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Abstract 

Artificial cell scaffolds that support cell adhesion, growth, and organization need 

to be fabricated for various purposes. Recently, there have been increasing reports of cell 

patterning using electrical fields. We fabricated scaffolds consisting of silicone sheets 

coated with single-walled (SW) or multi-walled (MW) carbon nanotubes (CNTs) and 

evaluated their electrical properties and biocompatibility. We also performed cell alignment 

with dielectrophoresis using CNT-coated sheets as electrodes. Silicone coated with 10 

μg/cm
2 

SWCNTs exhibited the least sheet resistance (0.8 kΩ/sq); its conductivity was 

maintained even after 100 stretching cycles. CNT coating also improved cell adhesion and 

proliferation. When an electric field was applied to the cell suspension introduced on the 

CNT-coated scaffold, the cells became aligned in a pearl-chain pattern. These results 

indicate that CNT coating not only provides electro-conductivity but also promotes cell 

adhesion to the silicone scaffold; cells seeded on the scaffold can be organized using 

electricity. These findings demonstrate that CNT-coated silicone can be useful as a 

biocompatible scaffold. 

 

Keywords: Carbon nanotubes, silicone, scaffold, electro conductive, dielectrophoresis 

(DEP) 
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1. Introduction 

Tissue engineering aims to create artificial tissue that can be implanted to replace 

damaged parts of the human body. To achieve this goal, many types of cell scaffolds for 

tissue engineering have been studied [1,2]. Artificial scaffolds need to be designed to 

support cell adhesion, growth, and organization. With these aims, scaffolds with a variety of 

functions have been developed [35]. 

Carbon nanotubes (CNTs) are one particular type of nanomaterial; the walls of 

each nanotube are derived from a graphene sheet. In general, there are 2 groups of carbon 

nanotubes: single-walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes 

(MWCNTs). SWCNTs are composed of a single cylindrical graphene sheet, while 

MWCNTs consist of concentric tubes with multiple layers of carbon walls (Figure 1). Both 

types of CNTs have attracted increasing attention due to their unique mechanical, electrical, 

and structural properties [6,7]. Because of their unique properties, they are used in various 

biomedical fields for a variety of applications, including the manufacturing of biosensors, 

drug and vaccine delivery vehicles, and materials for tissue engineering [810]. 

Furthermore, an increasing number of reports are focusing on the use of CNTs as scaffolds 

in regenerative medicine [1113]. Neuron differentiation from human embryonic stem cells 

has been reported to be promoted on CNT-based scaffolds [14]. Furthermore, osteoblastic 

cells have been found to adhere strongly to CNTs [15,16]. CNTs are useful as a scaffold 

material because of their excellent mechanical properties and fiber-like structure, which is 

close to the size of collagen fibrils (approximately 40–100 nm in diameter, depending on 
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tissue site [1719]). In addition, one of the most attractive properties of CNTs is their 

excellent conductivity, which enables them to provide electro-conductivity to a scaffold. 

Recently, many reports of cell positioning and patterning using electrical fields have been 

published [20,21]. The dielectrophoretic (DEP) approach is one of the most useful methods 

because of its ability to move cells in a non-uniform electric field [2224]. An 

electroconductive CNT scaffold would enable cell patterning and alignment and would 

therefore be beneficial for tissue organization. 

Silicone is widely used in the field of plastic surgery because of its flexibility and 

stability inside the body. Although silicone is the favored implant material due to its 

chemical stability and flexibility, it has limited cell adhesiveness and can therefore cause 

problems during the course of long-term usage [2527]. We previously reported 

improvements in osteoblastic cell (Saos-2) proliferation on silicone rubber as a result of 

CNT coating [28]. However, in that study, the CNTs on the silicone surface were not firmly 

fixed using the coating method we used, and therefore, the CNTs subsequently detached. 

The purpose of this study was to improve the fabrication method of CNT-coated silicone 

and evaluate its properties and biocompatibility as a flexible, electrically conductive 

biomedical material. 

