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A significant challenge that has prevented the development of 2) ammiee
viable intravascular sensors is biofouling of the blood-contacting m .
interface due to protein deposition, platelet adhesion/activation, and .
surface-induced thrombosis? Strategies reported for improving
implant-blood compatibility include the use of more blood compat-
ible polymer$ (e.g., silicone rubbers, polyurethane), specific surface
modifications via albumin, heparin, or plasma coatings, and g
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endothelial cell seeding? To date, these approaches have been P | et T Seamnadd o
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met with only limited success in vivo; platelet adhesion and = “ecsbicossecion Harzontal e Section ) osaenial G Secion
coagulation events still dominate the interfacial chemistry that = o 1009

occurs between a polymer-based medical device and Bibad. 1 o

promising solution to these blood compatibility problems involves = ™y edergrrrreoere e S

_the use of polymers that controllably release nitric o_><|de (NQ). NO Figure 1. Contact mode AFM images of 20% AEMP3/80% MTMOS sol
IS natura”y produced by endothe“al Ce||S Where it fUnCUOnS to ge| micropat‘[erns on g|assl Patterns (a)4(11 dots x lO/lm Spaces) and
promote vasodilation of the surrounding blood vessels and regulate(b) (3um linesx 1 um spaces) were prepared by applied pressure. Pattern

platelet adhesion/activation at the bleeehdothelium interfac®. (c) (5um lines x 7 um spaces) was prepared by capillary flow.
Polymers capable of mimicking the vascular endothelium have beengs g array of straight channels in direct contact with a glass
synthesized by incorporating diazeniumdiolate NO donor molecules g pstrate. Sol solution placed at one end of the array was drawn
into polymeric matrixes. Such coatings have successfully been jnto the microchannels via capillary acti#hFor both patterning
applied to a wide range of biomedical implants including vascular methods, the template was removed after curing/drying for 24 h.
grafts® and gas/electrolyte sensétsAlthough improved blood  Sol-gel microarrays were characterized using atomic force mi-
compatibility has been reported for oxygen-catheter sensors coateq:roscopy (AFM). Representative AFM images of AEMP3/MTMOS
with thin NO-releasing polymers for up to 24*hthicker films micropatterns are shown in Figure 1. Feature dimensions were
necessary for devices requiring longer NO release (e.g., subcutanegetermined using the horizontal line scan that accompanies each
ous sensors) were found to inhibit analyte diffusion, resulting in image. Notably, a variety of selgel microarrays can be formed
poor analytical sensitivity® Herein, we employ micropatterning  ysing applied pressure and capillary flow patterning methods (Figure
methods to selectively modify surfaces with arrays of NO-releasing 1).
sol—gels such that the majority of the underlying substrate remains  The amine groups in the setjel patterns were then converted
unmodified while the overall interface is uniquely resistant to to diazeniumdiolate NO dondfsvia exposure to 5 atm of NO for
platelet adhesion. 72 h. Diazeniumdiolate formation was confirmed by the appearance
We have previously reported on the use of aminosilane-basedof a characteristic band at 250 nm in the solid-state—Wi¢
sol—gels for the localized release of NOSol—gel chemistry has  absorbance spectra of analogous films cast on quartz sfidés
proven to be an effective strategy for generating NO in a apility of micropatterned selgel lines to withstand these conditions
controllable manner. In this report, the ability of sgjel films and and those necessary to initiate NO release (solution imméfsion
micropatterns to reduce in vitro platelet adhesion is investigated. was also assessed using AFM. Micropatterns were imaged before
Sol—gel materials were synthesized by combining methyltri- and after exposure to 5 atm of NO for 72 h. Changes in the sol
methoxysilane (MTMOS), ethanol, water, and (aminoethylamino- gel microarray geometry were not observed following high-pressure
methyl)phenethyltrimethoxysilane (AEMP3) and sonicating for 5 NO gas exposure. AFM images at distinct intervals after immersion
min. Due to the low viscosity of the sol solution, which is an in Tyrode’s buffer (pH 7.35) at 37C indicate that the stability of
attractive feature for patterning applications, 20% AEMP3/80% the sol-gel patterns was maintained in agqueous solution for up to
MTMOS sot-gels were employed for this study. Sajel films 7 d (data not shown). Selgel micropattern stability was also
were cast onto ethanol-cleaned glass slides (ca.2 aging 10 evaluated by measuring the concentration of Si in Tyrode’s buffer
uL of sol solution. The setgel films were then cured, dried, and  soak solutions as a function of immersion time using direct current
aged at room temperature under atmospheric conditions for 24 h.plasma (DCP) emission spectroscopy. The concentration of Si in
Sol-gel microarrays were prepared by either an applied pre$sure soak solutions for AEMP3/MTMOS selgel micropatterns was
or capillary flowt® method using elastomeric poly(dimethylsiloxane) below the limit of detection€0.5 ppm) for up to 24 h immersion.
(PDMS) templates made from silicon (Si) masters. To fabricate The rate of NO release in Tyrode’s buffer at 37 was measured
microarrays using applied pressure, the sol solution was placedusing a NO chemiluminescence analyzer and found to be steady
directly onto a substrate and covered with a PDMS template. for at lea$ 1 h and continuous for up to 24 h (Supporting
Pressure was applied using a microbar clamp to allow for contact Information). Of note, we have previously shown that both the rate
between the template and underlying substrate. Micropatterning byand duration of NO release from sajels may be increased by
capillary flow was achieved by placing a PDMS template consisting varying the percent (v/v) and/or type of silicon alkoxidétdeed,
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Figure 2. Phase contrast microscopy images (36167 um?) of porcine
platelet adhesion to 20% AEMP3/80% MTMOS (a) control film, (b) NO-
releasing film, (c) control micropattern, (d) NO-releasing micropattern.

