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A B S T R A C T

Purpose: The effects of silver nanoparticles (AgNPs) incorporated in silicone-hydrogel films on their physico-
chemical properties and microbial activity were investigated.
Methods: Silicone-hydrogel composite films (SiHCFs) were prepared by in-situ chemical reduction of silver ions
added in different concentrations (0, 10, 20, 30, 40, 60, and 80 ppm) followed by ultraviolet (UV) casting. The
reduction of silver ions into AgNPs was confirmed by transmission electron microscopy (TEM) and absorption
spectroscopy over ultraviolet and visible (UV–vis) wavelengths. Incorporation of AgNPs into SiHCFs was con-
firmed by UV–vis absorption spectroscopy, scanning electron microscopy (SEM), and energy-dispersive X-ray
(EDX) spectroscopic mapping. The physico- mechanical properties of the SiHCFs were evaluated. Antimicrobial
activity and biofilm formation of Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus were as-
sessed.
Results: TEM, UV–vis absorption, SEM, and EDX mapping showed that silver ions were reduced in the mixture of
co-polymerizing monomers and incorporation of AgNPs into SiHCFs was achieved. Mechanical properties of the
SiHCFs were enhanced with increasing AgNPs concentration without affecting their chemical and thermal
properties. SiHCFs exhibited transmittance greater than 90% at a wavelength 600 nm. Bacterial growths in the
solutions bathing the SiHCFs with increasing silver concentration were 95, 78, 4, 2, 0, 0, 0% respectively, for
Escherichia coli; 95, 82, 4, 0.6, 0, 0, 0% for Pseudomonas aeruginosa; and 93, 79, 4, 0.5, 0, 0, 0% for Staphylococcus
aureus.
Conclusions: Incorporation of AgNPs into SiHCFs demonstrated sufficient release of AgNPs to inhibit bacterial
growth and reduce biofilm formation, with collateral enhancement of some mechanical properties of SiHCFs.

1. Introduction

Silicone-hydrogel contact lens wear is associated with microbialk-
eratitis accompanied by acute red eye and induced peripheral ulcers
[1]. Microbial keratitis can promote from infections caused by bacteria
(Staphylococcus aureus, Pseudomonas Aeruginosa, etc.) and fungi (Can-
dida, Aspergillums, Fusarium, etc.) [2–5]. A contact lens can possess
antimicrobial properties by incorporation of antimicrobial agents in-
fused into the bulk o r on the surface of the lens to decrease the risk of
microbial keratitis [6–8]. Many attempts have been developed to in-
troduce new antimicrobials overcoming antibiotic resistance. One of
the novel methods to do so is dispersing antimicrobial nanomaterials
into hydrogels homogeneously. Such nanoparticle containing hydrogels
are called nanocomposites. Several works have focused on gold and
silver as remarkable choice for antimicrobial agents development

[9–11]. Silver nanoparticles (AgNPs) are considered antimicrobial
agents and have been incorporated in polymers to achieve antibacterial
effects [12,13]. AgNPs have a broad-spectrum antimicrobial effect. The
action of AgNPs is uncertain but, there is some proposed mechanisms
such as disruption of the cell membrane, inactivation and modification
of enzyme structure, interference with cell respiration or with DNA and
RNA preventing cells multiplication [14]. The antibacterial action of
AgNPs impregnated soft contact lenses has been studied in in vitro. It
was found that the increase of AgNPs loading enhanced the anti-
bacterial activity of the hydrogel [6,15,16]. On the other hand, it is
important to enhance hydrogels with proper mechanical toughness,
elasticity and transparency. Kazutoshi et al. [17], demonstrated that the
mechanical properties greatly increased by adding inorganic nano-clays
and showed that the clay sheet acts as a cross-linking agent for the
polymer. Zhao et al. [18], also found that the young’s modulus of poly
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(vinyl alcohol) hydrogel increased to nearly 10 times with graphene
loading of 1.8 vol%. Huang et al. [19], designed a hybrid hydrogel
contact lens composed of quaternized chitosan (HTCC), AgNPs, and
graphene oxid (GO) and indicated that the hydrogel is cross-linked
through electrostatic interactions between GO and HTCC enhancing
mechanical properties and also exhibiting good antimicrobial functions.
The spectral transmittance properties of contact lenses Transparency is
an essential property of any contact lens-based application. ElShaer
et al. [20], synthesized prednisolone-loaded poly (lactic-co-glycolic
acid) nanoparticles and found that the transmission was decreased by
8% with the increase in drug nanoparticles concentration compared to
unloaded contact lenses.