 

2. Material and methods 

2.1. Substrate preparation 

2.1.1. Preparation of CNT-coated silicone 
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Both SWCNTs and MWCNTs were used in this study. The SWCNTs, synthesized 

using the arc discharge method, were 0.8–2.5 nm in diameter and were >95% pure (Meijo 

Nano Carbon Co. Ltd., Nagoya, Japan) [29]. The MWCNTs, synthesized using the 

chemical vapor deposition technique (NanoLab Inc., MA, USA), were 20–40 nm in 

diameter and were 98% pure [30]. Both types of CNTs were dispersed in 99.5% ethanol by 

sonication. The resultant dispersion was vacuum filtered using a porous polycarbonate 

membrane 47-mm in diameter with a 0.2-μm pore size (Polycarbonate Membrane Filter; 

Toyo Roshi Kaisha, Ltd., Tokyo, Japan), and a thin film of CNTs was fabricated on the 

polycarbonate membrane. Medical-grade silicone elastomer and cross-linker (Platinum 

Silicone Elastomer, A-2186-F; Factor II, Inc., AZ, USA) were mixed in a ratio of 10:1 by 

weight and applied in a thin layer on the CNT film. The silicone elastomer was allowed to 

polymerize at room temperature overnight. After polymerization, the polycarbonate 

membrane was removed by peeling and the CNTs remained fixed onto the silicone sheet 

surface. Silicone rubber sheets coated with CNTs at densities of 1.0, 2.5, 5.0, 7.5, or 10 

μg/cm
2
 were prepared using each type of CNT for a total of 10 conditions; silicone sheets 

without CNTs (0 μg/cm
2
) were also prepared as uncoated silicone controls. 

 

2.2. Characterization of CNT-coated silicone 

2.2.1. Structural properties 

The surface morphologies of uncoated silicone and SWCNT- and MWCNT-coated 

silicone (10 μg/cm
2
) were observed using an atomic force microscope (AFM) 
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(MFP-3D-BIO-J; Asylum Technology Co. Ltd.., Tokyo, Japan). The scan size was set at 5 

μm, and the scan rate was 1 Hz. Section analysis was performed using IGOR Pro 6.12A 

software (Wave Metrics, Inc., OR, USA). 

Surface wettability was assessed by water contact angle measurements. Droplets of 

distilled water (2 µL) on the substrates were photographed horizontally with a digital 

microscope, and the contact angles were determined using the ImageJ 1.43e (NIH, USA) 

LB-ADSA plugin [31]. Three samples were used for the test. The mean values are 

presented with standard deviations (SD). 

 

 

2.2.2. Tape test 

 

The adhesion of the CNTs to the silicone surfaces was evaluated by the tape test. 

The test was performed with 10 μg/cm
2
 SWCNT- and MWCNT-coated silicone. 

CNT-coated surfaces were covered with a strip of adhesive tape (Scotch Tape; Sumitomo 

3M Co. Ltd., Tokyo, Japan), which was subsequently peeled off. The optical transparencies 

of the samples were measured with a luminous transmittance meter (STS-4; Fujikoden, 

Kanagawa, Japan) before and after tape peeling. The transparency of uncoated silicone was 

set at 100%. Measurements were performed on 5 samples each, and the results are 

presented as mean ± standard deviation (SD). AFM images after the tape test were also 

obtained. The scan size was set at 5 μm, and the scan rate was 1 Hz. 
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2.2.3. Sheet resistance 

The sheet resistance of both types of CNT-coated silicone was measured using a 

four-probe technique with a resistivity meter [32] (MCP-T 610; Mitsubishi Chemical 

Analytech Co. Ltd., Kanagawa, Japan). To evaluate changes in the resistance due to 

stretching, each sample was maintained at 20% uniaxial stretch, and sheet resistance was 

measured with the probe. The resistance of SWCNT-coated silicone (10 μg/cm
2
) after 

cyclic strain was also measured; sheet resistance was measured after 0, 1, 20, 40, 60, 80, 

and 100 cycles of uniaxial stretching. All measurements were performed using 12 samples. 

 

2.3. Cell culture assay 

2.3.1. Cell culture 

C2C12 myoblast cells were obtained from DS Pharma Biomedical (ECACC 

91021101, Osaka, Japan), and were grown in Dulbecco’s modified Eagle’s medium 

(DMEM; Sigma-Aldrich, MO, USA), supplemented with 10% fetal bovine serum (FBS; 

MP Biomedicals, Eschwege, Germany) under standard cell culture conditions (37°C in a 

humidified atmosphere of 5% CO2 in air). The culture medium was replaced every other 

day. Three types of scaffold were used in the cell culture assays: uncoated silicone, 

SWCNT-coated silicone (10 μg/cm
2
), and MWCNT-coated silicone (10 μg/cm

2
). 

