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Biological Applications of Biomimetic Superhydrophobic Surfaces
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Abstract Nature has long served as a source of inspiration for scientists and engineers. Inspired from lotus leaf, a variety of
biomimetic surfaces with superhydrophobicity have been fabricated in recent years based on the combination of surface mi-
cro- and nanostructures and chemical compositions by using many different synthetic methods. These surfaces exhibit vari-
ous significant applications in anti-icing, microfluidic systems, biocompatibility and other fields. As a special material prop-
erty, superhydrophobicity has been proved to be used in biomedical and biological applications in recent years.
Three-dimensional superhydrophobic materials may be become an ideal carrier for drug delivery in the near future since en-
trapped air within the material should act as a removable barrier component to retard drug release. Superhydrophobicity
property can modulate and improve the interfacial reactions of biological entities and material surfaces. For example, plate-
lets can hardly adhere and be activated on superhydrophobic surfaces so as to avoid the blood coagulation and thrombosis,
which can be applied on manmade blood vessels, artificial organ implantations and other medical devices in contact with
blood. Cell and biomolecule on the surfaces with special wettabilities, e.g. superhydrophobicity, superhydrophilicity, reversi-
ble switching between superhydrophobicity and superhydrophilicity, will show different behaviors, which have been demon-
strated by the investigations of protein adsorption and cell adhesion, cell and biomolecule micropatterning, antibacterial,
high-throughput screening. In this review, we briefly introduce the classical wettability models, and then focus mainly on
their biological applications, including drug release, blood compatibility, protein adsorption, cell behavior, biomolecule and
cell micropatterning. Finally, the prospect of biomimetic superhydrophobic surface in biological applications is also pro-
posed.

Keywords superhydrophobic; wettability; contact angle; biological applications
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Figure 1 Montage of some examples from natural superhydrophobic plants and animals: (a, b) lotus leaf!'”’, (c, d) mosquito compound eye!'"’, (e, f) water
strider leg!'?, (g, h) butterfly wing"?), (i, j) gecko foot!""), (k, 1) back of desert bettle!"!
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Figure 3 (a) 10% PGC-C18-doped electro-spun PCL mesh with an average fiber size of 7.2+ 1.4 pm; (b) Proposed mechanism of drug-eluting 3D su-
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; (¢) Albumin adsorption onto micro-scale and nano-scale surfaces: fluorocarbon terminated
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Figure 5 FM images of the MEF-GFP cells proliferation on (a) super-
hydrophobic and (b) superhydrophilic VACNTSs surfaces, incubated for 6
d%?; Images of P19 cell stained with Trypan blue after two days in culture
on (c) PEDOT-OH films in serum-free media®”’; (d) PEDOT-F films in
serum-free media'®”); (¢) PEDOT-OH films in serum-containing medial®”’;
(f) PEDOT-F films in serum-containing media'®”’
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Figure 6 SEM images of Saos2 osteoblasts grown on flat (a, d, g) PS surface, etched PS surfaces for 5 min (b, e, h), and for 10 min (c, f, i) for 24 h (a, b,
¢) and 8 d (d, e, f), respectively. Single cells at higher magnification (g, h, i) were grown on the three kinds of substrates for 24 h'®; (j)~(0) SEM micro-
graphs showing the morphology of L929 (a and d), ATDCS (b and e) and SaOs-2 (c and f) and on hydrophobic and superhydrophobic respectively, after 6
days culture!®”!
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Figure 7 (a) SEM image of the remarkable platelet adhesion on the
smooth FPCU film!”"); (b) Magnified image of a single platelet in (a)"""’;
(c) SEM image of few platelet adhesion the nano-structured superhydro-
phobic FPCU!""; (d) Magnified image of the platelet in (c)””; (e) CAs of
droplets on the SINWA-PNIPAAm surface in water, where the surface
remained a superoleophobic state™; (f) At 20 C and 37 C, the
SINWA-PNIPAAm surface shows a low force and almost no residuum!””!
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Figure 8 (a) Combined fluorescence images of a chip patterned with five different anti-IgGs: FITC-conjugated anti-chicken and anti-goat IgG, and
TRITC-conjugated anti-mouse, anti-rabbit, and anti-goat IgG"*”; (b) Fluorescent microscope images of MTly-mCherry cells after growing for 48 h on the
array®; (c) Phase-contrast microscopic images of cell adhesion behaviors on the micropatterned surface after cultured for 24 h™®; (d) SEM images of
CHO cells trapped within the superhydrophilic SINW patterns™; (e)~(j) 3T3 cells cultured on various roughened fluoropolymers. The surface roughness

on the patterned area was (e) 10 nm, (f) 25 nm, (g) 35 nm, (h) 42 nm, (i) 52 nm, (j) 65 nm. Scale bars represent 200 pm!*"
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Figure 9 (a) SEM of silver particle-covered cotton fiber after OTES
modification; (b) Water repellent test on (left) normal cotton fabric, and
(right) silver particles-coated cotton fabric treated with OTES; Modified
cotton fabric placed on the agar plate inoculated with: (c) Modified cotton
fabric placed on the agar plate inoculated with Escherichia coli showing a
comparatively small zone of inhibition (1.5 mm) and (d) modified cotton
fabric placed on the agar plate inoculated with Staphylococcus aureus
showing a comparatively large zone of inhibition (3 mm)!'*
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