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Abstract

Recently the use of silver nanoparticles (AgNPs) in wound dressings has attracted considerable
attention due to their potent antibacterial properties. The aim of this research was to investigate
the release of AgNPs from hydrogel dressings by inductively coupled plasma-mass spectrometry
(ICP-MS) analysis and their antibacterial properties by disc diffusion assay. Freeze-thawing and electron
beam (EB) irradiation techniques were used to crosslink hydrogel patches composed of silver nitrate
at varied concentrations. During EB irradiation silver nitrate was reduced to AgNPs within the hydrogel
matrices. Although UV-Vis spectroscopy showed the characteristics absorbance peaked at 410 nm
from all AgNPs-embedded hydrogels, the disc diffusion assay showed the formation of a clear zone
without bacteria only for hydrogels with AgNPs at the two highest concentrations, 0.5 and 1.0 mg/
cm2, against both Staphylococcus aureus and Escherichia coli. The corresponding amounts of released
AgNPs were ~ 65 and 225 ppm, respectively, as analyzed by ICP-MS. Taken together, the AgNPs-
loaded hydrogels developed by freeze-thawing and EB irradiation techniques in this study have

potential as antibacterial wound dressings.

Keywords: Hydrogel dressings; Silver nanoparticles; Freeze-thaw; Electron beam irradiation; Antibacterial
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Table 1 The concentration of silver nitrate in the hydrogel sheets.

Hydrogel codes

Concentration of silver

nitrate (mg/mL)
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0.25
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Figure 1 Characteristics of AgNPs-loaded PVA
hydrogels at various AgNP concentrations
prepared by freeze-thawing and EB irradiation.
A, B, C, D, E and F refer to the hydrogels with
completely synthesized AeNPs at 0.03125,
0.0625, 0.125, 0.25, 0.5 and 1.0 mg/cm2,

respectively.
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Figure 2 UV-Vis absorption spectra of AgNPs from AgNPs-loaded hydrogels at 24 h. A, B, C, D, E and F
refer to the hydrogels containing AgNPs at 0.03125, 0.0625, 0.125, 0.25, 0.5 and 1.0 mg/cm2,

respectively.
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Figure 3 Disc diffusion assay to evaluate the antibacterial activity of AgNPs-loaded hydrogels against
(a) E. coli and (b) S. aureus. Control refers to the hydrogel without AgNPs. A, B, C, D, E and F refer to
the hydrogels with AgNPs at 0.03125, 0.0625, 0.125, 0.25, 0.5 and 1.0 mg/cm2, respectively.

Tnsusulelnsnarisaosfidunamesdaned  Snardwnssudadonuaiidevie inhibition ratio
wilufieududu 0.5 was 1.0 fadndusionians  TInwwAves clear zone Mfsdunyiuslelnsiaa
wuRins Saduamudidursgeelunsidelly sesdanefuilufimnudiutugeanisassdendnnd
vaurfusiulelaswanaudanefunlufimududusin - A7 inhibition ratio d1w3U S. aureus ogfl 1.3 way
11 0.5 fadnFusemawudies liusing clear 2.0 wagilen inhibition ratio d1m3u E. coli gl 1.5
zone seutudetuniioutamuay Wedwin  way 2.1 mudiu Kuandlu Table 2

Table 2 The inhibition ratios of AgNPs-loaded hydrogels against E. coli and S. aureus. Data are

presented as mean + SD (n=3).

AgNPs Inhibition ratio
(mg/cm2) E. coli S. aureus
A - -

B - -

C - -

D - -

E 1.5+ 0.06 1.3 +0.07

F 2.1 +0.08 2.0 £0.03
62
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Figure 4 Release of AgNPs from AgNPs-loaded
hydrogels measured by ICP-MS for 72 h. A, B, C,
D, E and F refer to the hydrogels containing
AgNPs at 0.03125, 0.0625, 0.125, 0.25, 0.5 and

1.0 mg/cm2, respectively.
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