 

2.3.2. Cell adhesion and proliferation 
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Cell adhesion and proliferation on the different coatings were determined by cell 

counting after 1 h, 6 h, and 3 days. Substrates were cut into rectangles (7 × 15 mm) and 

placed at the bottom of a 12-well microplate (Iwaki, Tokyo, Japan). The cells were seeded 

at a density of 1 × 10
5
 cells/well for the cell adhesion assay and 1 × 10

4
 cells/well for the 

cell proliferation assay. At 1 h, 6 h, and 3 days after cell seeding, the wells were washed 

with phosphate buffered saline (PBS), fixed with 2.5% glutaraldehyde, and stained with 

4′,6-diamidino-2-phenylindole (DAPI; Merck, Darmstadt, Germany). The cells were then 

observed under a fluorescence microscope (IX81; Olympus, Tokyo, Japan). Ten 

photographs of each substrate were acquired, and cell numbers were counted using ImageJ 

1.43e software. All experiments were performed with 3 samples. 

 

2.3.3. Cell morphology  

Cells cultured on each substrate for 1 h and 3 days were washed with PBS, fixed 

with 2.5% glutaraldehyde, dehydrated with increasing concentrations of ethanol (50%, 70%, 

80%, 90%, 95%, and 100%), and subsequently critical-point dried. The samples were 

coated with a thin layer of platinum-palladium and observed under a scanning electron 

microscope (SEM, S-4800; Hitachi, Tokyo, Japan). 

 

2.3.4. Immunofluorescence staining 

Immunofluorescence staining for F-actin and vinculin was used to investigate cell 

attachment and morphology. Cells cultured on each substrate for 3 days were washed with 
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PBS and fixed with 3.7% formaldehyde in PBS for 15 min. The cells were subsequently 

permeabilized with 0.1% Triton X-100 for 20 min and blocked with 1% bovine serum 

albumin in PBS for 30 min. Vinculin was visualized using a subcellular structure 

localization kit (Millipore, MA, USA) according to the manufacturer’s protocol. Briefly, 

cells were incubated using a 1:100 dilution of mouse anti-human vinculin for 1 h at room 

temperature; the cells were then labeled with a goat anti-mouse IgG FITC-conjugated 

secondary antibody. For nuclear and F-actin staining, cells were incubated with DAPI 

(1:1000) and rhodamine–phalloidin (1:1000), respectively, at 37°C in a humidified 

atmosphere for 45 min. Cells were visualized under a fluorescence microscope (BZ9000; 

Keyence, Tokyo, Japan). 

 

2.3.5. Fabrication of the SWCNT-silicone electrode and dielectrophoretic (DEP) patterning 

of C2C12 cells with SWCNT-coated silicone 

Thin films of SWCNTs (10 μg/cm
2
) were cut into squares and 2 films were 

positioned leaving a 1-mm gap between them. Silicone elastomer and cross-linker were 

then mixed, poured onto the film, and polymerized. These silicone-coated squares 

subsequently formed a face-to-face electrode. 

Cells were dispersed in dielectrophoresis buffer (Iworks Co. Ltd., Osaka, Japan) at 

a concentration of 1 × 10
6
 cells/mL. The cells were introduced onto the silicone electrode, 

and DEP was carried out using a multifunction generator (WF-1973; NF Co., Kanagawa, 

Japan) at 1 MHz, 8 Vpp AC voltage for 5 min. 
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2.4. Statistical analysis  

Each data point is expressed as mean ± SD. Differences was analyzed by ANOVA 

followed by Tukey’s multiple comparison test; p < 0.05 was considered statistically 

significant. 

 

3. Results  

3.1. Characterization of materials  

Typical AFM images are shown in Figure 2. Uncoated silicone had a relatively 

smooth topography with several rough spots (Figure 2A). The morphology of the CNT 

bundles could be clearly observed on each CNT-coated surface. SWCNTs formed long 

straight bundles distributed over the silicone surface (Figure 2B); meanwhile, MWCNTs on 

the surface had a relatively tangled and curled structure (Figure 2C). Section analysis 

showed that the CNT coatings increased the asperity of the surface. The contact angles on 

uncoated silicone, SWCNT silicone, and MWCNT silicone were 99.1° ± 0.9°, 99.5° ± 2.4°, 

and 96.1° ± 1.8°, respectively; there were no significant differences between groups. 