This study aimed to preparation of silicone-hydrogel films in-
corporated AgNPs and evaluation of their physicomechanical proper-
ties, toxicity and in- vitro antimicrobial efficacy.

2. Materials and methods

2.1. Materials

Bis-alpha,omega-(methacryloxypropyl)polydimethylsiloxane (MA-
PDMS-MA) macromonomer, and 3-Methacryloxypropyl tris (trimethyl
soloxy silane) (TRIS) (98%) were purchased from Gelest. N,N-dimethyl
acrylamide (DMA), ethylene glycol dimethacrylate (EGDMA) and N-
vinyl pyrrolidone (NVP) were purchased from Merck Co. Photoinitiator
Darocur 1173 was purchased from Sigma Co. Silver nitrate was sup-
plied by Sisco Reasearch Laboratories PVT.LTD(Mumbai, India).

2.2. Methods

The SiHCFs were prepared by modifying the synthesis procedure
developed by Kim et al [21]. A 3ml of mixture of TRIS, MA-PDMS-MA
and DMA with the ratio 4:1:2 were combined with 0.18ml of NVP, and
15 μl of EGDMA. Then the mixture was purged with dry nitrogen for
15min. Silver nitrate dissolved in ethanol (0, 10, 20, 30, 40, 60,
80 ppm) was added to the mixture, transparent brown colour appeared.
Finally, 0.3ml ethanol and 8mg of photoinitiator Darocur 1173 were
added and stirred for 5min. Then, the mixture was injected into a mold
which composed of two 5mm thick glass plates separated by a silicone
composite spacer and subjected to UV lamp of 365 nm for 50min
forming SiHCFs (control, A, B, C, D, E, F) respectively. The hydrogel
film was soaked in 70% ethanol overnight to remove the excess of silver
nitrate and unreacted monomers then dried in air.

2.3. Characterization

2.3.1. Elucidation of AgNPs formation
2.3.1.1. Transmission electron microscopy. Transmission electron
microscopy (TEM) is a microscopy technique. A beam of electrons is
transmitted through an ultra-thin specimen, and then interacts with the
specimen as it passes through. An image is formed from the interaction
of the electrons transmitted through the specimen; and the image is
magnified and focused onto an imaging device or detected by a camera.
The TEM samples, which used to characterize the nanoparticles by
placing a drop of co-polymerizing monomer mixture solution resulting
after the addition of 40 ppm AgNO3 solution directly on a carbon coated
copper grid (200 meshes). The sample was air dried before TEM
examination.

2.3.1.2. UV–Vis spectrophotometry. Preliminary characterization of the
formed AgNPs in the hydrogels was carried out using UV–Vis
spectroscopy. Usually, AgNPs exhibit unique and tunable optical
properties due to their surface plasmon resonance (SPR) that are
dependent on shape, size and size distribution of the nanoparticles
[22]. UV–vis absorption spectra of co-polymerizing monomers mixture
solution formed after addition of (0, 40, 80 ppm) AgNO3 and spectra of

SiHCFs (Control, C, D, E, F) were recorded on JASCO V-630
spectrophotometer at the wavelength ranged between 1100–190 nm.

