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Abstract: The present work describes, for the first time in the literature, the phytosynthesis of
silver nanoparticles using Leonurus cardiaca L. extracts. The influence of the extraction method
(classical temperature extraction and microwave extraction), as well as of the extract concentration
on the characteristics of the nanoparticles, was studied using analytical methods, such as UV-Vis
spectrometry, X-ray diffraction, dynamic light scattering, and transmission electron microscopy.
Experimental data suggest that use of lower extract concentration leads to smaller dimensions
nanoparticles, the same effect using the extract obtained by microwave-assisted extraction. The
smallest recorded crystallite sizes (by X-ray diffraction) were under 3 nm. The antioxidant properties
(determined by the DPPH assay) and the antimicrobial potential (determined against Gram-negative
and Gram-positive strains) are enhanced by the phytosynthesis process (as demonstrated by the
comparison of the nanoparticles” properties with the parent extracts). The present work could also
represent an important step in obtaining nanoparticles with enhanced properties and controlled
morphologies, but also offers information on the phytosynthesis of metallic nanoparticles using low
extract concentrations.
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1. Introduction

The amazing world of plants offers new possibilities to obtain specific materials with
a vast range of potential applications. Nowadays, plant-derived materials are used in
various areas, from novel therapeutic instruments for disease treatment to environmental
applications or development of sensory materials [1-3]. Due to their rich chemical com-
position, plants are considered to be potential candidates for the development of a new
generation of nanomaterials, using “eco-friendly” methods, with a much lower environ-
mental impact, involving the use of non-hazardous reagents and chemicals, as well as
having lower production cost and energy consumption [4,5]. Even if we are speaking of
medicinal and aromatic plants, non-edible plants or agro-wastes, there is great interest in
the phytosynthesis of metal nanoparticles using such plants extracts; the main challenge
in the phytosynthesis process is represented by the development of nanoparticles (NPs)
with controlled compositions, sizes, shapes, and polydispersity, using different types of
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Unlike the previously presented results [39], no significant differences can be found
between the NPs solution in terms of antimicrobial potential, the samples demonstrating
good antimicrobial potential at all tested concentrations.

4. Conclusions

The present work reports, for the first time in the literature, the phytosynthesis of silver
nanoparticles using Leonurus cardiaca L. aerial parts extracts. The work also presents the in-
fluence of the extraction methods (classical temperature extraction and microwave-assisted
extraction) and of the extract concentration on the morphological and biological properties
of the NPs (established by determining the antioxidant potential and the antimicrobial
properties against Enterococcus faecalis and Escherichia coli).

The results obtained support the phytosynthesis of silver nanoparticles using L. cardiaca
extracts, the lowest nanoparticles dimensions being obtained using the extract developed
using a microwave-assisted method at a concentration of 1 mg/mL (dimensions being
confirmed by UV-Vis determinations, determination of crystallite size by XRD and by
DLS measurements).

The AgNPs solutions possesses an enhanced antioxidant potential compared with
the parent extracts, determined by the DPPH assay; all tested experimental variants had
significant antimicrobial properties (against both Gram-negative and Gram-positive lines).
At the same time, the differences between the dimensions of the nanoparticles did not
strongly influence the final antimicrobial properties (as the differences recorded are not
statistically significant). The antioxidant potential of the NPs was statistically influenced by
the extract concentration used, being also influenced, in a smaller extent, by the NPs sizes.

The study demonstrates that the motherwort extracts are able to phytosynthesize
silver nanoparticles with significant biological activities, thus allowing the proposal of
nanotechnological approaches for future biomedical applications.
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