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ABSTRACT
Objective(s): Multidrug-resistant (MDR) organisms are posing threat by exhibiting resistance to commonly 
used antibiotics. From our study, we found a novel strategy to enhance the efficacy of antibiotics, which could 
help in treating diseases caused by various pathogens. We have used a natural, low-cost, biological reducing 
and capping agent, Thespesia populnea leaf extract to synthesize silver nanoparticles (AgNPs) and linezolid-
conjugated silver nanoparticles (Li-AgNPs).
Materials and Methods: The nanoparticles were characterized by UV-visible spectroscopy, Scanning Electron 
Microscope (SEM), X-Ray Diffraction (XRD), and Fourier Transform Infrared (FT-IR) spectroscopy. 
The antimicrobial activity was evaluated against MDR Staphylococcus aureus, Enterococcus faecalis, and 
Enterococcus faecium by agar well plate method. The UV-visible absorption spectra showed absorption peaks 
at 442 nm and 464 nm for AgNPs and Li-AgNPs, respectively. 
Results: The SEM analysis revealed particle size with a diameter ranging from 18 to 22 nm and 24 to 32 nm, 
respectively, and spherical in shape. The FT-IR spectrum has a distinct absorption band at 2065 cm-1 confirms 
adsorption of antibiotic linezolid on the AgNPs. The XRD pattern showed the characteristic absorption 
bands of 2 theta values, which confirms that NPs are crystalline in nature. The AgNPs and Li-AgNPs have 
exhibited the antibacterial potency. The Li-AgNPs have showed 25.8%, 7.6%, and 12.5% more microbial 
growth inhibition compared to antibiotic linezolid against E. faecalis, E. faecium,and S. aureus,respectively. 
Conclusion: All these results clearly indicated that the Li-AgNPs possesses enhanced antimicrobial activity 
than antibiotic linezolid, indicating the usefulness of this novel strategy to treat various communicable 
diseases caused by MDR pathogens. 

Keywords: Communicable diseases, Staphylococcus aureus, Enterococcus faecalis, Enterococcus faecium,  Anti-
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INTRODUCTION
The term “Nano” is derived from a Greek word 

“dwarf”. The prefix nano in the word nanotechnology 
means a billionth (1/10-9). “Nanotechnology” deals 
with application of nanoparticles in biological, 
physical, chemical, environmental, agricultural, 
industrial or pharmaceutical sciences [1-4]. In the 
last few decades, nanotechnology has become an 
important and exciting forefront field in physics, 

chemistry, biology and engineering. It shows 
great promise for providing us with a wide range 
of applications in the near future, with many 
breakthroughs. Nanobiotechnology is a newly 
coined term describing the convergence of the 
two existing, however distant, worlds between 
engineering and molecular biology. It is believed 
that a combination of these disciplines will produce 
a new class of multifunctional devices and system 
for biological and chemical analysis characterized by 
better sensitivity and specificity and higher rates of 
recognition compared with current solutions [5-9]. 
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Solid particles or particulate dispersion with a size 
range of 10-100 nm are considered as nanoparticles. 
The nanoparticles are synthesized by various 
methods, in which biosynthesis or green synthesis 
is an environmental friendly approach, which uses 
plant extracts, bacteria, fungi, and so on to produce 
nanoparticles [10-14]. The nanomaterials can be 
classified based on their number of dimensions. 
According to Siegel, nanomaterials are classified 
as zero-dimensional (OD), one-dimensional (1D), 
two-dimensional (2D), and three-dimensional 
(3D) nanomaterials [15-17]. Particularly, silver 
nanoparticles (AgNPs) have received more 
attention due to their physical, chemical, and 
biological properties that are attributed to their 
catalytic activity and bactericidal effects. They are 
used as antimicrobial agents in wound dressing, as 
antiseptic lotion to prevent wound infections, and 
as anticancer agents [18-20]. Among various classes 
of nanoparticles, Silver nanoparticles (AgNPs) have 
received greater attention due to its stability (noble 
metal) and application as an antimicrobial agent. 
The antimicrobial potency of silver increases with 
increased surface area [21-24]. The biological 
activity of AgNPs depends on number of factors such 
as their surface chemistry, size, size distribution, 
particle morphology, shape, particle composition, 
coating or capping, agglomeration, dissolution 
rate, particle reactivity in solution, efficiency of ion 
release, and cell type.  One of the most important 
factors in determining cytotoxicity is the kind of 
reducing agents utilized in the synthesis of AgNPs 
[25-30].