2.3.1.3. Scanning electron microscopy- energy dispersive X-ray
spectrometry (SEM-EDX). Back scattered electron images in the SEM
display compositional contrast that results from different atomic
number elements and their distribution. Energy Dispersive X-ray
Spectroscopy (EDX) allows one to identify what those particular
elements are and their relative proportions.

The prepared silicone-hydrogel composite (SiHC) samples were
analyzed on double-sided tape on aluminum stubs. Micrographs of the
surface and the transversal cut were taken using a Quanta FEG250-
apparatus coupled with Energy Dispersive X-ray Spectroscopic (Taem
EDAX) to elucidate the disruption mode of AgNPs.

2.3.2. Fourier transform infrared spectroscopy
Fourier Transform Infrared spectroscopy (FTIR) is a technique,

which is used to obtain an infrared spectrum of absorption, emission,
photoconductivity or Raman scattering of a solid, liquid or gas. FTIR is
based on the theory that each chemical group has characterized ab-
sorption infrared spectrum. FTIR was utilized to study the chemical
structure of hydrogel and polymers, interaction of nanoparticles and
hydrogel materials. The samples were scanned by FTIR in the range of
600–4000 cm−1.

2.3.3. Thermogravimetric analysis (TGA)
TGA was carried out on a SDTQ 600 thermogravimetric analyzer

with heating rate of 10 ºC min−1.

2.3.4. Transparency measurement (Light transmittance)
The optical transparency were conducted by measuring the percent

transmittance of visible light (wavelength range from 450 to 750 nm)
through swollen films of the prepared SiHC in distilled water using a
UV/Vis spectrophotometer (Agilent Technologies, Cary series UV–vis
spectrophotometer). The samples were placed between two glass slides
(about 0.5mm thick) and transparency measured at 25 °C.

2.3.5. Mechanical property measurements
A hydrated sample of the prepared SiHCFs (2×0.4 cm) was

mounted in a Zwick Roell test system. The samples were stretched
uniaxial with a load range of 100 N applied on the tensile test and a
crosshead speed of 5mm/min at room temperature. The Young’s
modulus (E), was measured.

2.4. Antibacterial measurements

2.4.1. Bacterial strains and culture conditions
Gram-negative [Escherichia coli (E. coli, ATCC- 25922), Pseudomonas

aeruginosa (P. aeruginosa, strain OS4)] and Gram-positive [Staphylococcus
aureus (S. aureus, ATCC-47077)] were used in this study and inoculated
from - 20 °C storage into 10mL of nutrient broth (NB, Difco laboratories,
Sparks, MI, USA) and incubated overnight at 37 °C and 30 °C, respec-
tively. The 0.1mL of bacterial cells were centrifuged at 8000 rpm for
3min, washed once in phosphate buffer saline (PBS; composed of NaCl
8 g l−1, KCl 0.2 g l−1, Na2HPO4 1.44 g l−1, KH2PO4 0.24 g l−1; pH 7.2)
and re-suspended in 1/1000 NB/PBS. The bacterial cell suspensions were
then serially diluted (1/10) and used for adhesion assay.

2.4.2. Bacterial inhibition assay
The prepared SiHCFs were cut into discs and then washed twice

with sterile distilled water prior to the assay. The discs were then
transferred into 1ml of bacterial suspension (prepared above) in culture
tubes (2mL) and incubated for 24 h. The diluted culture solution from
each test was plated on a nutrient agar (NA) plate for the bacterial
counts. Colony forming units (CFU) on the plate were counted, after
incubation overnight.
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2.4.3. Bacterial adhesion assay
After the study of bacterial inhibition assay on the prepared SiHC

discs, they were washed three times in 1ml PBS (each time shaking for
30 s) to remove loosely bound bacteria, then transferred into a culture
tubes containing 2ml of PBS. The test tubes were then vortexes for
1min at a maximum speed to allow bacterial cells to detach. The so-
lution from each test was plated on NA plate for the bacterial counts
and colony forming units (CFU) on the plate were counted, after in-
cubation overnight.