No apparent detachment of CNTs was observed in the tape tests. The optical 

transparency of the SWCNT-coated silicone before and after the tape test was 50.1% ± 

1.5% and 49.9% ± 1.5%, respectively; the transparency of the MWCNT-coated silicone 

before and after the tape test was 49.1% ± 1.3% and 49.2% ± 1.4%, respectively. Neither 

type of CNT-coating resulted in significantly higher transparency after the tape test. AFM 



- 11 - 

 

images after the tape test revealed some changes in surface morphology (Figure 3). The 

surfaces of both SWCNT- and MWCNT-coated silicone became more uneven compared to 

the surfaces before the tape test. Although the surface morphology was not clear, CNT 

bundles were still observed. 

Figure 4A shows the sheet resistance of the both types of CNT-coated silicone. The 

resistance decreased with increasing amounts of CNTs. However, there was a large 

difference between SWCNT- and MWCNT-coated silicones. The conductivity of 10µg/cm
2
 

SWCNT coating (0.86 kΩ/sq) was more than 1,700 fold greater than the same amount of 

MWCNT coating (1.5 × 10
3
 kΩ/sq). Although 1µg/cm

2
 SWCNT coating was conductive 

(4.2 × 10
3
 kΩ/sq), silicone coated with small amounts of MWCNTs (1, 2.5, and 5 µg/cm

2
) 

did not exhibit any conductivity at all (resistance beyond the measurement range); 

furthermore, even with large amounts (7.5 and 10 μg/cm
2
), the conductivity was far less 

than that of the SWCNT coating. At 20% stretch, the sheet resistance of SWCNT-coated 

silicone increased approximately 1.5 times. The sheet resistance of the MWCNT-coated 

silicone also increased with stretching; the resistance of 7.5 µg/cm
2
 MWCNTs increased 

beyond the measurable range. Figure 4B shows the sheet resistance of SWCNT-coated 

silicone (10 µg/cm
2
) measured after 100 cycles of uniaxial stretching. The resistance 

increased 1.5 times relative to the first 20% stretch but did not change significantly even 

after 100 cycles of stretching.  

 

3.2. Cell culture analysis 
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3.2.1. Cell adhesion and proliferation 

 

To investigate the potential usefulness of CNT-coated silicone as a tissue 

engineering scaffold, its biocompatibility was evaluated on the basis of the adhesion and 

proliferation properties of C2C12 cells. Cells exhibited different attachment speed with 

different coatings (Figure 5). After 1 h incubation, MWCNT-coated surfaces showed better 

cell attachment than SWCNT-coated surfaces. At 6 h, the cell numbers on both surfaces had 

increased, but more remained on the MWCNT-coated surfaces. Uncoated silicone did not 

support cell adhesion at either time point. SEM images corroborate the cell adhesion data 

(Figure 6). Cells were observed on both SWCNT- and MWCNT-coated silicone (Figure 6B, 

C). In contrast, cells attached very poorly to the untreated surface (Figure 6A).  

Figure 7 shows cell proliferation 3 day after seeding. Significantly more cells were 

present on both CNT-coated surfaces than on uncoated silicone. The SEM images of cells 

cultured on each substrate at 3 days are shown in Figure 8. Cells seeded on CNT-coated 

silicone proliferated well and covered most of the surface, while hardly any cells were 

found on uncoated silicone. 

Representative immunofluorescence images of vinculin (a focal adhesion protein) 

and F-actin are shown in Figure 9. Unlike uncoated silicone, both types of CNT-coated 

silicone were covered with proliferated cells. Vinculin staining revealed clusters at the 

periphery of the cells that were co-localized with the ends of actin fibers. This expression of 

focal adhesion proteins indicates the existence of cell–substrate adhesion. The vinculin 
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clusters could be seen more clearly on MWCNT-coated silicone than on SWCNT-coated 

silicone (Figure 9, insets). 

 

3.2.2. DEP with SWCNT-coated silicone. 

A schematic illustration of an SWCNT-coated silicone electrode is shown in Figure 

10A. One sheet of silicone was divided into 2 regions: a black SWCNT-coated part and a 

transparent uncoated part. When an electric field (8 Vpp, 1 MHz) was applied, cells 

dispersed in the buffer immediately attracted between the electrodes and aligned 

themselves in a pearl-chain pattern within 5 min (Figure 10B). The cell aggregation 

increased until the voltage was turned off.  

 

4. Discussion  

The objective of this study was to fabricate a flexible electro-conductive scaffold 

that can contribute to cellular organization. To create such scaffold, we coated silicone 

sheet surfaces with CNTs. This coating layer enabled C2C12 cells to adhere to the silicone 

sheet and also provided electro-conductivity, which was maintained after cyclic stretching. 

