
LIN ET AL . VOL. 5 ’ NO. 12 ’ 10026–10032 ’ 2011

www.acsnano.org

10026

November 04, 2011

C 2011 American Chemical Society

A Cell-Compatible Conductive Film
from a Carbon Nanotube Network
Adsorbed on Poly-L-lysine
Debora W. Lin, Christopher J. Bettinger, Joshua P. Ferreira, Clifford L. Wang, and Zhenan Bao*

Department of Chemical Engineering, Stanford University, Stauffer III, 381 North-South Mall, Stanford, California 94035-5025, United States

S
ingle-walled carbonnanotubes (SWNTs)
exhibit awide rangeof uniqueelectrical,
mechanical, and chemical properties.

Thus they have shown promise for use in
organic electronic applications including
thin film transistors, conducting electrodes,
and biosensors.1�3 Recently, SWNTs have
also attracted interest in applications in bio-
technology due to their exceptional elec-
tronic properties and functionalizable
surfaces.4�6 In recent years, researchers
have begun using SWNTs in bioelectronic
devices, as drug delivery carriers of proteins
and therapeutic agents,7�9 and even scaf-
folds for tissue engineering.10�12 Several
studies investigated the biocompatibility of
nanoparticle and carbon nanotube interfaces
in several kinds of mammalian cell lines.13�15

Recent investigations have examined the bio-
compatibility of nanomaterials with neural
tissues and the development of electrodes
to electrically stimulate neural cells.16 Harris
et al. demonstrated a functional neural in-
terface with microelectrodes composed of
multiwalled carbon nanotubes (MWNTs).4

The ability of the microelectrodes to oper-
ate with capacitive current suggests that
they can be used without electrochemical
hazards and potentially be both efficacious
and provide safe electrical stimulation of
neurons. Furthermore, Kotov et al. investi-
gated the benefits of a carbon nanotube/
laminin composite as a neural interface.6

The composite film successfully served as
a platform for the differentiation and elec-
trical stimulation of neural stem cells. Thus
far, research on interfacing SWNTs and
other nanomaterials with cells and the com-
patibility of the two have been investigated.
A current issue that hinders the advance-
ment of these neural interfaces is the cyto-
toxicity of the materials used to compose
these interfaces. Geckeler et al. investigated
the cytotoxicity of solution-based functio-
nalized SWNTs when exposed to various

mammalian cell lines.13 They compiled im-
mense information on in vitro cytotoxicity
results of various types of carbon nanotubes
against several kinds of mammalian cell
lines.13 They found that the cytotoxicity
was affected by a combination of SWNT
aspect ratio (diameter and length), surface
area, surface chemistry, aggregation, and
purity, making it hard to conclude. Other
efforts have investigated the feasibility of
chemically modifying SWNTs with biologi-
cal molecules,17 while others have observed
reduced cytotoxicity of chemically modified
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ABSTRACT Single-walled carbon nano-

tubes (SWNTs) have shown promise for use

in organic electronic applications including

thin film transistors, conducting electrodes,

and biosensors. Additionally, previous studies

found applications for SWNTs in bioelectronic devices, including drug delivery carriers and

scaffolds for tissue engineering. There is a current need to rapidly process SWNTs from solution

phase to substrates in order to produce device structures that are also biocompatible. Studies

have shown the use of surfaces covalently functionalized with primary amines to selectively

adsorb semiconducting SWNTs. Here we report the potential of substrates modified with

physisorbed polymers as a rapid biomaterials-based approach for the formation of SWNT

networks. We hypothesized that rapid surface modification could be accomplished by

adsorption of poly-L-lysine (PLL), which is also frequently used in biological applications.

We detail a rapid and facile method for depositing SWNTs onto various substrate materials

using the amine-rich PLL. Dispersions of SWNTs of different chiralities suspended in N-

methylpyrrolidinone (NMP) were spin coated onto various PLL-treated substrates. SWNT

adsorption and alignment were characterized by atomic force microscopy (AFM) while

electrical properties of the network were characterized by 2-terminal resistance measure-

ments. Additionally, we investigated the relative chirality of the SWNT networks by micro-

