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ABSTRACT: Silver nanoparticles (AgNPs) have shown promise as antibiotic-free antibacterial
agents. This study comparatively evaluates the antibacterial activity of AgNPs synthesized from
Blumia lacera and Neolamarckia cadamba against methicillin-resistant Staphylococcus aureus

(MRSA). Staphylococcus aureus isolates obtained from various clinical samples, including
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wound swabs and pus, were phenotypically and genotypically confirmed as MRSA. AgNPs
were characterized using UV-visible spectroscopy, and their antibacterial efficacy was assessed
via disc diffusion, agar cup methods, and time-Kkill curves. Results demonstrated that Blumia

lacera AgNPs exhibited remarkably significant (P < 0.009) antibacterial activity by showing

Received: June 27, 2024
Revised:  January 20, 2025
Accepted: January 21, 2025

greater zones of inhibition compared to Neolamarckia cadamba. These findings highlight the
potential of green-synthesized AgNPs as effective agents against MRSA.
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INTRODUCTION

Infections with bacteria can impede the healing of wounds,
particularly in those with severe burns or long-term medical
conditions. The regular antibiotic medication that was
initially effective has become less effective as drug-resistant
bacteria emerge [1]. A significant cause of Staphylococcus
aureus (S. aureus) is gram-positive organisms, which have
the highest isolation rate [2].

It can lead to infections in various body parts in clinical
specimens, such as urine, sputum, wound pus, blood, and
fluids from the abdomen and chest. Methicillin-resistant
Staphylococcus aureus (MRSA) is more common due to the
overabundance of antibiotics. This has increased healthcare
costs, as well as mortality and morbidity from MRSA [3].
There is an urgent need for new treatment alternatives,
especially those based on novel antimicrobial drugs that are
less prone to acquiring resistance and can treat infections
through new mechanisms [4, 5]. Apart from the investigation
and creation of novel organic antibiotics, inorganic
antibacterial compounds could serve as appropriate
substitutes. Therefore, it is possible to use silver
nanoparticles (AgNPs) as A promising weapon against
MRSA [6].

Recenly, the promising potential antibacterial agents for
treating infected wounds, such as carbon-based
nanomaterials, ~ nanocomposites,  silver  nanoparticles
(AgNPs), and metal oxides [7]. AgNPs have good stability,
broad spectral action, and minimum cytotoxicity [8]. AgQNPs
have to prevent the growth of bacterial biofilm because they
have excellent antibacterial properties [9]. The various
biological actions of AgNP include improving the
immunogenicity of vaccines, promoting wound repair,
anticancer activity, and having antidiabetic effects. In the
early nineteen century, for wound infection, AgNPs were
commonly used in wound treatment [10]. By controlling the
synthesis of inflammatory substances or proteins, AgNPs can
help accelerate the healing of wounds [11]. The importance
of AgNPs in medicine has increased significantly with the
use of antibiotics in curing infected wounds decreases [12].
Silver is a heavy metal that is harmful if it builds up in the
body, but when used properly, it can still be beneficial for
wound  healing [13]. Moreover, AgNP-containing
nanocomposites, featuring gels and dressings, can also
significantly lessen the harm that AgNPs do to human beings
and reduce the possibility of their spreading to wounds [14].
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The Ag+ having greater toxicity to HepG2 cells.
However, there is no unified statement on their therapeutic
effects, making it important to compare their effects on
infected wounds. This study aims to compare the
antibacterial efficacy of Blumia lacera and Neolamarckia
cadamba derived silver nanoparticles against MRSA, with a
focus on their potential application in wound healing.

MATERIALS AND METHODS

Collection of clinical wound samples

Samples (wound swabs and pus) were collected among
the patients in the Surgery Department at the Vedantaa
Institute of Medical Sciences, Vedantaa Hospital and
Research Centre, Dhundalwadi, Maharashtra State, using the
swab technique. The identification and detection of MRSA
using phenotypic and molecular methods.

Identification of methicillin-resistant S. aureus

Staphylococcus aureus was isolated and identified
through culture, Gram staining, and biochemical tests on
Nutrient agar and Mannitol salt agar. A cefoxitin (30 g) disc
was used in place of methicillin. An inhibition zone diameter
of 19 mm indicated resistance, but an inhibition zone
diameter of 20 mm indicated sensitivity to methicillin [15].
MRSA was cultured at 37 °C throughout the entire night in
nutrient broth (NB). After being cleaned, the cells were
suspended in NB, and the optical density (OD) was set to 0.1,
or 10® CFU/ml at a wavelength of 600 nm.