2.5. Cytotoxicity assay of silicone-hydrogel composites

Cytotoxic activity test (In- vitro bioassay) on normal human epi-
thelial amnion cells WISH and fibroplast origin cells BJ1 were con-
ducted and determined by the Bioassay-Cell Culture Laboratory,
National Research Centre. Potential cytotoxicity evaluation of bioma-
terials was examined using the colorimetric method of Mosmann [23].
Cell viability was assessed by the mitochondrial dependent reduction of
yellow MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) to purple formazan. This is due in part to dehydrogenase
enzymes generating intracellular purple formazan that can be solubi-
lized and quantified by spectrophotometric means. Cells were sus-
pended in RPMI 1640 medium. The media were supplemented with 1%
antibiotic-antimycotic mixture (10,000 Uml−1 Potassium Penicillin,
10,000 μgml−1 Streptomycin Sulfate and 25 μgml−1 Amphotericin B),
1% L-glutamine and 10% fetal bovine serum and kept at 37 °C under 5%
CO2.

Cells were batch cultured for 10 days, then seeded at concentration
of 10× 103 cells/well, determined by cell counting using a haemo-
cytometer, in fresh complete growth medium in 96-well microtiter
plastic plates at 37 °C for 24 h under 5% CO2 using a water jacketed
Carbon dioxide incubator (Sheldon, TC2323, Cornelius, OR, USA).
Samples were chopped into small pieces, 0.5 g sample per well was
added and left to incubate for 24 h under sterile conditions. After 24 h,
the samples were removed and the media aspirated. 40 μl of 0.5% MTT
solution, sterile filtered through 0.2 μm filter, was added to each well.
Wells were made up to 500 μL with cell media and left to incubate for
4 h. The media was aspirated and rinsed twice with sterile PBS. Cells
were lyzed and the formazan dissolved with 200 μl of DMSO. 150 μl
from each well was pipetted into 96 cell plates. To stop the reaction,
200 μl of 10% Sodium dodecyl sulphate (SDS) in deionized water was
added to each well and incubated overnight at 37 °C [24].

The absorbance was then measured using a microplate multi-well
reader (Bio-Rad Laboratories Inc., model 3350, Hercules, California,
USA) at 595 nm and a reference wavelength of 620 nmA statistical
significance was tested between samples and negative control (cells
with vehicle) using independent t-test by SPSS 11 program. Dimethyl
sulphoxide (DMSO) is the vehicle and its final concentration on the cells
was less than 0.2%.The percentage of change in viability was calculated
according to the following formula:

= ×Relative cell viability% Reading of extract
Reading of negative control

-1 100

3. Results and discussion

AgNPs was incorporated into silicone-hydrogel according to the
mechanism shown in Fig. 1. Ag ions was reduced by the reducing
groups available in the co-polymerizing monomers mixture solution
and the methacryloxypropylpolydimethylsiloxane fragments containing
carboxylic groups stabilized nanoparticles against agglomerating with
each other.

3.1. Characterization

3.1.1. Elucidation of AgNPs formation
3.1.1.1. TEM observation of AgNPs. TEM micrograph of the in situ
formation of AgNPs by reduction of AgNO3 added at concentration
40 ppm to co-polymerizing monomers mixture was shown Fig. 2. It was
clear that AgNPs were in an almost spherical form and appeared to have
a core shell like structure.

3.1.1.2. UV–vis absorption spectra of AgNPs. UV–vis absorbance
measurements were used to confirm the in situ formation of AgNPs in
the co-polymerizing monomers mixture solution and in the casted
SiHCs and illustrate the size and the concentration of AgNPs as well.
The optical spectra of the AgNPs embedded in co-polymerizing
monomers mixture solution and SiHCFs were shown in Fig. 3(A,B). It
was found that UV–Vis spectra showed characteristic peak at about
400 nm for co-polymerizing monomers mixture solution and casted
SiHCFs. Theses peaks have been satisfactorily identified for AgNPs. The

Fig. 1. General scheme for the synthesis of SiHCFs.