Raman spectroscopy. The SWNT surface density was strongly dependent upon the adsorbed

concentration of PLL on the surface. SWNT adsorbed on PLL-treated substrates exhibited

enhanced biocompatibility compared to SWNT networks fabricated using alternative methods

such as drop casting. These results suggest that PLL films can promote formation of

biocompatible SWNT networks for potential biomedical applications.
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MWNTs.18,19 However, chemically modifying SWNTs or
MWNTs often require several steps to ensure specific
protein nanotube binding;17 furthermore, fewer have
carried out biocompatibility studies of carbon nano-
tube networks on substrates. Thus, in this paper we
introduce a facile method to improve biocompatibility
of carbon nanotube films adsorbed by a polymer
treatment of the substrate surface.
In terms of SWNT film deposition, previous studies

were able to adsorb SWNTs by drop casting,20 airbrush
spray coating,21 vacuum filtration,22 electrophoretic
deposition,23 and Langmuir�Blodgett deposition.24

The use of surfaces covalently functionalized with
primary amines has been shown to selectively adsorb
SWNTs.25,26 Under certain conditions, semiconducting
SWNTscanbeselectivelyenrichedonaminesurfaces.3,26,27

While others have investigated the biocompatibility of
cells and SWNT/MWNT networks formed using APTES
surfaces.28 We hypothesized that amine-SWNT inter-
actions could be extended to biopolymers containing
aminemoieties to allow both adsorption of SWNTs and
biocompatibility. The use of polycationic natural bio-
polymers could improve the biocompatibility profile of
SWNT substrates. We herein report amethod to quickly
and easily prepare conductive films based on SWNTs
adsorbed on PLL surfaces. PLL is a polycationic homo-
polymer of the naturally occurring peptide L-lysine. It is
typically used as an attachment factor to cover tissue
culture plates to improve cell adherency.29 Electro-
static interactions between PLL and plasma treated
oxides30 or plastics promote physisorption of PLL onto
substrates and creates a surface that enhances SWNT
adsorption. In this work, we describe a rapid and facile
method for depositing SWNTs onto various substrate
materials using amine-rich biocompatible PLL. We
found that PLL treated substrates not only provide an
effective method of depositing a carbon nanotube
network onto the surface but also exhibited biocom-
patibility with biological cells.

RESULTS AND DISCUSSION

Film Preparation and Characterization of Substrates. Cell
compatible conductive substrates were fabricated in a
stepwise fashion. First, we investigated the versatility
of PLL to be used as an adhesion layer for adsorption of
a carbon nanotube network. The presence of adsorbed
PLL films was inferred from the presence of a peak at
398 eV in the high resolution X-ray photoelectron
spectroscopy (XPS) spectra of the N1s binding energy
region (Figure 1). Water-in-air contact angle measure-
ments of substrates were uniformly reduced upon
adsorption of PLL layers. This trend was observed
across substrate materials including silicon, glass, and
polyethylene terephthalate (PET). For all three types of
surfaces that were treated with PLL, we consistently
saw that the addition of PLL yielded a decrease in
contact angle. For example, glass substrate contact

angles decreased from 23.75�( 0.73� to 17.25�( 3.3�,
which may be explained by the polar side groups on
the PLL molecule.

The density of SWNT adsorbed to the surface could
be tuned by altering the following deposition para-
meters: spin speed, volume of solution dispensed, and
SWNT solution concentration (Figure 2). A SWNT den-
sity of 13 SWNT/μm2 was obtained by spin coating
250 μL of 5 μg/mL SWNT solution at 4000 rpm, while a
density of 5.25 SWNT/μm2 was obtained by spin coat-
ing 150 μL of 5 μg/mL SWNT solution at 6000 rpm.
Devices composed with these parameters contained
percolating random networks of SWNTs much higher
than the percolation threshold. The percolating thresh-
old can be calculated using FsLs2 . 4.2362/π, where
Fs is the number of SWNTs in unit area and Ls is
the length of the SWNT.31 The percolating threshold
for the highest density surfaces was calculated to be
13 SWNT/μm2 or higher based on the length of the
SWNT of 1 μm or longer. In comparison, another facile

Figure 1. XPS characterization. High resolution XPS spectra
of theN1s binding energy region of a control samplewithout
PLL treatment. XPS spectra comparing samples with and
without PLL treatment: bottom (A) is control sample; top
scan (B) with 20 μg/mL PLL treatment.