DNA extraction

Colonies of cefoxitin-resistant Staphylococcus aureus
were cultured in nutrient broth for 24 hours at 37 °C, with
occasional shaking and a 5-minute microcentrifuge spin at
the maximum speed of 1000 rpm. After that, the cell
suspension was pipetted and centrifuged at 4000 rpm for 10
min in a separate test tube. Total genomic DNA was isolated
from using boiling lysis method by re-suspending at cell
pellet ofl g in 50UL water which were then boiled for 15
minutes at a temperature 0f102 t0110 degrees Celsius. The
cooling was performed on ice to the sample place and for 1
min to 5000 rpm it wa centrifuged. The supernatant was
resuspended in cold 95% ethanol and kept at -20 °C until
PCR was performed [16].

Polymerase chain reaction (PCR) assay

PCR mix contained 50 ul of distilled water, Buffer 1x,
MgCI2, Taq polymerase fields, dNTP pump, MecA primer
(Table 1) and was prepared in a 0.2-ml tube. A PCR mixture
was prepared in 20ul volume and 10ul DNA template was

added to the PCR mixture and placed inside the Insta Q96
(Himedia) thermal cycler for the amplification process This
process comprised initial denaturation at 92 °C for 30
minutes, denaturation at 92 °C for 10 minutes, annealing at
56 °C for 10 min and extension at 72°C for another 10 min.

Table 1. Oligonucleotide sequence of PCR primers
employed for the identification of mecA gene.

Name of primers Sequence 5°-3°

MecA-F GTAGAAATGACTGAACGTCCGATTA

MecA-R CGAATTCGACATTGTTTCCGTCTAA

* Source: [17]

Synthesis of nanoscale silver particles by the wet
reduction method

To make the plant leaf broth solution, 5 g of cleaned
chopped leaves were blended in a 500-ml flask with 100 ml
of sterile D/W and boil 15 minutes. After being refrigerated
for a week, the broth was used. One milliliter of silver nitrate
solution (AgNO3) and an equal amount of prepared leaf
extract were mixed well in a beaker. The beaker was heated
for 3 hours at 30 °C. After 3 hours, the solutions were
removed and cooled. Ag-NPS were formed.

CFU assays and time-kill measurements

In 100 milliliters of NB supplemented with several
concentrations of nanosilver (total silver content: 5, 20, 50, or
100 ug) at 37 °C under constant agitation, MRSA cells were
cultivated in order to determine the killing kinetics in the
presence of Ag-NPS. The cylindrical sample containers were
held horizontally with an orbital shaker while 300 rpm of
agitation was administered. The optical density- MRSA cells
(CFU/mI) (OD) at 600 nm was used to assess the amounts of
bacterial concentrations.The viable count by the spread plate
method using nutrient agar media was used to observe the
number of MRSA cells. The study confirmed a decrease in
the viable count and the percentage of surviving MRSA in
the Blumia lacera and Neolamarckia cadamba nanosilver
groups after incubation for various durations (0 hrs, 1 hrs, 2
hrs, and 3 hrs).

Disk diffusion method

In this method, 0.1 ml of a selected strain of bacterial
culture at 0.1 O.D. was swabbed on a sterile Mueller-Hinton
agar plate. Whatman No. 1 filter paper discs were dipped in
nanosilver solution (0.001 M), placed on an agar plate, and
incubated for 24 hours at 37 °C. Inhibition zones were
measured in mm [18].



Agar cup method

Fifteen milliliters of molten Mueller-Hinton agar media
was bulk seeded with 1 ml of the bacterial culture and
aseptically poured onto a sterile plate. The plates were
allowed to set. The cup was made into a plate with the help
of a cork borer, and 0.1 ml of nanosilver solution (0.001 M)
was put to the well. Zones of inhibition (mm) were observed
after 48 hours and the results are recorded. The results
obtained for the test organism were then compared for Ag-
Blumia lacera and Ag-Neolamarckia cadamba.

Statistically analysis

In this study, a paired t-test was conducted
(https://www.statskingdom.com/paired-t-test-calculator.html)
to analyze the differences in microbial inhibition zones
between the disc diffusion method and agar cup method
across various concentrations (undiluted, 1:10, 1:25, and
1:50) of antimicrobial agents. This statistical test was used to
assess the significance of the differences in inhibition zone
diameters for two different methods of antimicrobial testing.
The chi-square test was also applied to examine the data,
with a p-value of less than 0.05 indicating a significant
difference.

RESULTS AND DISCUSSION

Characterization of Ag-NPS by UV Spectroscopy

Ag-NPS was obtained from Blumia lacera and
Neolamarckia cadamba leaf extracts via the wet reduction
method. The surface plasmon resonance normally produces a
strong peak between 400 and 420 nm in the case of Ag-
Blumia lacera and 380-400 nm in Ag-Neolamarckia
cadamba. Thus, Ag-NPs were characterized using a UV
spectrophotometer (Figure 1). They found the antibacterial
potential of green-synthesized AgNPs toward MRSA strains.
Green synthesized silver nanoparticle: the color of solution
changes to reddish-brown (formed in Milli-Q-water) and
yellowish (formed in green tea extract). The peak intensity
[400 nm (blue)] in the UV—Vis spectrum confirmed the
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synthesized silver nanoparticles were green. These results
were in accordance with the UV-visible spectrum
spectroscopy data as reported by Audtarat et al. [19].