Fig. 2. TEM image of silicone copolymerizing monomers mixture after addition
of 40 ppm AgNO3 solution.
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bandwidth, the intensity and the position of peaks also increased when
the AgNPs fraction increased.

3.1.1.3. Scanning electron microscope (SEM) and energy-dispersive X-ray
spectroscopy (EDX) of SiHCFs. The presence of silver element in SiHCFs
can be evidenced by the SEM and EDX mapping. Fig. 4 showed the SEM
of SiHCF (D), while Fig. 5 demonstrated EDX mapping of the elements
from SiHCFs (D, F). The dots of (a,b), (c), (d),(e) and (f) shown in Fig. 5
were the elements of AgNPs, C, N, O and Si from the investigated
SiHCFs (D) and (F) respectively.

It was clear that SEM and EDX mapping confirmed the successful

synthesis of AgNPs into the SiHCFs and AgNPs were well homogenously
dispersed into the polymer matrices of SiHCFs and became to aggregate
slightly with increasing their concentration.

3.1.2. FTIR analysis
Fig. 6(a) demonstrated the FTIR spectra of SiHCFs (control,C,D,E,F).

The all bands at 1740 cm−1, 1665 cm−1, 1277 cm−1 and 1146 cm−1

stand for the vibration of C]O group. The band around 2957 cm−1

belongs to the stretching vibration of CeH from the prepared silicone-
hydrogel composites. CeN has the absorption band at 1453 cm−1. Also,
it was clear that there was no difference between silicone-hydrogel
(control) and silicone-hydrogels incorporated AgNPs.

3.1.3. The thermal properties of composites
The thermogravimetric analysis (TGA) of the SiHCFs (control, F)

were shown in Fig. 6(b). It was found that, at higher loadings of AgNPs,
the SiHC (F) exhibited the same trend towards thermal stability. This
revealed that the highest concentration of AgNPs did not cause any
change on the structure of the silicone-hydrogel matrix.

3.1.4. Ophthalmic characterization
The optical transmittance of the prepared SiHCFs were represented

in Fig. 6(c). It was clear that all SiHCFs at wavelength range
750–550 nm exhibited transmittance greater than 90%. The transmit-
tance at 500 nm was greater than 84% for all SiHCFs. Although the
transmission of SiHCFs (A,B,C,D) at 450 nm observed above 85%, the
transmissions of SiHCFs (E, F) declined sharply to 72.23 and 64.6 nm
respectively owing to the increase of AgNPs loading in lattice structure.

3.1.5. Mechanical properties
Fig. 6(d) illustrated the Young’s modulus of the prepared SiHCFs

Fig. 3. UV–vis spectra of (A) co-polymerizing monomers mixture solution after addition of a) 0, b) 40, c) 80 ppm AgNO3, (B) the prepared SiHCFs (control, C, D, E, F).

Fig. 4. Surface section of SEM images of the prepared SiHCF (D) at 24,000 x
magnifications.
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(control, C, D, E and F). It was found that the AgNPs loading increased
Young’s modulus from 1.06 to 1.38MPa.

3.2. Antibacterial study on the prepared SiHCs

3.2.1. Inhibition of bacterial growth assay
The reduction of bacteria growth for E.coli, P.aeruginosa and

S.aureus in solution containing the SiHC discs were illustrated in
Fig. 7(a). It was noticeable that SiHC disc, (control), revealed no anti-
bacterial activities against E.coli, P.aeruginosa or S.aureus strains after
24 h. However, the antimicrobial activity of SiHCs were significantly
enhanced by incorporation of AgNPs. The relative number of bacterial
growth in PBS surrounding SiHC discs (control,A,B,C,D,E,F) was to be
95, 78, 4, 2, 0, 0, 0% for E.coli, 95, 82, 4, 0.6, 0, 0, 0% for P. aeruginosa,
and 93, 79, 4, 0.5, 0, 0, 0% for S. aureus respectively. This indicated that
the AgNPs were released into the solution surrounding the SiHC discs
during incubation to be active against the bacteria causing sharp de-
clines of bacteria growth. Additionally, SiHC discs (B,C,D,E,F) showed
almost total kill of bacterial cells of the all strains in the PBS.

