueous CrS extract. Additional peaks observed 
in the XRD pattern may be attributed to biological 
components present in the extract. Using the 
Debye-Scherrer equation, the average crystallite 
size was calculated to be 26.74 nm, based on a 
2θ angle at 38.33° with a FWHM of 0.315°. The 
measurements were performed within a 2θ range 
of 20°-100° using copper Kλ radiation (λ = 1.5406 
Å).

FTIR analysis of CrS-AgNPs and CrS extract
	 Functional group identification and 
detection of vibrational shifts in AgNPs derived 

Figure 2. (a) UV-visible absorption spectrum demonstrating a characteristic peak at 426 nm, confirming the 
biosynthesis of silver nanoparticles using Catharanthus roseus stem (CrS-AgNPs) extract. (b) Photograph of the 
synthesized CrS-AgNPs in their dried powdered form

Figure 3. XRD patterns display insights into the crystalline nature and structural information of silver nanoparticles 
synthesized using the aqueous extract of the Catharanthus roseus stem
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from CrS extract were determined using FTIR 
spectroscopy. As shown in Figure 4, the FTIR 
spectra exhibited notable shifts between the 
CrS extract and CrS-AgNPs, confirming the active 
participation of the extract phytoconstituents in 
nanoparticle formation. A similar kind of shift was 
reported in a previous study.37 The FTIR spectrum 
of CrS-AgNPs showed multiple peaks, indicating 
the presence of various biomolecular functional 
groups. A strong peak at 2296 cm-1 confirmed 
C≡N stretching (nitrile groups), an indication of 
NP formation,38 while 2677 cm-1 corresponded 
to H-C=O stretching (aldehyde/formyl groups). 
Peaks at 1580 cm-1 and 1286 cm-1 indicated 
aromatic C=C and C-O stretching, respectively. 
O-H stretching (phenols) and C-H stretching 
(aldehydes/methylene) were observed at 3707 
cm-1 and 2842 cm-1. Additional peaks at 1822 cm-1 
and 1445 cm-1 were attributed to C=O stretching 
(cyclic ketones) and C-H stretching (alkanes). 
New functional groups formed during synthesis 
were indicated by peaks at 1822 cm-1 (C=O in 
cyclic ketones) and 1445 cm-1 (C-H in alkanes), 
with additional peaks at 1580 cm-1 and 1286 
cm-1 suggesting aromatic C=C and C-O stretching. 
The spectra of FTIR provide clear evidence of 
functional group changes before and after CrS-
AgNPs synthesis, as shown in Figures 4a and b. The 
observed peaks, corresponding functional groups, 
and their significance. Phenolic compounds, due 

to their benzene rings and alkyl chains, exhibit 
antimicrobial activity against multidrug-resistant 
bacteria by disrupting membranes through passive 
diffusion. Flavonoids and alkyl groups impair 
bacterial virulence by targeting phospholipid 
bilayers, while other groups like aldehydes, 
methylene, carboxylic acids, and nitriles interfere 
with membranes, nucleic acids, and metabolism. 
These effects are largely linked to compound 
lipophilicity rather than specific structures. Further 
research is needed to clarify the mechanisms 
and structure-activity relationships of these 
bacteriostatic agents.39,40

Antibacterial activity (MIC and MBC) of CrS-AgNPs 
against S. aureus
	 Bioactive phytoconstituents of plants 
are used as reducing and stabilizing agents in 
the AgNPs formation, and they possess physico-
chemical characteristics such as high electric 
conductivity and surface area.22 The MIC of 
CrS-AgNPs against S. aureus was evaluated via 
resazurin assay. CrS-AgNPs were treated at 
concentrations ranging from 0.32 to 0.002 µg/mL 
(Figure 5), and after 18 hours of incubation, the 
resazurin was used to assess bacterial viability. 
The positive control well showed bacterial growth, 
while the negative and drug-treated wells did not 
show growth, confirming accuracy and absence of 
contamination. Wells from 1st to 4th demonstrated 

Table 2. Summary of XRD results for biosynthesized Catharanthus roseus stem-based silver nanoparticles

Sample	 2θ peak	 hkl, Diffraction	 Peak width	 Cosθ	 Crystalline size
	 angle	 plane	 (β, radians)		  (D, nm)

CrS-AgNPs	 38.33	 111	 0.32	 0.95	 26.74

Figure 4. FTIR spectra of (a) Catharanthus roseus stem extract and, (b) Catharanthus roseus stem silver nanoparticles 
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inhibition of bacterial growth (purple color), 
and wells from 5th to 8th indicated (turned pink) 
bacterial growth. Based on this observation, the 
MIC of CrS-AgNPs was determined to be 0.04 
µg/mL. MBC against S. aureus was assessed by 
the streak plate method, which was performed 
using streak samples from the 1st to 5th wells on 
MHA plates and incubated for 18 hrs. The results 
demonstrated that wells from 2nd to 5th contained 
viable bacteria, while the 1st well showed complete 
inhibition, indicating 0.32 µg/mL MBC.
	 These MIC and MBC values suggest 
that CrS-AgNPs exhibit strong antibacterial 
and bactericidal activity against S. aureus at 
relatively low concentrations. Previous studies 
have reported that C. roseus methanol extracts 
inhibited the growth of 86.11% of multidrug-