Bacterial survival in the presence of Nanosilver

Methicillin-resistant Staphylococcus aureus survival of
Blumia lacera and Neolamarckia cadamba synthesized
nanosilver  particles was investigated through two
methodologies. Bacterial survival of the Blumia lacera and
Neolamarckia cadamba nanosilver particles was determined
by detecting absorbance using spectrophotometer at 550 nm
(Figure 2). In all undiluted solutions of Blumia lacera Ag-
NPs, maximum antibacterial activity and highest survival rate
of MRSA was found as follows. This was further confirmed
by viable count. The percentage of MRSA surviving was
further decreased in case of Blumia lacera and Neolamarckia
cadamba nanosilver particles when incubated with particles
for 0 hrs, 1 hrs, 2 hrs and 3 hrs. The cell number of the
undiluted Neolamarckia cadamba Ag-NPs had a zero viable
cell count after 2 hours of incubation suggesting this agent
was less effective at higher concentration than both the
surface and nut blight nanoparticles (Table 2).

The plate diffusion and agar well test further confirmed
this result. In the present study, we observed that
Neolamarckia cadamba nanosilver had a relatively lower
survival rate decreased post incubation and was not effective
at higher concentrations compared to Blumia lacera
nanoparticles. Similarity: Haque et al. [20] Time-kill curves
on E. coli treated with AgNPs at different concentrations
Results: The CFU counts were significantly reduced and up
to 83% Killing was observed in E.coli by 40 mg/mL AgNPs.
At 80 and 10 mg/mL, AgNPs were bactericidal with 88% and
28% Kkilling of E. coli respectively. The time-kill kinetics of,
CS-AgNPs against different human pathogens were assessed
to determine the bactericidal activity [21].
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Figure 1. Green synthesis, surface plasmon resonance characterization, and antibacterial evaluation of silver nanoparticles from
Blumea lacera and Neolamarckia cadamba leaf extracts against MRSA.
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Figure 2. Evaluation of Methicillin-Resistant Staphylococcus aureus survival inhibition by Blumea lacera and Neolamarckia
cadamba synthesized nanosilver particles using spectrophotometric Analysis.

Table 2. Time-dependent survival inhibition of Methicillin-Resistant Staphylococcus aureus by Blumea lacera and Neolamarckia
cadamba nanosilver particles was evaluated, focusing on the effects of incubation duration and concentration on viable cell count

Dilution Undiluted AgNO; 1:10 ml diluted AgNO;

Time (hrs) 0 1 2 3 0 1 2 3
Blumea lacera 130x10°  226x10" 520x10° 4.10x10° | 146x10° 125x10° 1.17x107 1.31x 107
(Average/cfu/ml)

Neolamarckia cadamba 3.7 x 10° 2.0 x 10° i i 41 x 10° 3.0 x10° i i
(Average/cfu/ml)

Dilution 1:25 ml diluted AgNO3; 1:50 ml diluted AgNO;

Time (hrs) 0 1 2 3 0 1 2 3
alizézscffeﬁmn 171x10°  144x10° 117x10° 234x107 | 272x10°  172x107 189x10" 3.0 10°
Neolamarckia cadamba
(Averagelcfu/ml) 5.8 x10° 37x10°  3.0x10° - 1.53 x 108 51x10° = 3.4x10° -
(@) Disc diffusion method (b) Agar cup method
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Figure 3. Antibacterial activity of silver nanoparticles derived from Blumea lacera and Neolamarckia cadamba against MRSA
using disc diffusion and agar cup methods. Zones of inhibition (in mm) are shown for different concentrations (undiluted, 1:10,

1:25, 1:50) for both plant-derived AgNPs.



Antimicrobial activity

Ag-NPS activity against MRSA against undiluted, 1:50
ml, 1:25 ml and 1 - 10 ml was determined by using the disc
diffusion method and agar cups. It is observed that the
maximum zone of inhibition was in Blumia lacera compared
to Neolamarckia cadamba nanosilver particles thus results
are showed in (Figure 3).

The paired t-test results showed a statistically significant
difference between the disc diffusion method (M = 20.4, SD
= 1.8) and the agar cup method (M = 18, SD = 2.5), with a t-
statistic of 4.7 (df = 4) and a p-value of 0.009. The disc
diffusion method produced a larger average inhibition zone
compared to the agar cup method. The t-statistic of 4.7
suggests a large difference relative to the variability. Thus,
the difference between the two methods is both statistically
significant and practically meaningful for Blumia lacera.