Thespesia populnea is a flowering species 
belonging to the Malvaceae family commonly 
known as the Portia tree, Pacific rosewood, Indian 
tulip tree, or Milo. It is a small tree or shrub that can 
grow up to 60 meters tall with a trunk that can get 
as big as 20-30 cm in diameter. It grows in regions 
which are 275 m above the sea level and receives 
an annual rainfall of 500-1600 mm. The plant parts 
of T. populnea particularly the bark, roots, leaves, 
flowers, and fruits are all used in Indian traditional 
medicine against a wide range of conditions like 
pleurisy, cholera, colic fever, herpes, urinary track 
problems, abdominal swellings, hair lice, swollen 
testicles, rheumatism, cough, influenza, headaches, 
skin diseases, hemorrhoids, cold, etc. Apart from 
these medicinal paper are, its timber is also used 
to make the paper. Its wood is used to make 
bowls, paddles, and other carved objects [31]. 
In the present study,  we have prepared linezolid 

conjugated silver nanoparticles (Li-AgNPs) using 
aqueous leaf extract of Thespesia populnea and 
evaluated its antibacterial effect against MDR 
Staphylococcus aureus, Enterococcus faecalis, and 
Enterococcus faecium. This novel strategy could 
be employed as an effective strategy for treating 
various other communicable diseases as well. In 
addition, this method is eco-friendly, non hazardous 
and economical. 

MATERIALS AND METHODS
Preparation of Thespesia populnea leaf extract 

Fresh and healthy leaves of T. populnea were 
collected from Honnenalli, Chitradurga district, 
Karnataka, India.  About 30 g of healthy leaves 
were washed thoroughly and boiled with 300ml of 
distilled water for 30-40 min. The obtained extract 
was cooled and filtered twice through Whatman 
no.1 filter paper to get a clear solution. This extract 
was stored in refrigerator at 40 C for further use [32]. 

Biosynthesis of silver nanoparticles
The silver nitrate solution (3mM) was mixed 

with T. populnea leaf extract solution in the ratio 
of 1:2. The mixture was thoroughly mixed and 
incubated at 370 C in dark condition for 24 hr. The 
colour change from yellowish to dark brown was 
observed, mainly due to reduction of silver nitrate 
to metallic silver by the secondary metabolites 
present in the T. populnea leaf extract. These 
metabolites include alkaloids, terpenoids, and 
flavonoids which act as reducing and capping 
agents.  The UV-visible absorption was measured in 
the range of 350-450 nm to confirm the synthesis 
of AgNPs using UV-visible spectrophotometer. Then 
the mixture was centrifuged at 10,000 rpm for 10 
min. The supernatant was discarded and pellet was 
collected. The separated pellet was dried and used 
for further characterization [33].

Synthesis of Linezolid conjugated AgNPs
The T. populnea leaf extract, 3mM AgNO3 

solution, and Linezolid (0.1%  w/v) were mixed in 
the ratio of 1:3:1. The mixture was thoroughly 
mixed and incubated at 370 C in dark condition for 
24 h. The change in the colour of the mixture was 
observed.  The UV-visible absorption was measured 
in the range of 350-450nm to confirm the synthesis 
of Li-AgNPs by UV-visible spectrophotometer. Then 
the mixture was centrifuged at 10,000 rpm for 10 
min. The supernatant was discarded and pellet was 
collected. The separated pellet was dried and used 
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for further characterization [34].

Characterization of silver nanoparticles
UV-visible spectroscopy

The optical properties of synthesized AgNPs 
were determined by using UV-visible spectrometry. 
The UV-visible absorption spectra of AgNPs and Li-
AgNPs were observed in the range 350 to 450 nm 
using UV-visible spectrophotometer (Eppendorf). 

