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Abstract: Interfacial properties of commercially available soft contact lens hydrogels were studied to understand
thermodynamic phenomena of protein adsorption. Hydrogel particles (1 x 1 mm?) with varying water wettability
were exposed to bovine serum albumin solutions for an hour. The remained albumin solutions were analyzed with
Bradford assay method. The amount of protein adsorbed to hydrogels increased with protein solution concentrations
following Langmuir isotherm. The partition coefficient (P) and Gibbs free energy cost of dehydrating the surface
region by protein displacement upon adsorption increased with increasing hydrophilicity of contact lens.
Understanding of physical chemistry in protein adsorption to contact lens materials enabled elucidating relationships
between surface energy and albumin adsorption capacity.
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Table 1. Chemical Compositions of the Hydrogel Contact Lens Materials
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lens cutter

side top

Figure 1. Illustration of lens cutting. a) side image; b) top image, the
cutters interval is 1 mm; c) image of cut lens.

FHCTE x A E, 1 x 1 mm?, Figure 1).
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Materials Abbreviations

Composition

HEMA

2-hydroxyethyl methacrylate (HEMA) with ethylene glycol dimethacrylate (EGDMA)

HEMA HEMA-MA HEMA with sodium methacrylate (MA) and 2-ethyl-2-(hydroxymethyl)-1,3-propanediol trimethacrylate

based
materials HEMA-PC

HEMA with methacrylate of phosphorylcholine (PC)

Modified PVA Poly(vinyl alcohol) partially acetalized with N-formylmethyl acrylamide

2-Propenoic acid, 2-methyl-,oxybis(2,1-ethanediyloxy-2,1-ethanediyl) ester, o-(butyldimethylsilyl)-m-[[[3-[2-

Silicone
hydrogel
materials

HPDMS

hydroxy-3-[(2-methyl-1-0x0-2-propenyl)oxy]propoxy [propyl]dimethylsilyl]oxy]poly[oxy(dimethylsilylene)], N,N-
dimethyl-2-propenamide, 1-ethenyl-2-pyrrolidinone and 2-hydroxyethyl 2-methyl-2-propenoate

PDMS+DMA PDMS+DMA-+HEMA tsiloxane macromer+TEGDMA-+PVP
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Figure 2. Typical calibration curve relating optical density (OD) to
protein concentration.
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Figure 3. Adsorption of purified human serum albumin to different
surfaces with different water wettability. Error bars on symbols represent
estimated uncertainty calculated by propagation of error in the slope
of best-fit calibration curves. Symbols represent different surfaces
(PDMS; open squares, HEMA-PC; open circles, HPDMS; closed squares,
HEMA; inversed closed triangles, modified PVA; open triangles,
HEMA-MA,; closed circles).
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Table 2. Dynamic Contact Angles of Different Materials®*

Materials ~ Advancing contact angle(°)* Receding contact angle(°)’
HEMA+MA 51 31
HEMA 54 44
Modified PVA 53 51
HEMA+PC 101 47
HPDMS 100 52
PDMS+DMA 109° 63°

“Sessil drop method.” *Wilhelmy balance method. ****
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Figure 4. Maximum protein adsorption for contact lens as a function
of surface wettabillity measured in terms of advancing water adhesion
tension.
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Figure 5. Slope from adsorption curves as a function of surface wet-
tabillity measured in terms of advancing water adhesion tension.
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Table 3. Characteristic Theoretical Parameters for Purified
Albumin Adsorption to Hydrogels
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Figure 6. Linear-like increase in Gibbs free energy difference with
increasing adsorbent-particle surface energy measured in terms of
advancing water adhesion tension.
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