Comparing the inhibition behaviors of bacteria growth for the three
strains (E.coli, P.aeruginosa and S.aureus), it was found that there were
no significant differences in the inhibition extents of all strain.

3.2.2. Bacterial adhesion assay
The number of adhered cells of E.coli, P.aeruginosa and S.aureus on

the SiHC discs were presented in Fig. 7(b). According to our results,
there was a dose dependent response to the amount of AgNPs in-
corporated into the SiHC discs. SiHC discs (A,B,C) loaded with AgNPs to
an extent sufficiently to kill about from 20% to 55% of microbes only,
whereas SiHC discs (D,E,F) holding higher concentrations of AgNPs had
ability to give remarkable antibacterial properties against E.coli,
P.aeruginosa and S.aureus. Additionally, our data revealed that AgNPs
could highly inhibit the formation of such bacterial biofilms on the
SiHC surface. Moreover, it was obvious that P.aeruginosa strain showed
the highest reduction growth compared to E.coli and S.aureus.

The in- vitro antibacterial assays demonstrated limited and/or pre-
vented bacterial contamination of the prepared SiHCFs containing
AgNPs.

Fig. 5. EDX mapping micrograph of (a,b) AgNPs, (c) C, (d) N and (e) O and (f) Si of the prepared SiHCFs (D and E).

R. Mourad, et al. Contact Lens and Anterior Eye 42 (2019) 325–333

329



3.3. Cytotoxicity assay

The biocompatibility of the SiHCs is one of the most important
criteria to be applied as contact lens materials and/or other body im-
plants. Fig. 8(a,b) indicated that the viability of cells WISH and BJ1
treated with SiHC samples (control,D,E,F) were 96.3%,86.7%, 84%,
81% and 92%, 91%, 89%, 83.3% respectively. SiHC sample (control)
showed the highest cell viability which confirmed that silicone-hy-
drogel is a biocompatible material. A significant finding that all human
epithelial amnion and fibroblast cells seeded were alive after 24 h

incubation. Moreover, the relative cell viability was higher than 80%.
These results suggested that these SiHCs were likely not substantially
cytotoxic to tested cells and the release of AgNPs did not succeed to the
extent generating toxicity.

4. Discussion

It was clear from TEM image (Fig. 2), AgNPs were encapsulated in
co-polymerizing monomers mixture while polydimethylsiloxane mac-
romer stabilized or encapsulated them [25]. It has been stated that the

Fig. 6. (a) FTIR of the prepared SiHCFs (control, C, D, E, F), (b)Thermogravimetric analysis of the prepared SiHCFs (control, F), (c) Transparency of the prepared
SiHCFs (control,A,B, C, D, E and F), (d) The Young’s modulus of the prepared SiHCFs (control, C, D, E and F).
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natural and synthetic polymers can act as stabilizers for metal nano-
particles [26,27].