Scanning electron microscopy (SEM)
The morphological characteristics of AgNPs and 

Li-AgNPs were established by the SEM as the best 
method for determining the surface topography 
and three-dimensional view of the synthesized 
NPs. Thin films of the samples were prepared on a 
carbon-coated copper grid by dropping a very small 
amount of the sample on the SEM grid. The film 
was allowed to dry by keeping it under a mercury 
lamp for 5 min and then, was subjected for the SEM 
analysis [35]. 

Fourier-transform infrared spectroscopy (FT-IR)
The FT-IR analysis was used to identify the 

functional groups present in the T. populnea leaf 
extract which may be responsible for the reduction 
of AgNO3 to metallic silver. These metabolites may 
be involved in the synthesis and stabilization of 
AgNPs and Li-AgNPs [36]. 

X-ray diffraction studies
The sizes of particle and nature of AgNPs were 

resolved by XRD. A thin film of the dried NPs was 

coated on an XRD grid and carried out XRD studies. 
The obtained data of 2 theta values are helpful for 
analyzing different planes of crystal. The average 
size of crystalline AgNPs was calculated from the 
width of the peaks [37].

In-Vitro antimicrobial activity of AgNPs and Li-
AgNPs 

The antimicrobial activity of synthesized AgNPs 
and Li-AgNPs was assessed against gram positive 
bacteria E. faecium, E.  faecalis, and S.  aureus by 
agar well plate method. The Aqueous dispersions 
of AgNPs and Li-AgNPs (0.1%) were used in the 
same concentration as that of antibiotic linezolid. 
Stock cultures of E. faecium, E. faecalis, and S. 
aureus were grown separately in liquid nutrient 
broth medium. The bacterial cultures were spread 
uniformly on solidified nutrient agar media and 4 
wells of 1cm diameter were made in each plate 
with sterile cork borer. The T.  populnea leaf extract, 
AgNPs, Li-AgNPs, and Linezolid were loaded to the 
different wells. These Petri plates were incubated at 
37 0 C for 24 h for microbial growth [38]. 

RESULTS AND DISCUSSIONS
UV-visible spectroscopy

The UV- visible spectroscopy was used to 
measure the UV- visible absorption in the range 
of 350 to 550 nm which is typical for AgNPs. In the 
present study, the UV-visible absorption spectra of 
AgNPs and Li-AgNPs have shown the characteristic 
absorption peaks at 442 nm and 464 nm, 
respectively (Fig. 1a & 1b).

(a) (b)

Fig 1. UV-visible absorption spectra of (a) AgNPs, and (b) Li-AgNPs.
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SEM analysis
Microscopic surface features including 

morphology and particle size of synthesized AgNPs 
and Li-AgNPs were assessed by SEM analysis. The 
nanoparticles were found to be spherical in shape 
with a diameter ranging from 18 to 22 nm and 24 to 
32 nm, respectively (Fig. 2a & 2b). SEM image also 
confirms that the synthesized nanoparticles were 
well separated with no aggregation.

FT-IR analysis
FT-IR measurements were carried out to 

identify functional groups present in the secondary 
metabolites of T. populnea leaf extract responsible 
for the capping and efficient stabilization of 
synthesized AgNPs. The FT-IR spectra of AgNPs and 
Li-AgNPs show several peaks indicating the complex 
nature of the biological material.  The FT-IR spectra 
of AgNPs shows absorption bands at 3000 cm-1,1064 
cm-1,and 1116 cm-1 corresponding to O-H, C=O, and 
C=C groups, respectively (Fig. 3a). The FT-IR spectra 
of Li-AgNPs showed the absorption bands at 3720 
cm-1, 3000 cm-1, 2065 cm-1, and 1100 cm-1 which 

(a) (b)
Fig 2. SEM images of (a) AgNPs, and (b) Li-AgNPs

(a)

(b)

Fig 3.  FT-IR spectra of   (a) AgNPs,  and (b) Li-AgNPs
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can be assigned to O-H stretch, N-H, C-H, O-H, and 
C=C groups, respectively (Fig.3b). The absorption 
band at 2065 cm-1 confirms adsorption of antibiotic 
linezolid on AgNPs.

