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Abstract

The use of nanotechnology in various fields of biomedicine and pharmaceutical is expanding
rapidly. The aim of the current study was to analyze the biosynthesis of samarium oxide
nanoparticles (Sm;O3 NPs) using curcumin and to investigate its antimicrobial effects. In this
study, curcumin was used as a reducing agent for the synthesis of samarium oxide nanoparticles.
The synthesized NPs were examined using Transmission Electron Microscopy (TEM), X-ray
diffraction (XRD), Energy Dispersive X-Ray (EDX), light dynamic diffraction (DLS), and zeta
potential methods. Antimicrobial effects of Sm,O3; NPs against clinical and standard strains of
Pseudomonas aeruginosa PTCC 1430 and Staphylococcus aureus PTCC 1431 were
investigated by disk diffusion methods with Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC). Also, the effect of NPs on the production of
virulence factors of pyocyanin pigment and alginate in Pseudomonas aeruginosa was
investigated. Characterization of the synthesized Sm,O3sNPs showed that the NPs had a cubic
structure with an average size of 32.61 nm and a pure crystalline phase. Also, DLS and zeta
potential analysis showed that the produced NPs had an average diameter of 90 nm and a charge
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of -9.4 mV. The disk diffusion method displayed the significant antibacterial activity of Sm,03
NPs against studied strains. According to the broth microdilution method, the lowest MIC value
was obtained for the standard strain of S. aureus and the highest MIC value was obtained for the
clinical strain of P. aeruginosa with concentrations of 3.12 and 25 pg/mL, respectively. Also,
the study of the effect of nanoparticles on the production of pyocyanin and alginate showed
promising results. In the present study, the antibacterial effect of Sm,Os NPs against multidrug-
resistant strains of P. aeruginosa and S. aureus was investigated. Based on the results of this
study, Sm;O3 NPs synthesized using curcumin can be used as an effective antibacterial agent
against clinical pathogens.

Keywords: Nanoparticles, Samarium Oxide, Pseudomonas aeruginosa, Staphylococcus aureus,
Antimicrobial.

Introduction

Pseudomonas aeruginosa is a frequently encountered pathogen often found in individuals
with conditions such as cystic fibrosis, and immune deficiencies. Staphylococcus aureus is an
opportunistic Gram-positive pathogen associated with various infections in healthcare
environments and the community. It is involved in a wide range of diseases, such as soft tissue
infections, endocarditis, osteomyelitis, and urinary tract infections. The excessive use of
antibiotics has resulted in the rise of multidrug-resistant (MDR) bacterial strains, contributing to
the inheritance and transmission of infectious diseases. Antibiotic resistance stands as a major
global health challenge. MDR-resistant strains have caused the ineffectiveness of traditional
antimicrobial treatments, leading to prolonged disease persistence. Hence, there is a crucial need
to explore novel antibacterial agents to combat drug-resistant bacterial strains. EXisting
literature suggests that the utilization of metallic nanoparticles has exhibited encouraging
outcomes in addressing antibiotic resistance. Nanoparticles (NPs) possess distinctive
characteristics, including a large surface area, small size, low toxicity, and high stability. Key
effects of exposure to metallic NPs include the generation of reactive oxygen species (ROS),
disruption of bacterial cell walls and extracellular polymeric substances (EPSs), DNA damage,
inhibition of protein synthesis, and eventual bacterial cell death. Samarium, a significant
member of the lanthanide family, holds importance in various health and medical applications
owing to its low toxicity and high photostability. These applications include drug delivery,
medical imaging, and its use as an antitumor agent. The primary objective of the present study is
to assess, for the first time, the antibacterial capabilities of samarium oxide nanoparticles
(Sm>03NPs) against P. aeruginosa and S. aureus.

