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Colloidal Silver Nanoparticles Obtained via Radiosynthesis:
Synthesis Optimization and Antibacterial Application
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Abstract:
Silver nanoparticles (AgNPs) with broad-spectrum antimicrobial properties are gaining increasing
interest in fighting multidrug-resistant bacteria. Herein we describe the synthesis of AgNPs
stabilized by polyvinyl alcohol (PVA) with high purity and homogeneous sizes using radiolysis.
Solvated electrons and reducing radicals are induced from solvent radiolysis and no other chemical
reducing agents are needed to reduce the metal ions. Another advantage of this method is that it
leads to sterile colloidal suspensions, which can be directly used for medical applications. We
systematically investigated the effect of the silver salt precursor on the optical properties, particle
size and morphology of the resulting colloidal AgNPs. With Ag,SO, precursor, the AgNPs displayed
a narrow size distribution (20 + 2 nm). In contrast, AgNO; and AgClO, precursors lead to
inhomogeneous AgNPs of various shapes. Moreover, the optimized AgNPs synthesized from
Ag,SO, were stable upon storage in water and phosphate-buffered saline (PBS) and were effective
in inhibiting the growth of Staphylococcus. aureus (S. aureus) at a concentration of 0.6 ug-mL™ and
completely eradicated it at a concentration of 5.6 pg-mL™?. When compared with various
conventional methods and other different strategies, the remarkable bactericidal ability against S.
aureus of the AgNPs produced here opens up new avenues for further applications in medicine
and other domains.

Keywords: Silver nanoparticles; radiosynthesis; antibacterial property; S. aureus; sterile
colloidal suspensions
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I;ackground and Objective

Q: Bacterial resistance caused by the
widespread use of antibiotics.

A: Colloidal AgNPs with broad-spectrum
antibacterial activity are employed to
fight multidrug-resistant bacteria.
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[1] J. Nanoparticle Res. 2010, 12, 1531-1551; [2] Int. J. Nanomedicine. 2020, 15, 2231-2258
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AgNPs Radiosynthesis Radiosynthesis

Metallic ions .
Organic molecules

/macromolecules

ADYVARITAGES Inorganic NPs Organic\ NPs

Nanocomposites

Green, straightforward & environmentally friendly.

Controlled synthesis of AgNPs without using toxic reducing agent like NaBH,.

Metal NPs with monodispersedin a fully reduced, highly pure and highly stable state.
A powerful synthesis method at room temperature.
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An unique method to obtain sterile formulations to be directly used in medical applications.

[3] Prog. Org. Coat. 2023, 176, 107393; [4] Physica. E. 2009, 42, 132-135
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Sﬁynthesis Mechanism
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[5] Int. J. Mol. Sci. 2013, 14, 7880-7896. [6] Pharmaceutics. 2023, 15, 1787.

-




The 9th International Electronic 7
. Conference on Medicinal Chemistry MD\P)

01-30 November 2023 | Online

k.
-

gynthesis Optimization of AgNPs
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R/Iorphology and Size Distribution of AgNPs

Ag,S0, precursor AgClO, precursor
B - . -~ v
».% C 0.. ‘g' ° ‘. -
= f ‘... ° : . ' - ;
y . .. 9 . B
®» '3 9 .‘ “
$ ' - O‘
: . ‘ \' > "
gy Lo
e f

Count

N

———y 0

.. 10 15 pLl} 15 3; 3s + " 18 n 26 30 M 38 a2
Dismeter ‘x:m “ * Diameter (nm) Diameter (nm)
Ave: 20 £ 2 nm. Uniform; Ave: 19 & 5 nm. Irregular Ave: 26 = 6 nm. Irregular

DLS size, 26 &= 3 nm

» Different sizes and shapes are obtained, depending on the type of
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salt precursor, related to the crystal nucleation and growth rate.

6] ]JPharmaceutics. 2023, 15, 1787.
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fhfluence of Surfactant Concentration
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» PVA concentration has a slight intluence on NP tormation.
» The optimal AgNPs are stabilized by the PVA with concentration of 100 mM.

‘6' ‘Pharmaceutics. 2023, 15, 1787.
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AgN Ps’ Stability Study
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Antibacterial Study for AgNPs
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Conclusions

» AgNPs were obtained using three different precursors (Ag,SO,, AgNO,, and
AgClO,)

» AgNPs (Ag,S0O,, 2 mM) exhibit the best optical property, together with a uniform
size distribution of (20 £ 2 nm).

» Conversely, AgNPs obtained with the other precursors have diverse
morphologies.

» The optimized AgNPs are stable upon storage in water and PBS for short-term
(6h) and long-term (2 months).

» They have good antibacterial properties (S. aureus) : MIC of 0.6 pg-mL™! and
MBC of 5.6 pug-mL™.
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