It was found that, from the UV–Vis spectra (Fig. 3), the character-
istic surface plasmon resonance (SPR) of the AgNPs assigned peak at
about 400 nm for co-polymerizing monomers mixture solution and also
for SiHCFs that has been properly identified for AgNPs with various
sizes ranging from 2 to 100 nm [28]. Moreover, the bandwidth, the
intensity and the position of peaks also increased when the AgNPs
fraction increased. The small particles were very unstable in the solu-
tion and they tended to aggregate onto the surface of other silver par-
ticles, which led to increase the size of some silver particles [29].
Therefore, the size of AgNPs became non-uniform after casting process
as shown from SEM and EDX mapping images (Figs. 4,5). Additionally,
the volume fraction, the shape and the size of AgNPs in the co-poly-
merizing monomers mixture and SiHCFs, as well as the interparticle
separation and the dielectric properties of the surrounding medium
influenced the bandwidth, the intensity and the position of the surface-
plasmon resonance wavelength of the nanocomposite material [30,31].
The increase in the fraction of silver led to the decrease in the inter-
particle spacing resulting in the red shift of the SPR’s peak position
[31–33].

The SiHCFs at wavelength range 750 - 550 nm shown in Fig. 6c
exhibited transmittance greater than 90% then followed by reduction to
be about 84% at 450 nm but, SiHCFs samples (E and F) manifested
sharp decline in transmission at 450 nm to 72.23 and 64.6 nm respec-
tively. It has been reported that the visible-light transmittance of over
90% at 600 nm satisfies the visual requirements for all contact lenses

[34]. The yellow and green light that have wavelength around 555 nm
are distinguishable for human eye [35]. Therefore, SiHCFs were sui-
table for ophthalmic biomaterial. The observed reduction in transmis-
sion was due to aggregation of the AgNPs, which scattered light, and
caused the loss of transparency [36] and appearance of the strong ab-
sorption peak of AgNPs in the range 400–500 nm [37] and its intensity
increased as its loading increased as shown from UV–vis absorption
section. Gulsen and Chauhan [36], measured the transparency of the
pure p-HEMA and microemulsion loaded p-HEMA hydrogels at 600 nm
and found transmittance for the pure p-HEMA hydrogel was about 87%
and the hydrogels formed by polymerization of microemulsion added to
p-HEMA were opaque and recorded transmittance of about 79%, 69%
and even to 19% and 4.4%. ElShaer et al. [20], indicated that the in-
corporation of 0.2 g and 0.4 g of Prednisolone NPs into poly (lactic-co-
glycolic acid) lowered the transmission at 600 nm to 86.23% and
83.1%, respectively. Therefore, this study indicated the incorporation
of AgNPs into SiHCFs would not affect the transparency at 600 nm.

Young’s modulus (E) is considered a critical and an important
property of contact lenses for vision and its safty [38]. The modulus
values were in the range of commercial silicone-hydrogels that around
0.5–1.5MPa [39]. As a consequence, the stiffer SiHCs did not drape
over the cornea and had excellent handling characteristics [21,40]. The
addition of AgNPs resulted in slight increase in the Young’s modulus but
their values ranging from 1.06 to 1.38MPa as indicated in Fig. 6d still
less than the value (1.44MPa) of marketed silicone-hydrogels (CIBA
Vision’s Focus Night & Daymaterial, lotrafilcon A) [40].

It has been reported that Staphylococcusepidermidis, Staphylococcus

Fig. 7. (a)Reduction in growth of microbial cells in the solution surrounding
the prepared SiHC discs (control, A, B, C, D, E and F), (b) Reduction in adhesion
of microbial cells on the prepared SiHC discs (control, A, B, C, D, E and F).

Fig. 8. (a) Cell viability of human epithelial amnion cells WISH, (b) Cell via-
bility of fibroplast origin cells BJ1 on the prepared SiHCs (control, A, B, C, D, E
and F).
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aureus, Enterobacter and Pseudomonas species were the most common
microorganisms detected on soft contact lenses [41]. Acanthamoeba
keratitis were also more observed in contact lenses wearers, probably as
a result of the contaminated tap water used for the lens care [42,43].
Kamel and Norazah [44], found Acanthamoeba keratitis as the first case
of in a female’s contact lens. Acanthamoeba keratitis might resulted
from bacteria found in eyelids, conjunctiva and tear film [43]. Emina
and Idu [42], found that E. coli was more in the extended silicone-hy-
drogel contact lens. This work might provide appropriate method in
order to reduce the degree of microbial contamination for extended
silicone contact lens wearers.