Materials and Methods

The green synthesis of samarium oxide nanoparticles was carried out using curcumin.
Transmission electron microscopy (TEM) was used to determine the size and morphology of
nanoparticles. The crystalline structure of the synthesized NPs was examined using an X-ray
diffractometer (XRD), and elemental analysis was carried out by energy-dispersive X-ray
spectroscopy (EDS). The zeta potential and Dynamic Light Scattering (DLS) analyses were
performed to evaluate the surface charge and hydrodynamic radius of the synthesized NPs. The
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antibacterial potential of Sm,OsNPs against studied bacteria was carried out using the disk
diffusion assay. The minimum inhibitory concentration (MIC) of Sm,OsNPs for P. aeruginosa
and S. aureus was determined using the microdilution technique. To ascertain the minimum
bactericidal concentration (MBC), 100 uL from wells without bacterial growth were sub-
cultured on Muller—Hinton agar. After incubating at 37 °C for 24 hours, bacterial growth was
assessed. The MBC was determined as the lowest concentration of Sm,O3sNPs capable of killing
bacterial cells. In addition, the effect of Sm,O3NPs on pyocyanin production by P. aeruginosa
was evaluated using the chloroform-hydrochloric acid method. Briefly, a P. aeruginosa
suspension (OD620 = 0.04) was inoculated in nutrient broth without or with 0.5 MIC
Sm,0O3NPs. After 48 hours of incubation with shaking, the bacterial culture was centrifuged, and
a cell-free supernatant was obtained. Pyocyanin from the cell-free supernatant was extracted
with chloroform and then re-extracted into 0.1 N HCI. The absorbance of the pink layer was
measured at 520 nm.

Research Findings

The results of the study showed that, according to TEM images, the synthesized
nanoparticles exhibited a cubic structure with a diameter of 32.61 nm. Examination of the X-ray
diffraction pattern revealed that the synthesized nanoparticles matched the standard sample
(JCPDS card) with the reference code 01-088-2166, confirming the accurate synthesis of
samarium oxide nanoparticles. In addition, the zeta potential value for samarium oxide
nanoparticles was recorded as -9.4 mV, which indicated relatively good colloidal stability of
nanoparticles. The MIC and MBC values of Sm,O3NPs against the studied bacteria ranged from
3.12 to 25 and 6.25 to 50 pg/mL, respectively. Additionally, the concentration of pyocyanin
significantly decreased after treating P. aeruginosa with a 0.5 MIC concentration of
nanoparticles.

Discussion of Results and Conclusions

The rapid emergence of multi-drug resistant bacteria in recent years has become a global
problem, rendering the old generation of antibiotics ineffective. Nanotechnology is a potential
solution for eliminating antibiotic-resistant microbes, as it can stimulate the synthesis of a new
generation of antibiotics. In this research, curcumin was utilized as a regenerating agent to
regenerate samarium nitrate ions and produce SmOsNPs. The results of the disk diffusion
method demonstrated the strong antibacterial effects of samarium oxide nanoparticles against
the tested strains. As the nanoparticle concentration increased, the diameter of the growth
inhibition zone also increased. Notably, both standard and clinical strains of S. aureus exhibited
greater sensitivity compared to their P. aeruginosa counterparts. This variation in inhibition
suggests differences in the cell wall structure, where S. aureus possesses a thick layer rich in
sugars and amino acids, while P. aeruginosa has multiple layers of proteins and lipids. The
antibacterial effect of Sm,Os;NPs may result from the release of metal cations from the
nanoparticles, which are then absorbed by bacteria. The cations attached to the surface of
bacterial phospholipids induce the release of cellular materials from bacteria, leading to
oxidative stress, DNA damage, and ultimately bacterial cell death. Additionally, owing to their
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small size, Sm;O3NPs can bind to the bacterial cell membrane and subsequently disrupt this
structure. Pyocyanin, a pigment classified within the phenazine group, is synthesized by P.
aeruginosa and serves as a virulence factor contributing to antibiotic resistance. Within
eukaryotic cells, pyocyanin functions as a cellular signal, inducing alterations in cellular
responses by impacting genes. Moreover, elevated concentrations of this pigment in the lungs of
individuals with chronic cystic fibrosis infection can potentially impair the function of epithelial
cells and diminish immune responses. According to the research findings, the MDR strain
exhibited a notable decrease in pyocyanin concentration following treatment with Sm,O3NPs in
comparison to the control group. The synthesis of pyocyanin is regulated by two quorum
sensing pathways, namely rhl and pgs. The inhibitory effect of Sm;Os;NPs on pyocyanin
production may result from interference with the quorum sensing systems. The results obtained
in this study suggest that samarium oxide nanoparticles can serve as an effective antibacterial
agent against multi-drug-resistant clinical strains. Further studies are recommended to delve into
the molecular mechanisms underlying the antibacterial activity of samarium oxide
nanoparticles.
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Figure 1- Transmission electron microscope image of samarium oxide nanoparticles
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Figure 2- Size distribution histogram of samarium oxide nanoparticles based on transmission electron microscope image
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Figure 3- X-ray diffraction pattern of samarium oxide nanoparticles
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Figure 4- X-ray energy diffraction diagram of samarium oxide nanoparticles
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Figure 5- Hydrodynamic radius of samarium oxide nanoparticles obtained from dynamic light scattering analysis
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Figure 6- Zeta potential results of samarium oxide nanoparticles
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Figure 7- Antibiogram test of clinical strain of Pseudomonas aeruginosa (left) and clinical strain of Staphylococcus aureus
(right)

