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Introduction

Results

Polydimethylsiloxane (PDMS) is used as a
biocompatible polymer to create devices for cell
culture experiments. Its hydrophobic surface,
however, results in substantial non-specific adsorption
of a range of hydrophobic biological molecules,
particularly in relatively high surface area-to-volume
PDMS-based devices. We have a specific interest in
characterizing stimulation of macrophage-derived
cells by lipopolysaccharide (LPS), a hydrophobic
signal that promotes macrophage secretion of nitric
oxide (NO), which functions as a key biogenic control
point. Thus, strategies for minimizing adsorption of
LPS to PDMS surfaces in miniaturized chambers are
fundamental to interpreting macrophage stimulation
using electrochemical detection of NO. To address this
requirement, we have functionalized PDMS surfaces
by treatment with three different silane-based groups
to enhance surface hydrophilicity.

The modifications on the PDMS with the threedifferent silane-based groups were confirmed using XRay Photoelectron Spectroscopy (XPS).

Above are shown bright-field (left) and fluorescence
(center) images of RAW 264.7 macrophage cells, 24
hours after plating and stimulation with LPS in four
wells (AcOSi, HOSi, MeOSi and PDMS). Our
qualitative results show enhancement in LPS
stimulation in RAW 264.7. The fluorescence images
show that the cells in the functionalized PDMS wells
have brighter intensity compared to the cells in the
non-functionalized PDMS well.

Experimental Methods
For our studies, we modified the PDMS surface by
functionalizing it with the following three silane-based
groups (Gelest, Inc.) with varying chain lengths and
different end groups (shown in the table below).
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Acronym

2-[Acetoxy(Polyethyleneoxy)
Propyl] Triethoxysilane

AcOSi

2-[Methoxy(Polyethyleneoxy)
9-12Propyl] Triethoxysilane

MeOSi

[Hydroxy(Polyethyleneoxy)
Propyl] Triethoxysilane

HOSi

To functionalize PDMS, its surface was first activated
through exposure to oxygen plasma, after which it was
immediately treated with one of three different silanebased groups. The scheme below shows these steps
(here, R represents one of the three silane-groups).

By C 1s fitting, the amount of oxygen content for
PDMS, MeOSi, AcOSi, and HOSi was determined
(table below). These results show that AcOSi has the
highest oxygen content on its surface (hydrophilic),
while PDMS has the lowest (hydrophobic).
Surface

Surface Oxygen Content (%)

AcOSi

22.7 ± 1.1

MeOSi

16.9 ± 0.8

HOSi

10.6 ± 0.4

PDMS

5.1 ± 0.3

We are interested in characterizing the LPS stimulation
of RAW 264.7 macrophage cells. LPS is a
hydrophobic signal that promotes the cellular secretion
of NO, an important biogenic species. Upon
functionalizing and characterizing the PDMS surfaces,
we performed qualitative fluorescence imaging studies
with RAW 264.7 macrophage cells to evaluate the LPS
stimulation enhancement. In these studies, we used
fluorescence microscopy to detect DAF-FM, a reagent
that is essentially non-fluorescent until it reacts with
NO to form fluorescent benzotirazole.

Concluding Remarks
We have modified the PDMS surface with three
different silane-based groups to enhance LPS
stimulation in cell studies. We have characterized
these surface modifications using XPS. In addition, we
have performed studies with RAW 264.7 macrophagederived cells using the three different functionalized
PDMS surfaces. The modifications introduced to the
PDMS surface show enhancement in LPS stimulation.
Although preliminary, these results are promising.
Future studies involve the electrochemical detection of
cellularly derived NO using the three different
functionalized PDMS surfaces.

Acknowledgements
•
•

Welch Foundation for funding.
Dr. Christopher LaFratta (Bard College) for helpful
discussions.