It was obvious that the amount of AgNPs into silicone-hydrogel was
important to give proper antimicrobial efficacy. Rad et al. [16], de-
monstrated that remarkable inhibitory effects of AgNPs impregnated
poly (HEMA) soft contact lens against P. aeruginosa and S. aureus after
soaking in 10 and 20 ppm AgNPs suspension, but 2 ppm AgNPs loading
was not enough for bacterial inhibitory effects. In previous study by
Bazzaz et al. [6], showed satisfactory inhibitory effects of AgNPs
against P. aeruginosa and S. aureus when incorporated in soft contact
lens proxies during polymerization process. Willcox et al. [45], reported
the ability of AgNPs to overcome the bacterial growth of S. aureus, P.
aeruginosa and Acanthamoeba castellanii and reduced the adhesion to
etafilcon A contact lens surface after soaking in 10 and 20 ppm AgNPs
suspension. Other study demonstrated that fimbrolides covalently
coated Lotrafilcon A contact lenses reduced the adhesion of P. aerugi-
nosa and S. aureus with about 67% and 92% respectively. Willcox et al.
[46], found that the cationic peptide Melimine covalently incorporated
into etafilcon A lenses decreased the adhesion of P. aeruginosa by 92%
and of S. aureus by 76%. According to our findings, the inhibitory ad-
hesion effect of AgNPs loaded silicone-hydrogel was significantly in-
creased with increasing the amount AgNPs to be between 20%–100%,
35%–100 % and 25%–100% for E.coli, P. aeruginosa and S. aureus re-
spectively (Fig. 7b).

The current study demonstrated that the prepared silicone-hy-
drogel/ AgNPs composites showed less antibacterial actions than that
produced in the previous work [15]. This can be attributed to the sliver
nanoparticles produced by incorporation in silicone-hydrogel matrices
maybe more tightly bonded and diffused into the matrices than that
impregnated on the surface of silicone-hydrogels resulting in less
amount of silver released into the culture media and consequently may
exhibit less toxic effects. This is in agreement with the observations
from the UV–vis spectra, SEM and EDX mapping images.

A key finding of this study was the preparation of silicone hydogel
containing AgNPs that did not show toxicity yet that did exhibit anti-
microbial activity without affecting its native features managing them
to be applicable as contact lenses. The characteristics of silicone-hy-
drogel lenses such as transparency, flexibility and swelling maybe af-
fected by addition of high concentration of AgNPs. As reported in other
studies, the exposure to higher amounts of silver may result in un-
desirable ocular significances such as argyrosis [47]. Ocular argyrosis
depends on the amount and duration of exposure to the silver [48–50].
Willcox et al. [45], soaked etafilcon A lenses in various AgNPs con-
centrations, found the excellent antimicrobial effects at 20 ppm and
stated that this amount could not cause argyrosis in continuous lens
wearers for many years.

Our data revealed that AgNPs did not impose toxicity and could
highly overcome bacterial biofilm formation that is consequently con-
sidered general problems of eye infections and inflammations for soft
contact lens wearers.

5. Conclusions

The SiHCFs were synthesized by the reduction of silver nitrate
added to copolymerizing monomers mixture followed by film casting.

UV-Vis absorption and TEM ascertained the presence of AgNPs in
copolymerizing monomers mixture. FTIR and TGA of SiHCFs showed

that the presence of AgNPs did not influence the network structure. The
shape and distribution of AgNPs incorprted into SiHCFs were realized
by UV–vis absorption, SEM and EDX mapping. The incorporation of
AgNPs into the SiHCFs improved the tensile modulus and decreased the
transmittance but still greater than 90% at 600 nm. Moreover, the an-
timicrobial assay demonstrated that the prepared SiHCFs had potent
antimicrobial inhibitory without revealing toxicity.
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