Figure 8- Antibiogram test of Pseudomonas aeruginosa standard strain (left) and Staphylococcus aureus standard strain
(right)
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Table 1- Antibiotic susceptibility results of standard strains of Pseudomonas aeruginosa and Staphylococcus aureus
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Figure 9- Growth inhibition halo of different concentrations (1.6-200 mg/ml) of samarium oxide nanoparticles against
clinical and standard strains of Pseudomonas aeruginosa
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Figure 10- Growth inhibition halo of different concentrations (1.6-200 mg/ml) of samarium oxide nanoparticles against
clinical and standard strains of Staphylococcus aureus
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Table 2- Diameter of the growth inhibition halo (mm) caused by different concentrations of samarium oxide nanoparticles
against the tested bacteria
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Table 3- Minimum inhibitory concentration and the minimum bactericidal concentration values of samarium oxide
nanoparticles
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Figure 11- Concentration of pyocyanin produced by Pseudomonas strains after treatment with samarium oxide
nanoparticles
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Figure 12- Reduction of alginate production by clinical strain of Pseudomonas aeruginosa after treatment with 0.5 MIC
concentration of samarium oxide nanoparticles (a) compared to high viscosity control group (b). Complete inhibition of
alginate production in the standard strain (c, left) compared to the control group (c, right)
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1 Biotechnology

2 Muniyappan

3 Curcuma pseudomontana

4 Nambiar

5 Turmeric

¢ Curcuma longa

7 Samarium oxide nanoparticles

8 Multidrug-resistant (MDR)

° Pseudomonas aeruginosa

10 Staphylococcus aureus

11 Samarium (111) nitrate hexahydrate

12 Calcination

13 Muffle furnace

14 Transmission Electron Microscopy

15 X-Ray Diffraction

16 Energy Dispersive X- ray Spectrometer

17 Dynamic Light Scattering

18 Tryptic soy broth

19 Clinical and Laboratory Standards Institute (CLSI)
20 Minimum Inhibitory of Concentration: MIC
21 Minimum Bactericidal Concentration: MBC
22 Supernatant

23 Acide chlorhydrique

2+ Viscosity

25 String test

26 Andrographis Paniculata

27 Caesalpinia pulcherrima

28 Enterococcus faecalis

29 Escherichia coli

30 Samarium doped hydroxyapatite nanoparticles
(Sm:HAp-NPs)

31 Candida albicans

32 Extracellular polymeric substances (EPSs)
33 B (1—4) D-mannuronic

34 g-L-guluronic acid
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