On the basis of these properties, cell alignment with DEP was performed on the 

CNT-coated silicone, which acted as a flexible electrode.  

In a previous study, we created coated silicone by dispersing CNTs on a 

prefabricated silicone sheet. However, the CNT coatings were not sufficiently fixed. To 

solve this problem, we adopted a fabrication method that involved polymerizing silicone 
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over a thin film of CNTs. In this method, one side of the CNT film was fixed onto the 

silicone while the other side remained exposed to the surface (Figure 2B, C).The adhesion 

of the CNTs to the silicone surfaces was evaluated by the tape test. From the AFM images 

after the tape test, both SWCNT- and MWCNT-coated surfaces became more uneven, and 

some prominences were observed (Figure 3). These deformations were probably due to the 

adhesive force of the tape. However, since CNT bundles were observed after the tape test, 

most of the CNTs were considered to be fixed to the silicone surface. The optical 

transparency results indicated that negligible CNT coatings were removed due to the tape 

test, even though some CNTs on the surface layer may have detached. The AFM images 

and optical transparency indicate that both types of CNTs were fixed to the silicone surface 

using this coating method. 

The biocompatibility of CNT-coated silicone was evaluated by assessing the 

adhesion and proliferation of C2C12 cells (Figures 58). The improvements in cell 

adhesion and proliferation with CNT coatings are probably due to the changes in surface 

topography. The nanoscale surface topography of artificial materials plays a significant role 

in modifying cell behavior [33,34]. Many studies show that nanotopography affects cellular 

responses such as adhesion, proliferation, and migration. Kobayashi et al. evaluated cell 

adhesion and growth on silicone sheets with different degrees of roughness and reported 

that cell adhesion increases with increasing surface roughness [35,36]. In the present study, 

both types of CNTs formed a net-like structure on the silicone surface (Figure 2B, C) and 

enhanced cell adhesion. As mentioned in section 1, the diameter of collagen fibrils is 
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around 40–100 nm [18,19]; the fibrils consist of collagen molecules 1.5 nm wide and 300 

nm long [17]. The diameters of MWCNTs and SWCNTs in this study were 20–40 and 

0.8–2.5 nm, respectively. As seen in Figure 2B, SWCNTs assembled as thick bundles. The 

geometric similarity of CNTs to collagen fibrils might be responsible for their enhancement 

of cell adhesion. 

Initial attachment to MWCNTs was better than to SWCNTs (Figure 5). Moreover, 

focal adhesions were observed more clearly on MWCNTs (Figure 9). These differences are 

probably due to the structural differences between SWCNTs and MWCNTs. The results of 

the present study are corroborated by our previous results in that vinculin expression was 

altered and osteoblastic cells strongly adhered to MWCNTs [16]. However, cell 

proliferation was favorable on both types of CNT coatings, and cell numbers after 3 days 

were not significantly different (Figure 7). Martínez et al. report that substrate topography 

directly affects cell attachment and orientation; however, the effects of topography on cell 

proliferation and differentiation remain unclear [34]. Our results on attachment and 

proliferation on both types of CNT sheet are concordant with these previously reported 

results. 

The wettability of the 3 different surfaces was evaluated to further investigate cell 

attachment. However, there were no significant differences in the contact angles between 

the 3 surfaces. Our previous results also indicate a lack of differences in the contact angles 

between uncoated silicone and CNT-coated silicone. Thus, in the case of CNT-coated 

silicone, we consider that the cell adhesion was due to the change in surface structure rather 
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than surface energy. 

The difference in the electro-conductivity between SWCNT- and MWCNT-coated 

sheets is also likely due to structural differences between the CNTs. As shown in Figure 2, 

MWCNTs have a curled, short structure, whereas SWCNTs are long and straight. 

Electricity probably flows more efficiently through the fine network of SWCNTs; therefore, 

SWCNT-coated silicone exhibits the highest electro-conductivity. There are several reports 

on thin conductive film using SWCNTs; conductivity in those reports was 0.24.3 kΩ/sq 

[3740]. The sheet resistance of the SWCNT sheet (10 μg/cm
2
) fabricated in this study was 

approximately 0.8 kΩ/sq (Figure 4A). Even after 100 cycles of stretching, the resistance 

had increased 1.5 times (Figure 4B) but was still comparable with previously reported 

values.  

