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Abstract—Biofouling generally causes adverse effects to 

health, such as thrombosis, infection, and pathogenic calcifica-
tion. Hydrophilic and charge-balanced surface is proved to 
provide an energy barrier serving as a strong repulsive force 
against the nonspecific absorption. Unfortunately, the state-of-
art technology for silicone modification cannot provide a stable 
and effective coating for the long-term applications under 
complex conditions. In this study, we aim to modify the silicone 
surfaces with a zwitterionic surface ligand to resist nonspecific 
adsorption of protein, lipid and bacteria. We synthesized a 
silanized surface ligand conjugated with a head residue of 
zwitterionic sulfobetaine (SBSi) that bears positively charged 
quaternary amine and negatively charged sulfonate groups. 
The bacterial adhesion tests and protein fouling test revealed 
the excellent antifouling properties of modified silicones. For 
the real-world application, we modified commercially available 
silicone hydrogel contact lenses with developed zwitterionic 
ligands and showed their capability of anti-bacterial adhesion 
and anti protein fouling. In summary, the strategy of surface 
engineering in this work can be applied to not only contact 
lenses but other silicone-based medical devices in facile and 
effective fashion. 

Keywords— Biocompatibility, anti-fouling, zwitterionic ma-
terials, contact lenses.  

I. INTRODUCTION 

Silicone is widely used biomaterial in medical devices 
and catheters due to its non-sensitizing and non-irritating 
properties. As the silicone material exhibits hydrophobic 
characteristic, the non-specific adsorption of proteins, cells 
or bacteria occurs frequently and generally induces serious 
pathogenic problems to constrain their exploitation [1, 2]. A 
hydrophilic surface enables to strongly interact with water 
molecules to form a tightly bound water layer, which pro-
vides an energy barrier against the protein absorption. 
Based on that, the facile and widely used method to reduce 
protein fouling of silicones is to make the surface hydro-
philic by oxidizing the surface using oxygen plasma or UV-
ozone [3], or an oxidative wet chemical method [4]. These 
strategies can generate hydroxyl groups directly onto the 
silicone surface to increase surface hydrophilicity, and 
hence reduce nonspecific protein fouling events. However, 

silicone chains reconstruct and reorganize almost surface 
coatings [5, 6]. Therefore, these modifications often last 
only a few hours or sometimes a matter of minutes. This 
study aims to modify the surfaces of silicone materials with 
zwitterionic silane build block to increase surface wetting 
and effectively reduce bio-fouling under a physiological 
condition. We synthesized 3-(Dimethyl(3-(trimethoxysilyl)-
propyl)ammonio)propane-1-sulfonate (sulfobetaine silane, 
SBSi) which bears positive charged quaternary amine and 
negative charged sulfonate groups [7]. We applied SBSi 
onto the silicone surfaces to develop a super hydrophilic 
and charge-balanced antifouling biointerface (Fig. 1). The 
fouling resistance of the modified PDMS elastomer was 
verified by exposing to bacterial, protein, and lipid solu-
tions. The results revealed its excellent capability to repel 
the foulant adsorption, even after 30-day storage in ambient. 
The cytotoxicity test for SBSi was carried out by MTT 
assay. In addition, the modification strategy was applied to 
silicone hydrogel contact lenses to verify the applicability to 
the commercial products. 

II. RESULTS AND DISCUSSION  

A. Surface Characterization and Long-Term Stability 

The elemental composition of the SBSi-tailored PDMS 
was determined using XPS. XPS signatures originating 
from Si, C, O, N, and S atoms within the sample were mea- 
surable. The [N]/[S] atomic ratios derived from their XPS 
spectral area ratio were 0.94, which means approximately  
 

 

Fig. 1 Surface modification of PDMS with SBSi for antifouling properties. 
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Fig. 7 MTT assay for the viability of cells after the incubation with com-
pounds of SBSi, DMASi, 1,3-propanesultone. 

DMASi have almost no cytotoxicity at a concentration be-
low 5 mM. At a concentration of 25 mM, SBSi exhibits low 
cytotoxicity. However, as a thin layer coating, the concen-
tration of SBSi in solution should be extremely low even if 
the leaching occurred. Consequently, the SBSi can be re-
garded as a very low cytotoxic and biocompatible material 
for potential uses in vivo. 

III. CONCLUSION 

In this study, a surface coating strategy for modification 
of silicones based on zwitterionic sulfobetain silane (SBSi) 
for robust biocompatibility was proposed. The coating was 
characterized using x-ray photoelectron spectroscopy and 
contact angle goniometer. The long-term stability of SBSi-
modified PDMS was demonstrated by high surface wetting 
and excellent capability to resist bacterial adsorption, which 
should be results of suppressing the rotation of PDMS 
backbones and transport of low-molar-mass molecules by 
network crosslinking and superhydrophilicity of SBSi ad-
layers. Biomolecules, including bovine serum albumin, 
mucin, lysozyme and lipid, were effective repelled from the 
silicone by the SBSi coatings, rendering improved biocom-
patibility of silicone materials. The experiment for the cyto-
toxicity indicated that SBSi has very low cytotoxicity. 
Moreover, the applicability of SBSi for modification of 
commercial products was demonstrated by applying it on 
silicone hydrogel contact lenses. The improvement in the 
biocompatibility and stability of silicone-based medical 
devices with SBSi modification enables a wide range of 
applications, particularly implants for in vivo uses. 
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