Table 1. Porcine Platelet Adhesion to 20% AEMP3/80% MTMOS
Sol—Gel Modified Substrates

platelet coverage(%)

NO flux ANOVA
(pmolicm?s) control NO-releasing p value
film 23+04 120+ 47 28+ 18 3.6x 10714
pattern 22+£04 75+ 24 19+ 12 1.4x 10718
p value 2.3x 1073 0.02

aPlatelet coverage measured by percent opaqueness inxa 167um?
image area relative to glass control. Averages and standard deviations
determined from 10 images from 3 independent surfages 80).

sol—gel coatings that controllably release NO for up7 d have
been prepared (data not shown).

Because a material’'s blood compatibility is directly related to
its ability to prevent platelet adhesion, in vitro platelet adhesion
studies using platelet-rich porcine plagmare used to characterize
the blood compatibility of NO-releasing AEMP3/MTMOS sol
gel films and microarrays. As shown in the phase contrast
microscopy images in Figure 2, both control-sgkl films (Figure
2a) and sotgel micropatterns (xm lines, 7um spaces) were
characterized by dense platelet adhesion (Figure 2c). In contrast,
the coverage of platelets on films that release NO (Figure 2b) was
significantly reduced, suggesting that NO release is effective at
inhibiting platelet adhesion. A statistically significapt< 0.001)
reduction in platelet adhesion to NO-releasing films relative to
controls is noted (Table 1). These results are consistent with
previous in vitro and in vivo platelet adhesion studies demonstrating
increased blood compatiblity for polymers that release!\318.19

NO-releasing setgel micropatterns (Figure 2d) exhibit a
comparable reduction in platelet adhesion when compared to control
sol—gel films (Figure 2a) and micropatterns (Figure 2c). These
results demonstrate that the localized concentration of NO between
sol-gel micropattern lines (&m lines, 7um spaces) is above the
critical threshold necessary to inhibit platelet adhesion to unmodified
regions of the substrate. Thus, the ability of micropatterned NO-

releasing surfaces to resist platelet adhesion via surface localized

NO release may be an effective strategy for achieving enhanced
sensor biocompatibility without modifying an entire surface and
potentially compromising analytical sensitivity.

The measured NO surface flux from AEMP3/MTMOS sgkl
materials was found to be on the order of the NO surface flux from
stimulated endothelial cells-g pmol/cn#-s)2° The total amount
of NO released from these materials is, however, still lower than
the amount of NO produced daily by the human endothelierh (
mmol) 2! Preliminary results indicate that the overall NO release
from a substrate may be tuned by varying micropattern dimensions
and geometry (Supporting Information). Studies are underway to
determine the optimum NO flux, micropattern geometry, anetsol
gel composition that most effectively reduces platelet adhesion while
maximizing the substrate surface area that remains unmodified.
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