To take advantage of the electrical properties of CNTs, DEP was tested as one of 

the potential applications of CNT scaffolds. Based on the results of the surface conductivity 

test, 10 μg/cm
2
 SWCNT coating was chosen as the electrode for DEP. The SWCNT 

electrode pattern was fabricated on 1 flexible silicone sheet using this coating method. 

Figure 10B shows the sheet 5 min after the application of an AC electric field. Cells were 

successfully arranged in a pearl-chain pattern between the SWCNT-coated regions. Ho et al. 

studied liver cell patterning using DEP and reported radial pearl-chain patterns on planar 

electrodes [41]. They concluded that this technique can be applied in tissue engineering and 

drug development. The DEP results of the current present study indicate that the 

electro-conductivity of SWCNT coating is sufficient for use as an electrode for cell 
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patterning. 

These results show that CNT coatings on a silicone surface provide both cellular 

adhesion and electrical conductivity. With these unique properties, cells seeded on 

CNT-coated scaffolds can be organized using electricity and can be transplanted into the 

body. Furthermore, silicone exhibits high oxygen permeability [42], which is an advantage 

when it is implanted. However, in vivo experiments using this scaffold have not been 

performed yet. This warrants evaluation of the reaction of surrounding tissue after 

implantation and confirmation of the long-term stability of these coatings before they can 

be considered for clinical use. After their safety in the human body is confirmed, the 

widespread application of these kinds of materials, including their use as electrically 

conductive tissue scaffolds or implantable electrodes, will be possible. 

 

5. Conclusions 

In this study, scaffolds exhibiting good cell adhesion and high electro-conductivity 

were developed. Coating with both SWCNTs and MWCNTs enabled cell adhesion to the 

silicone surface; C2C12 cells exhibited good proliferation on both types of CNT-coated 

silicone. SWCNT-coated silicone exhibited the best electro-conductivity, which was 

maintained even after 100 cycles of stretching. To take advantage of these properties, DEP 

was tested as a potential application of these scaffolds; using DEP, cells were successfully 

arranged on the scaffold. These findings indicate that CNT-coated silicone is beneficial for 

tissue organization and can be considered a useful material for biomedical scaffolds.  
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Figure Legends 

 

Figure 1 Illustrations of the structure of a (A) graphene sheet, (B) SWCNT, and (C) 

MWCNT.  

 

Figure 2 Typical AFM images and section analyses of differently coated silicone surfaces: 

(A) Uncoated silicone, (B) SWCNT-coated silicone, and (C) MWCNT-coated silicone. 
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Figure 3 AFM images after the tape-peeling test. (A) SWCNT-coated silicone and (B) 

MWCNT-coated silicone. 

 

Figure 4 (A) Sheet resistance of both types of CNT-coated silicone, and resistance of 20% 

stretched silicone. (B) The sheet resistance of SWCNT-coated silicone (10 μg/cm
2
) was 

measured after 0, 1, 20, 40, 60, 80 and 100 cycles of uniaxial stretch. All measurements 

were performed with 12 samples. 
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Figure 5 Cell numbers after 1-h and 6-h incubation. Data are expressed as the mean ± SD (n 

= 3). Values were compared to uncoated silicone. * Statistically significant (p < 0.05). 

 

 

Figure 6 SEM images after 1 h incubation on differently coated substrate: (A) Uncoated, 

(B) SWCNTs, and (C) MWCNTs. 
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Figure 7 Cell numbers after 3-day incubation. Data are expressed as the mean ± SD (n = 3). 

Values were compared to uncoated silicone. * Statistically significant (p < 0.05). 

 

 

Figure 8 SEM images after 3-day cultivation on differently coated substrate: (A) Uncoated, 

(B) SWCNTs, and (C) MWCNTs.  
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Figure 9 Representative immunofluorescence images of C2C12 cells on the differently 

coated substrates after 3 day. Cells were stained for vinculin (green), F-actin (red), and 

nuclei (blue). Insets show magnified images, and arrows indicate focal contacts. 
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Figure 10 (A) Schematic illustration of the silicone electrode. A silicone sheet was divided 

into a CNT-coated area (both ends) and an uncoated area. (B) Optical microscope image of 

C2C12 cells after application of an AC electric field. The cells were aligned between the 

CNT electrodes. The black area to the right is the SWCNT-coated region and the 

neighboring transparent area is the uncoated region. 

 


