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A simplemethod for preparing a new type of stable antibacterial agentwas presented.Monodisperse poly(styrene-
co-acrylic acid) (PSA) nanospheres, serving as matrices, were synthesized via soap-free emulsion polymerization.
Field-emission scanning electronmicroscopymicrographs indicated that PSA nanospheres have interesting surface
microstructures and well-controlled particle size distributions. Silver-loaded poly(styrene-co-acrylic acid) (PSA/
Ag-NPs) nanocomposites were prepared in situ through interfacial reduction of silver nitrate with sodium borohy-
dride, and further characterized by transmission electronmicroscopy andX-ray diffraction. Their effects on antibac-
terial activity including inhibition zone, minimum inhibitory concentration (MIC), minimum bactericidal
concentration (MBC), and bactericidal kinetics were evaluated. In the tests, PSA/Ag-NPs nanocomposites showed
excellent antibacterial activity against both gram-positive Staphylococcus aureus and gram-negative Escherichia
coli. These nanocomposites are considered to have potential application in antibacterial coatings on biomedical de-
vices to reduce nosocomial infection rates.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Uses of biomedical devices are always associatedwith a risk of infec-
tion. Surface bacterial infestation to biomedical devices, such as cathe-
ters, dental materials, wound and burn dressings, and implants, could
be resistant to immune defense mechanisms, and then result in serious
infection [1]. The presence of antibacterial agents is an effective strategy
to keep biomedical devices away from the infestation of detrimental
bacteria. Antibacterial agents need to combine desirable attributes, for
instance, excellent antibacterial activity, environmental safety, low tox-
icity, and ease of fabrication [2].

German obstetrician C. S. F. Crede introduced 1% silver nitrate solu-
tion as an eye solution for the prevention of Gonococcal ophthalmia
neonatorum in 1884, which is perhaps the first scientifically document-
edmedical use of silver [3,4]. From then on, silver is well known to have
strong antibacterial effects, broad-spectrum biocidal activity, and low
toxicity to mammalian cell. The mechanism of silver's antibacterial
property may involve free silver ions (Ag+) uptake [5–7]. Firstly, due
to the high affinity with thiol groups presented in the cysteine residues,
Ag+ ions can interactwith respiratory enzymes. Thiswill lead to disrup-
tion of the mitochondrial respiratory chain [8]. Furthermore, the

mitochondrial dysfunction interrupts ATP synthesis, and induces DNA
damage. Finally, apoptosis may occur and program cell death [9]. In
medical applications, silver in the form of nanoparticles is a promising
alternative to silver salts and bulk metal, because salts may possess
quick and uncontrolled silver release while the bulk metal is a sluggish
and inefficient releasing system [10].

In order to prepare highly stable silver nanoparticle dispersions for
practical purposes, inorganic matrices including silica glass [11], zeolite,
apatite [12–14], zirconium phosphate [15,16], etc. are usually used to
overcome unwanted agglomeration of the colloids. The sol–gel derived
silica glass powders containing colloidal silver were reported to be used
as antibacterial agents of composite resin for dental restoration [17].
Commercial silver-zeolites could serve as antibacterial agents against
oral bacteria even under anaerobic conditions [18]. Recently, many re-
searches focused on the preparation of polymeric matrices with silver
nanoparticles as well as the studies of their antibacterial activity
[19–24]. Varun Sambhy et al. presented amethod of fabricating dual ac-
tion antibacterial composites consisted of a cationic polymermatrix and
embedded silver bromide nanoparticles [2]. Colloidal silver could also
be deposited onto surface-functional porous poly(ethylene glycol
dimethacrylate-co-acrylonitrile) microspheres, owing to the high affin-
ity between silver and nitrile group on the surface of the microspheres
[25].

In this paper, monodisperse nanospheres were served as polymeric
matrices to prepare antibacterial agents for the first time. We synthe-
sized poly(styrene-co-acrylic acid) (PSA) nanospheres via soap-free

Materials Science and Engineering C 36 (2014) 146–151

⁎ Corresponding authors. Tel.: +86 592 2186178; fax: +86 592 2183937.
E-mail addresses: tinachen0628@163.com (X. Chen), lzdai@xmu.edu.cn (L. Dai).

0928-4931/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.msec.2013.11.042

Contents lists available at ScienceDirect

Materials Science and Engineering C

j ourna l homepage: www.e lsev ie r .com/ locate /msec

http://crossmark.crossref.org/dialog/?doi=10.1016/j.msec.2013.11.042&domain=pdf
http://dx.doi.org/10.1016/j.msec.2013.11.042
mailto:tinachen0628@163.com
mailto:lzdai@xmu.edu.cn
http://dx.doi.org/10.1016/j.msec.2013.11.042
http://www.sciencedirect.com/science/journal/09284931


emulsion polymerization. Using silver nitrate (AgNO3) as a precursor
and sodium borohydride (NaBH4) as an oxidizing agent, silver nanopar-
ticles were deposited onto the surfaces of PSA nanospheres. The obtain-
ed polymer/silver nanocomposites (PSA/Ag-NPs) are expected to have
potential applications as antibacterial agents in biomedical devices.
Preparation, characterization, and antibacterial activity of PSA/Ag-NPs

nanocomposites were studied and discussed in detail. The parameters
of additives (antibacterial agents, antioxidant, wetting agents, etc.),
such as size and content, play important roles in the final performance
of materials [26–28]. Therefore, controlling the size of antibacterial
agents, just as what we have done in this paper (through the control
over the size of matrix), becomes meaningful.

Fig. 1. FE-SEMmicrographs and hydrodynamic size distributions of PSA nanospheres: AA/St: (a, b) 5 wt.%; (c, d) 10 wt.%; (e, f) 15 wt.%; (g, h) 25 wt.%.
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