Fabrication and Safety Evaluation of Titanium Surfaces Functionalized with Gold Nanorods
for A Potential Light-induced Anti-biofilm Application for Medical Device Surfaces
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Material Characterization

Abstract
Bacterial biofilms are three-dimensionally structured communities of microbes encased within a self-produced
extracellular polymeric substance (EPS) attached to a surface. Compared to their planktonic counterparts, biofilm
bacteria embedded in EPS are highly resistant to antibiotics and conventional disinfection strategies. Medical
implant-associated biofilms cause a significant increase in mortality and morbidity worldwide. Surfaces
functionalized with gold nanorods (GNRs) have been demonstrated to be promising as they can induce bacterial
killing effects upon exposure to near-infrared (NIR) radiation. NIR light can penetrate as deep as 10 mm through
tissue. When exposed to NIR, GNRs can generate plasmonic photothermal heat to eliminate microbial biofilms
and reduce implant failures. However, the performances and biocompatibility of these surfaces may differ as the
fabrication methods vary.
To address this knowledge gap in evaluating GNR-incorporated medical devices, and design innovative strategies
for eradicating persistent biofilms on implant surfaces, here we have assessed different immobilization
techniques via thiol- or amine-terminated silane to deposit citrate-stabilized gold nanorods on titanium discs. The
results showed that the more polar amine-terminated silane achieved a higher amount of deposited nanorods on
titanium. Biocompatibility testing was conducted in vitro on human osteoblast by following ISO-10993 Part 5.
Titanium discs coated with GNRs solutions up to 200 µg/mL did not show significant cytotoxicity and induced
slightly lower biofilm growth. Anti-biofilm performances of fabricated surfaces will be tested against
Staphylococcus aureus (ATCC 25923) biofilms. The results of this research will help the FDA assess medical
device submissions that use similar nanomaterial-based anti-biofilm technology.
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Figure 2. Results of biocompatibility tests conducted according to ISO 10993-5 (Biological evaluation of medical devices: Tests for in vitro cytotoxicity) on human
osteoblast cells (hFOB 1.19, ATCC CRL-11372). In the direct contact test, samples were carefully placed to cover approximately 1/10 of the cell monolayers and
incubated for 1 day. Polyurethane film with 0.1% zinc diethyldithiocarbamate (PUA-ZDEC) was used as a positive control. (A) Titanium treated with APTES or
MPTES did not induce significant cytotoxicity with or without deposition of GNRs. Fluorescence viability imaging showed high proportion of live cells with
(D&E) GNR-coated titanium similar to titanium (B) control. In addition, the extract test was performed to evaluate the potential toxicological hazard of leachables
from the samples over a 21-day extraction period, and (F) indicated that sample extracts induced no significant reduction in cell viability.
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Figure 3. Bacterial studies of (A) biofilm formation and (B) planktonic growth of S. aureus (ATCC 25923) on titanium samples. Bacteria (seeding density= 107
CFU/mL) were harvested at mid-log phase and incubated with sterilized plain and modified titanium samples in tryptic soy broth (TSB) at 37 ºC in static condition.
Biofilm bacteria were dislodged by sonication for 3 min in 1 mL saline, and the total number of bacteria on each disc was quantified by bacterial enumeration assay.
Planktonic bacterial viability was also bacterial enumeration assay The APTES treated titanium showed slightly decreased biofilm formation after 12 h (*P<0.1 vs
control). No potent inhibition against planktonic growth was observed in all groups (*P>0.1).
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Figure 1. Surface characterization of titanium samples. (A-E) Contact angle measurements
showed that surface treatment with APTES increased surface wettability (18.43±2.03°), while
MPTMS induced greater hydrophobicity (75.65±1.69°). Incubation with GNR did not alter surface
wettability. (F-J) Surface characterization by SEM demonstrated that both APTES- and MPTMStreated titanium had greater surface roughness, but only the APTES-treated titanium had apparent
deposition of GNRs. (K) The elemental mapping analysis by EDS displayed the presence of
GNRs on APTES-treated titanium.

Different chemical synthesis schemes were employed to modify the surface of titanium to enable attachment of gold nanorods
(GNRs). APTES enhanced titanium surface wettability and induced greater GNR deposition compared to hydrophobic MPTMS.
The functionalized titanium from both methods displayed good biocompatibility with osteoblast cells. Further safety and
effectiveness assessments of the GNR-coated titanium with NIR irradiation will be conducted.
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