Figure 2. Surface density of SWNT as a function of common
processing parameters.
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approach to form controllable arrays of SWNT networks
involved treating substrates with 3-aminopropyl-
triethoxysilane (APTES) surface modification to form
amine-terminated self-assembled monolayers.25 Un-
der appropriate pH and spin-coating parameters a
SWNT density as high as 20.8 ( 2.4 SWNT/μm2 was
obtained.26 In addition, varying PLL concentration was
also investigated to control SWNT density (Figure 3).
SWNT adsorption was observed to increase with in-
creased PLL concentrations. This effect reached satura-
tion at a PLL concentration of 20 μg/mL. Additionally, it
was found that SWNT solutions spin coated onto
substrates gave rise to partially aligned networks of
SWNTs. SWNTs that are perfectly aligned, where 100%
of the SWNTs are aligned within an arbitrary axis, are
not ideal because it would not result in a connecting
conductive network.

Electronic Properties of SWNT Networks. The ensemble
electronic conductivity of spin-coated SWNT networks
was directly impacted by both surface preparation and
deposition conditions (Figure 4). The conductivity of
SWNT networks is increased as the concentration of
PLL deposition solutions is increased (Figure 4A), which
can likely be attributed to an increase in SWNT density.
Increasing SWNT solution concentration also leads to
increased SWNT surface density and subsequent en-
hancements in conductivity (Figure 4B). In subtle con-
trast to previous studies, SWNT networks adsorbed to
amine-containing PLL films exhibited no chiral specifi-
city as determined by Raman spectroscopy (Figure 5).25

Potential enrichment in semiconducting SWNTs with
PLL treated surface was determined through micro-
Raman spectroscopy (Figure 5). Using two excitation
energies 1.96 and 1.58 eV, micro-Raman spectra show-
ing radial breathingmodes found that with varying PLL
concentration, neither the semiconducting or metallic
peak became enhanced concluding that there is no
sorting of SWNTs. This observation is consistent with
the previous studies of SWNT adsorption on to primary
amine functionalized surfaces treated with buffer solu-
tions of different pH values.26 It was found that the
amine surfaces immersed in an acidic solution of pH 3
showed no selectivity for either semiconducting or
metallic SWNTs.26

Biocompatibility of SWNT Networks. The use of PLL as a
means to adsorb SWNTs onto a surface provides a
potential biocompatible platform for biological uses.

To investigate the biocompatibility of such a hybrid
SWNT-PLL substrate, cell morphology (or the shape of
the cell) and cytotoxicity studies were conducted.
Cellular morphology is an accurate indicator of cell
metabolism and viability.32 Cell morphology was char-
acterized through optical and scanning electron mi-
croscopy (SEM). The three conditions tested consisted
of PLL-treated glass substrates utilizing two SWNT

Figure 3. AFM topological micrographs. AFM images of PLL treated spin-coated SWNTs substrates of varying concentration
of PLL: 400 μL of SWNT solution was deposited onto each of these substrates. Images are 5 � 5 μm.

Figure 4. Resistivity measurements of spin-coated SWNT
networks. The effect of PLL concentration (A) and SWNT
solution concentration (B) on electrical resistance of
the SWNT network. Substrates treated with varying PLL
concentrations were all spin coated with 400 μL of SWNT
solution as shown in Figure 3. Substrates treated with
varying SWNT concentration were all treated with the same
concentration of PLL (10 μg/mL) and same volume of SWNT
solution (400 μL) but different concentrations of the SWNT
solution.

Figure 5. Micro-Raman spectroscopy of SWNT surfaces.

A
RTIC

LE

http://pubs.acs.org/action/showImage?doi=10.1021/nn203870c&iName=master.img-003.jpg&w=305&h=68
http://pubs.acs.org/action/showImage?doi=10.1021/nn203870c&iName=master.img-004.png&w=195&h=159
http://pubs.acs.org/action/showImage?doi=10.1021/nn203870c&iName=master.img-005.jpg&w=195&h=165


LIN ET AL . VOL. 5 ’ NO. 12 ’ 10026–10032 ’ 2011

www.acsnano.org

10029

deposition techniques and a control without any SWNTs.
NIH/3T3 fibroblasts cultured on spin-coated SWNTs PLL-
treated substrates adopted more well-spread morphol-
ogy as compared to drop cast SWNTs PLL-treated
slides. On drop cast SWNT/PLL-treated slides, cells con-
tained amore circular morphology suggesting very little
growth of protrusive subcellular features33 as seen in
Figure 6. Protruding features such as filopodia are stable
when encountered with favorable topological/chemical
cues,33 the lack of these filopodia suggests that the drop
cast SWNTs PLL-treated substrates presented an unfa-
vorable topological surface for the cells. SEM micro-
graphs also support light micrograph results. High
resolution images in Figure 7 show features extending
from thecells on spin-cast SWNTs substrateswhile drop-
coated substrates contained cells that appeared apop-
totic. Additionally, it was observed that the cells did not
exhibit preferential growth in the direction of SWNT
alignment on the spin-coated substrates, suggesting
that alignmentmaynot affect cytotoxicity of the SWNTs.