For the Neolamarckia cadamba silver nanoparticles, the
paired t-test results showed a non-significant difference
between the disc diffusion method (M = 13.6, SD = 5.6) and
the agar cup method (M = 15.2, SD = 4.4), with a t-statistic
of 1.6 (df = 4) and a p-value of 0.195. The t-statistic of 1.6
suggests a moderate difference, but the data does not provide
strong evidence to reject the null hypothesis.

Broad-spectrum antibacterial activity was observed with
the synthesized AgNPs on gram-positive bacteria [22]. The
antibacterial activity of AgNPs against S. aureus was noticed
with great importance by the agar well diffusion method [23].
Bioassay of Penicillium derived AgNP were found to have
antimicrobial activity against the multi-drug resistant
pathogenic species S. aureus, as per disc diffusion method
[24]. When 80 pL of AgNP was used the maximum zones of
inhibition were 21 mm and 20 mm, respectively. Likewise,
similar effects on S. aureus were reported [25].
Consequently, ecofriendly green  synthesized  silver
nanoparticles successfully exhibit antibacterial activity on
various bacterial strains.

This is the first research article to compare the
antibacterial properties of nanoparticles derived from two
specific plant sources, which adds uniqueness and asserted its
novel contribution to the field. Additionally, the study
emphasizes the importance of identifying effective,
antibiotic-free agents for combating drug-resistant bacteria.

The Blumea lacera AgNPs exhibit superior antibacterial
properties when compared to Neolamarckia cadamba
AgNPs. Studies have shown that smaller nanoparticles
typically exhibit greater antibacterial activity due to their
higher surface area-to-volume ratio [26]. This increased
surface area allows for more active sites to interact with
bacterial cells, potentially leading to more effective
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disruption of bacterial membranes and internal cellular
processes [27]. In contrast, larger nanoparticles may have
less surface area available for interaction, which could result
in a reduced antimicrobial effect [28]. Thus, the small size of
Blumea lacera AgNPs (12.52 nm) [29] may contribute to
their superior ability to penetrate bacterial cell walls and
inhibit bacterial growth more effectively than Neolamarckia
cadamba AgNPs (80-200 nm) [30].

Another crucial factor is the surface charge of the
nanoparticles. The charge of nanoparticles plays a significant
role in determining their interaction with bacterial cell
membranes, which are typically negatively charged.
Positively charged nanoparticles tend to have a stronger
attraction to the negatively charged bacterial membranes,
allowing for better binding and, subsequently, more efficient
penetration of the bacterial cell. This interaction can disrupt
the integrity of the bacterial cell membrane, leading to
leakage of intracellular contents and ultimately cell death
[31]. The Blumea lacera AgNPs exhibit a more favorable
surface charge for interaction with bacterial cells compared
to Neolamarckia cadamba AgNPs; this may account for the
former's enhanced antibacterial activity [32].

In addition to size and surface charge, the composition of
the AgNPs can also significantly impact their antibacterial
effectiveness. The synthesis methods used for fabricating
these nanoparticles can introduce variations in their chemical
composition, which may affect their toxicity and
antimicrobial properties [33]. For instance, the presence of
different stabilizing agents or capping agents could influence
the stability and dispersibility of the nanoparticles, as well as
their ability to release silver ions, which are responsible for
their antimicrobial activity [34]. Blumea lacera AgNPs may
have unique compositional features that enhance their
antibacterial properties compared to Neolamarckia cadamba
AgNPs, and these differences could be worth exploring in
future studies.

CONCLUSION

In this study, the study revealed the presence of methicillin
resistance strains confirmed by molecular identification. The
antibacterial effect of AgNPs was investigated using the disc
diffusion method, the agar cup method, and time—kill curves.
We compared the antibacterial activities of the Blumia lacera
Ag-NPs and Neolamarckia cadamba Ag-NPs against MRSA.
The maximum antibacterial activity and highest survival rate
of MRSA were observed in all undiluted solutions of Blumia
lacera Ag-NPs. The viable count of the undiluted
Neolamarckia cadamba Ag-NPs indicated that no survivors
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survived after 2 hours of incubation, indicating that this agent
is less effective at higher concentrations than are the Blumia
lacera nanoparticles. The maximum zone of inhibition was
observed for Blumia lacera compared to Neolamarckia
cadamba nanosilver particles. Moreover, Ag-NPs promoted
wound healing in Blumia lacera.

Recommendation

The present study clearly demonstrated the antibacterial
activity and time-kill curves, which could potentially enhance
wound healing. However, it is premature to comment on
clinical cure in patients. Further studies are needed, including
animal models and human volunteer trials, to assess the
safety of this antimicrobial agent, particularly its cytotoxicity.
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