XRD analysis
The synthesized AgNPs and Li-AgNPs were 

subjected to XRD analysis for the measurement of 
sizes of these particles. The XRD pattern obtained 

for the AgNPs shows 2 theta values of 20.570, 
22.950, 32.400, 44.270, 64.66, and 77.630 appeared, 
indexed as crystalline silver (Fig. 4a). The XRD 
pattern of Li-AgNPs showed 2 theta values of 
27.810, 32.220, 38.140, 44.340, 46.260, and 76.940 
(Fig. 4b). The sharp peaks clearly indicate that the 
nanoparticles are spherical in shape and crystalline 
in nature. 
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Fig 4.  XRD analysis of  (a) AgNPs, and (b) Li-AgNPs
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Antimicrobial activity of AgNPs and Li- AgNPs
The antimicrobial potency of T.  populnea 

leaf extract, AgNPs, Linezolid conjugated AgNPs 
and Linezolid was assessed against E. faecium, 

E.  faecalis, and S. aureus. The results showed 
that a significant microbial growth inhibition 
was observed with both AgNPs as well as Li-
AgNPs (Fig. 5&6). The synthesized Li-AgNPs have 

(a) (c)

Fig 5. Petri plates showing antimicrobial activity of  (1) T.  populnea leaf extract, (2) AgNPs, (3) Li-AgNPs, and  (4) Linezolid 
against (a) E.  faecium,  (b) E.  faecalis, and  (c) S.  aureus

(b)

Fig 6.  Bar graph showing antimicrobial activity of T. populnea leaf extract, AgNPs, Li-AgNPs and Linezolid 
against E. faecalis, E. faecium, and S. aureus

MB Puttaraju et al. / A novel method against MDR bacteria



341Nanomed J. 12(2): 335-343,  Spring 2025

MB. Puttaraju et al. / A novel method against MDR bacteria

shown 25.8%, 7.6%, and 12.5% more growth 
inhibition activity against E. faecalis, E. faecium, 
and S. aureus, respectively, compared to standard 
antibiotic Linezolid (Table 1). 

CONCLUSION
Nowadays, MDR bacteria are posing a greater 

trouble by showing resistance against commonly 
used antibiotics. Hence, scientists have a great 
task to find a novel strategy to enhance the 
efficiency of antibiotics. In the present study, we 
have demonstrated the use of a natural, low-
cost, biological reducing and capping agent i.e., 
T. populnea leaf extract to produce metal(Ag) 
nanoclusters through green methodology. 
The formation of AgNPs was confirmed by UV-
visible spectroscopy. The shape, crystallinity, 
and functional groups present in the synthesized 
AgNPs were studied by SEM, XRD, and FT-IR 
spectra through the distinct characteristic peaks. 
The antimicrobial activity of synthesized AgNPs 
and Li-AgNPs were evaluated against three 
MDR bacterial pathogens such as S. aureus,E.  
faecalis, and E. faecium by standard well 
diffusion method. The data clearly indicates that 
the antibiotic linezolid conjugation with AgNPs 
greatly enhanced the antimicrobial activity in the 
decreasing order from E. faecalis,E. faecium,and 
S. aureus,respectively. The Li-AgNPs also showed 
potent inhibitory effect than T.  populnea plant 
extract, AgNPs, and antibiotic linezolid. These 
results clearly demonstrate the utility of Li-AgNPs 
in enhancing the antibacterial potency of both 
AgNPs as well as Li-AgNPs. The present study 
showed a simple, rapid, and economical route 
to synthesize AgNPs and Li-AgNPs that could be 
employed for clinical trials thereby enhancing the 
antibacterial effect of currently used antibiotics 

to cure various communicable diseases caused by 
MDR pathogens. The use of T.  populnea has an 
added advantage that this plant can be used as 
antibacterial and in wound healing. This method 
is potentially exciting for the large-scale synthesis 
of nanoparticles.
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