Cytotoxicity of Carbon Nanotubes. In addition to the
above cell morphology study, we used two different
cytotoxicity studies to observe the effects of the com-
ponents of the device on cells both quantitatively
through mitochondrial activity and qualitatively through
fluorescence imaging. The XTT assay was used to
monitor the degree of cytotoxicity caused by compo-
nents of the substrate. In the assay, 400 μL of a 1mg/mL
solution of sodium salt of XTT (2,3-bis[2-methoxy-
4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxyanilide

inner salt) reconstituted in the mediumwas added to a
six-well plate that contained substrates that had cells
seeded onto it for 24 h. Three types of substrates were
tested, substrates that contained no SWNTs (control),
spin-coated SWNTs, and drop-cast SWNTs.

It was found that the mitochondrial activity in-
creased for drop-cast samples when compared to both
the control and spin-coated samples when normalized
to cell concentration (Figure 8). The increase in mito-
chondrial activity suggests that drop-cast SWNT induce
a more intense toxic response than samples where
SWNTs were spin coated or no SWNT at all. These find-
ings may be explained by the orientation of the
SWNT on the surface. For drop-cast samples, the SWNT
were observed lying on top of each other randomly as
compared to spin-coated samples where a partially
aligned monolayer of SWNTs was on the surface.
Because of the higher roughness of the drop-cast
SWNTs, the cell may have had more contact with the
SWNT than the surface, thus stronger interactions with
the cellular membranes was expected. Similarly, Holt
et al. investigated the effects of purified and dispersed
SWNTs and observed the accumulation of these nano-
materials in the cells and the disruption of cellular
processes, such as reduction in cell proliferation and
alterations of actin structures.33

Figure 6. Lightmicroscope images. Morphological changes
can be seen between the PLL control (A), spin-coat SWNTs
(B), and drop cast SWNTs (C).

Figure 7. SEM micrographs of spin-coated (A,B) and drop-
cast (C,D) substrates and cells.

Figure 8. Mitochondrial activity. Effect of spin-coat (SC)
SWNT or drop-cast (DC) SWNT on mitochondrial activity.
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The cytotoxicity of carbon nanotubes deposited
substrates and 3T3 fibroblasts were also tested by
fluorescence staining with live/dead viability/cytotoxi-
city assay from Molecular Probes. This is a common
technique used to fluorescently tag two probes that
are frequently characterized parameters of cell viability,
intracellular esterase activity, and plasma membrane
integrity. Two dyes were used, a cell-permeant calcein
AM and EthD-1, which can only enter cells with damaged
membranes.When thepolyanionic dyecalcein enters the
cell it is enzymatically converted by intracellular esterase
activity into a highly fluorescent calcein producing an
intense uniform green fluorescence in live cells. EthD-1
can only enter cells with damaged membranes and
becomeshighlyfluorescentwhenbound tonucleic acids,
thus producing a bright red fluorescence in dead cells.
Therefore, cells which have died that contain compro-
mised membranes will contain a bright red florescence,
and those that are livingandcontain intracellular esterase
activity will fluoresce bright green. After 24 h of exposure
to the different SWNT substrates the cells were stained
and confocal live/dead assay images demonstrated that
the drop-cast samples had many more dead cells than
the spin-coated samples (Figure 9). This suggested that
the drop-cast SWNT substrates demonstrated higher
cytotoxicity than SWNTs that were spin coated onto the
substrate. The data were quantified by taking the ratio of
the number of dead cells to the total number of cells for
eachof the three conditions, control, spin-coat, anddrop-
cast samples (n = 8). The percentage of dead cells for
each condition was calculated to be 0.23%, 3.36%, and
34.37% for the control, spin-coat, and drop-cast samples,
respectively. The differences between the percentages
for the spin-coat anddrop-cast sampleswere found to be
statistically significant using a t test (p < 0.001).

