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A B S T R A C T

The dramatic increase of antibiotic-resistant bacteria is considered one of the greatest threats to human health at
global scale. The antibacterial activity of noble metal nanoparticles, could be the solution against bacterial
infectious diseases which currently do not respond to conventional treatments.

In this work, copper nanoparticles were produced by laser ablation using two different lasers. A nanosecond
laser operating at 532 nm and a picosecond laser at 1064 nm were used to ablate a copper target submerged in
water and methyl alcohol. The obtained colloidal solutions consisted of copper oxide nanoparticles in suspension
with diameters ranging from few nanometers to 45 nm. The nanoparticles formation process is highly influenced
by laser parameters, but the solvent plays a crucial role on their characteristics. Cu oxide nanoparticles obtained
in water present chain-like nanostructure, while those obtained in methyl alcohol are spherical with lower
presence of oxide. All the obtained nanoparticles are crystalline and noticeably stable.

Microbiology tests confirm their strong activity against Aggregatibacter actinomycetemcomitans.
Cytocompatibility with human periodontal ligament stem cells is also confirmed. The biological assays evidence
that ions release is not the main parameter responsible for the bactericidal activity of copper nanoparticles.
Other factors such as oxidation state, size and crystallographic structure, have a greater influence on the process.

1. Introduction

Nowadays, more and more infections caused by resistant micro-
organism, fail to conventional treatments. According to the Centre for
Disease Control and Prevention (CDC), antibiotic resistant bacteria
cause at least 2 million infections per year with 23,000 deaths in the
U.S. and 25,000 deaths in Europe [1]. The excess and improper use of
antibiotics, has made the treatment of infections more difficult and
expensive; some voices in the health system claim we are facing a new
global health crisis [2,3]. In this sense, Gram-negative bacteria are a
huge threat, because of the rapid evolution of their resistance me-
chanisms what results in insusceptibility to nearly all available anti-
biotics [4].

In dentistry, some of the more extended diseases caused by bacterial
infections are periodontitis and periimplantitis. In both cases, the in-
flammation and destruction of soft and hard tissues surrounding teeth

or dental implants, ultimately leads to loss of teeth or dental implant
failure as the most common consequences [5]. Although many risk
factors are related to the origin of periimplantitis [6], pathogenic mi-
croflora are the main cause of this periodontal disease [5]. Ag-
gregatibacter actinomycetemcomitans is a Gram-negative bacteria and
commonly part of the normal flora of human mouths, especially in
gingival and supragingival crevices [7].

In light of this situation, it is necessary to explore new alternatives
in the treatment of diseases caused by infections such as periimplantitis.
Nobel metal nanoparticles have become an attractive alternative source
to fight against such resistant microorganisms. The antibacterial ac-
tivity of noble metal nanoparticles have been extensively studied be-
cause of their high surface to volume ratio, that increases reactivity
allowing to kill the pathogens efficiently [8]. Particularly, copper na-
noparticles are of special interest because they are potentially effective
against different bacterial pathogens [8,9], and are very attractive in
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