resistant Gram-negative and Gram-positive 
bacteria, including Escherichia coli, Pseudomonas 
aeruginosa, Enterobacter aerogenes, Providencia 
stuartii, Klebsiella pneumoniae, and Enterobacter 
cloacae, with MICs ranging from 64 to 1024 µg/
mL.41 AgNPs synthesized using melatonin-treated 
C. roseus leaf inhibited the growth of S. aureus 
at 15 µg/ml,42 while ethanol extracts of C. roseus 
roots exhibited inhibition at 332 µg/mL.43 Overall, 
these findings demonstrate that CrS-AgNPs 
possess strong bactericidal potential against S. 
aureus, supporting their potential application as 
alternative antimicrobial agents. 

Whole-cell SDS-PAGE protein analysis
	 Pathogenic S. aureus was treated with 
CrS-AgNPs and incubated for 2, 4, 8, and 12 

Figure 5. (a) Minimum inhibitory concentration and (b) minimum bactericidal concentration assays revealed 
the antibacterial efficacy of silver nanoparticles from Catharanthus roseus stem extract against the pathogenic 
Staphylococcus aureus

Figure 6. Whole-cell protein analysis to compare untreated and treated samples by SDS-PAGE
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hours, whereas the untreated sample served 
as a control. Whole cell protein profiles were 
compared between treated and control samples 
using SDS-PAGE, with a protein ladder used for 
molecular weight reference (Figure 6). The results 
showed distinct changes in protein band patterns 
across different incubation times compared to the 
control, indicating variability in protein expression 
following CrS-AgNPs treatment in S. aureus. Some 
studies have reported that the ethanolic extract of 
C. roseus root reduces the expression of penicillin-
binding protein 2a in S. aureus.44 Similarly, 
synthesized AgNPs using Eucalyptus camaldulensis 
leaf extract significantly decreased the expression 
of the outer membrane protein A in Acinetobacter 
baumannii, enhanced penetration into the 
bacterial cytoplasm, and disrupted intracellular 
processes, including DNA, RNA, and protein 
synthesis, as well as immune evasion.45 In addition, 
AgNPs-treated bacteria showed an upregulation of 
glutathione S-transferase and a downregulation of 
glutathione, superoxide dismutase, and catalase 
activities.46 However, due to the limitations of 
SDS-PAGE, further detailed analysis is needed to 
elucidate the precise mechanism of CrS-AgNPs 
action. 

plc gene expression via RT-PCR
	 The messenger RNA levels of plc, 
toxicity-associated gene were examined using 
RT-PCR (Figure 7). plc  enzyme hydrolyzes 
phosphatidylinositol (PI) and cleaves glycosyl-
PI-linked proteins from the host cell membrane, 
thereby promoting bacterial survival in human 
blood and neutrophils.9 Gene expression analysis 

using RT-qPCR showed a reduction in plc transcript 
levels in S. aureus upon treatment with CrS-AgNPs 
(average fold change: 0.71 ± 0.26 (SEM)) relative 
to untreated controls. This suggests potential 
downregulation of the plc gene in response 
to nanoparticle exposure (~29% decrease on 
average). Although a downward trend in plc 
expression was observed in NPs-treated S. aureus, 
statistical analysis showed no significant variation 
(P = 0.438), suggesting a possible biological effect 
that requires further investigation. Previous 
studies have reported that AgNPs synthesized 
using aqueous extracts of Carica papaya, Cannabis 
sativa, and Elettaria cardamomum downregulated 
the expression of biofilm- and virulence-related 
genes such as icaC, icaD, and spa in drug-resistant 
S. aureus and other bacterial pathogens.47

CONCLUSION

	 This study introduces a modified method 
of synthesis of cost-effective and sustainable AgNPs 
using CrS aqueous extract and evaluates inhibitory 
concentration against pathogenic S. aureus, 
providing insights into molecular mechanisms and 
potential therapeutic applications. These plant-
based AgNPs exhibited enhanced antibacterial 
activity against pathogenic S. aureus bacteria while 
altering whole-cell protein expression profiles. 
RT-PCR analysis further suggested a potential 
suppression of the virulence gene, but this requires 
further investigation. To the best of our knowledge, 
this is among the first reports to employ CrS extract 
specifically for the green synthesis of AgNPs and 
to evaluate their effect on the plc virulence gene 

Figure 7. Phospholipase C (plc) gene expression analysis. (a) Amplification plot showing: 1. 16S rRNA (reference 
gene) and 2. plc gene (target gene). (b) Bar graph representing the relative gene expression (2-ΔΔCt fold change) of 
plc in Catharanthus roseus stem-based silver nanoparticle-treated samples compared to control
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expression in S. aureus. The findings highlight 
the potential of CrS-AgNPs as an alternative 
antibacterial agent, particularly against pathogenic 
S. aureus. However, further in vitro, in vivo, and 
clinical studies, along with stability assessments, 
are required to confirm their therapeutic efficacy 
and safety.
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