Min et al. studied the biological behaviors of NIH-3T3
fibroblasts ongraphene andMWNTs composite artificial
surfaces. Their study suggested that the nanomaterials
show high biocompatibility for bioapplications based
on their results on proliferation, focal adhesion, and
gene transfection studies.28 Our results here show that
spin assembly of a low-roughness SWNT network on a
biocompatible PLL surface is an effectiveway to prepare

conductive substrates compatible with cells. In contrast,
high-roughness SWNT films formed by drop casting led
to cell death. Our biocompatible conductive surfaces
can be useful for devices that require cell-SWNT contact
such as neural interfaces that involve electrical stimula-
tionof cells and devices that utilize sensingmechanisms
based on the interactions of the mechanical forces of
the cells and their interaction with the SWNT network.

To further elucidate the effect of SWNT roughness
on biocompatibility, cell morphology was observed on
substrate surfaces of varying SWNT network density.
These samples were treated with PLL and deposited
with SWNT solution using a spray coating method. The
spray coating method was used to create a broader
range of SWNT network densities. To vary the SWNT
network density, the number of sprays differed be-
tween samples 30, 50, 70, and 90 sprays. It was
observed that as the SWNT density increased, so did
the number of cells that depicted circular morphology,
which is an indication of an unfavorable topological
surface for the cells as previously discussed, shown in
Figure 10. Furthermore, the percentage of dead cells
for each condition was calculated to be 8.02%, 6.12%,
25.64%, and 18.98% for the 30, 50, 70, and 90 sprays,
respectively. For sprayed SWNT networks with the
same density as the spin-coated SWNT film, the main
difference is the roughness of the films, calculated
using the root-mean-square. Films created from spray
coating or drop-cast methods contained roughness
greater than 6 nmandheights of SWNTs in the range of
5�30 nm. Films on spin-coated substrates contained
surface roughness values of under 2 nm and SWNT
heights in the range of 1�5 nm. These results indicate
that roughness of the SWNT film is an important factor
to consider, suggesting that spin-coated uniform

Figure 10. Light microscope images. Morphological changes
canbeseenbetween the control (A), 30 spray-coated layers (B),
50 spray-coated layers (C), 70 spray-coated layers (D), 90 spray-
coated layers (E). Insets are corresponding AFM images, 5 μm.

Figure 9. Live/dead assay microscope images. Transmis-
sion microscope images (A�C) and fluorescent images
(D�F). (A,D) PLL control; (B,E) spin-coat SWNTs substrate;
(C,F) drop-cast SWNTs substrate. Live cells fluoresce green
and dead cells fluoresce red (emphasized by circles).
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SWNT films provide the most biocompatible surface
for cells.

CONCLUSION

We demonstrate reduced toxicity of SWNT networks
processed on surfaces functionalized with PLL. PLL,
commonly used to promote cell adhesion, also pro-
vides a rapid and facile method for depositing SWNTs
onto various substrate materials. Increasing the con-
centration of PLL and SWNT solution leads to networks
with increased densities and order of magnitude re-
ductions in sheet resistance. Lightmicroscopy and SEM
demonstrate healthy elongated cell morphology on

spin-coated SWNT surfaces versus circular cell mor-
phology on drop-cast devices. Furthermore, XTT assay
shows that mitochondrial activity on spin-coated
smooth SWNT networks maintained similar levels as
the control, justifying that such a SWNT morphology
presents biocompatibility and conductivity simulta-
neously. In addition, live/dead assays showed in-
creased cytotoxicity with SWNT networks that have
been deposited by drop-cast methods versus spin-
coated methods. This work represents a simple ap-
proach to improve biocompatibility of SWNT networks
for the development of conductive surfaces for bio-
medical applications.

METHODS

Preparation of Substrates. Heavily doped silicon wafers (Silicon
Quest, Santa Clara, CA, USA, 100 orientation with 300 nm
thermal oxide) and glass substrates were sectioned into
25 mm � 25 mm squares. Substrates were solvent rinsed in
acetone, isopropyl alcohol, methanol, and water and dried in an
N2 stream. Substrates were ozone cleaned for 10 min (UVO
Cleaner, Jelight Company Inc.) and incubated in a 10 μg/mL
poly-L-lysine solution (Sigma-Aldrich) for 1 h.

Purification of SWNTs. Dilute SWNT solutions were prepared
using a modification of a previous procedure.26 An 80 mg
portion of arc-discharge single walled nanotubes (AD-SWNTs)
obtained from ILJIN Nanotech, grade ASP-100F and 2 g of
sodium dodecyl sulfate (SDS), from J. T. Baker were mixed with
200 mL of ultrapure water (0.1 micro-filtered, Invitrogen). The
mixture was sonicated (Cole-Parmer Ultrasonic Processor) at
750W, 100% amplitude for 30min with ice-water bath and then
centrifuged (Sorvall RC5C Plus) at 12500 rpm for 4 h at 4 �C. The
supernatant (∼80%) was decanted and diluted with anhydrous
acetone, the surfactant (SDS) was dissociated from SWNTs and
the flocculated SWNTs were collected by centrifugation. Upon
washing the flocculated SWNTs with acetone several times to
completely remove the surfactant, the suspension was filtered
through PTFEmembrane (Millipore, 0.45 μmpore size) to collect
the nanotubes. Macroscopic SWNT film was peeled off from the
membrane and dried under vacuum at 50 �C overnight.

Nanotube Solution Preparation. Nanotube solution was pre-
pared from the purified macroscopic SWNT film by sonicating
the bucky paper in NMP (1-methyl-2-pyrrolidone, Omnisolve,
spectrophotometry grade) for 25 min to final concentrations of
5, 10, and 20 μg/mL.

Preparation of Spin-Coat, Drop-Cast, and Spray-Coat Samples. For
spin-coat samples, nanotube solutions were deposited drop-
wise on newly cleaned substrates. For biocompatibility studies,
drop-casted samples were prepared by depositing 400 μL of
nanotube solution directly on the substrate and were dried at
120 �C for 2 h under vacuum. To prepare spray-coated samples,
SWNTs were spray-coated from solution using a commercial
airbrush (Master Airbrush, model SB844-SET). The substrates
were held at 180 �C on a hot plate, and the SWNTs were sprayed
at a distance of approximately 4 in. using an airbrush pressure of
35 psi. The samples were then dried at 90 �C for 30 min under
vacuum. PLL was adsorbed to various substrates including
native silicon oxide and glass slides using aqueous solutions
of the polyamino acid.

Sample Characterization and Imaging. XPS analysis was per-
formed on a PHI 5000 Versaprobe equipped with an Al kR
X-ray source. High-resolution spectra were collected at a takeoff
angle of 45�, a pass energy of 23.5 eV and a step size of 0.1 eV.
Atomic force microscopy (AFM) topography images were ac-
quired in the tapping mode regime using a Multimode AFM
(Veeco). Scanning electron microscope images were acquired

using a variable pressure SEM (Hitachi S-3400N VP-SEM, Plea-
santon, CA) and high pressure SEM (FEI XL30 Sirion, Hillsboro,
Oregon). Fluorescent microscope images were acquired using
an inverted light microscope (Zeiss Axio Observer Z1, Thorn-
wood, NY). Electrical characterization of the devices was carried
out using a parameter analyzer, Keithley 4200 SC semiconduc-
tor analyzer, to measure the resistance of the SWNT network.

Cell Viability. NIH-3T3 mouse fibroblasts were used to inves-
tigate the biocompatibility of the conductive SWNT/PLL film.
NIH-3T3 cells are commonly used in cell studies that investigate
cell morphology, proliferation, and adhesion.

XTT Assay. A 400 μL aliquot of a 1 mg/mL solution of sodium
salt of XTT (2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetra-
zolium-5-carboxyanilide inner salt) reconstituted in themedium
was added a six-well plate that contained substrates that had
3T3 cells seeded onto for 24 h. The assay was then incubated at
37 �C for 4 h. Absorbances were measured at 450 and 690 nm
values. Absorbances taken at 690 nm served as the background
measurement and were subtracted from the 450 nm value.

Live/Dead Viability/Cytotoxicity Assays. Live/dead viability/cyto-
toxicity assays were performed according to manufacturer's
instructions (Molecular Probes). Briefly, 20 μL of the 2 mM EthD-1
stock solution was added to 10mL of sterile, tissue culture, grade
D-PBS tomakea 4μMEthD-1 solution. FiveμL of the 4mMcalcein
AM stock solution was then added to 10 mL of EthD-1 solution.
Theworking solution comprising both calcein AMand EthD-1was
added directly to the 3T3 cells. Cells were then incubated for
45min at room temperature. Labeled cells were then viewed and
pictured under the fluorescence microscope.
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