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ABSTRACT 

Poly(ethylene glycol) (PEG) functionalized single-walled carbon nanotubes (SWCNTs) were covalently grafted on the 
titanium surface with the aim to provide a new platform for human osteoblast cells (HOCs) attachment. Water contact 
angle, X-ray photoelectron spectroscopy (XPS), and atomic force microscopy (AFM) results revealed that the PEG- 
functionalized SWCNTs were successfully grafted onto titanium surfaces. Cell viability and proliferation showed that 
the number of viable cells in culture medium increased with the incubation time for both titanium and SWCNT-modi- 
fied titanium samples, although the SWCNT-modified titanium presented lower cell viability compared to titanium. 
Cell adhesion experiments suggested that there were no obvious differences in the number of cells adhered on the tita- 
nium and PEG-SWCNT-modified titanium, and the number of adhered cells increased with the culture time. To our best 
knowledge, for the first time the PEG functionalized SWCNTs were grafted on the titanium surface for human os- 
teoblast cell adhesion and growth. The strategy introduced in the present study provides a new idea for the matrix 
preparation based on CNTs and titanium for the biological application and the new SWCNT-titanium platform has po- 
tential applications in implantable materials and bone tissue engineering. 
 
Keywords: Carbon Nanotube; Titanium; Osteoblast 

1. Introduction 

Carbon nanotubes (CNTs) hold a great promise in bio- 
medical applications, such as drug delivery agents, bio- 
sensors, bone scaffolds materials, and others due to their 
unique structural, mechanical and electronic properties 
[1-6]. It has been reported that the modified CNTs can 
deliver peptides and ribonucleic acid (RNA) into cells 
without causing cytotoxicity [7-9]. Clearly, the studies 
that obtained good cell viability present some kind of 
purification (to remove metallic particles dispersed 
around CNTs and amorphous carbon) or functionaliza- 
tion of the CNT. Some researchers paid more attention to 
developing structure-controllable nanocomposites and 
3D scaffolds for cell seeding and growth due to the high 
aspect ratio, stiffness and strength of individual CNTs 
[10,11]. However, the relative biocompatibility of CNTs 
has caused some controversy. For example, many studies 
show that CNTs have a cytotoxicity when dispersed in 
cell culture [12-14]. Some results have shown that both 
CNTs and functionalized CNTs can enhance cell viabi- 
lity and cell function [11,15-20]. Different conclusions 
from other studies indicated that both CNTs and fun-  

ctionalized CNTs could not increase cell viability and 
may even increase cytotoxicity in some cases [21-23]. 
The main reason for this phenomenon is that the biocom- 
patibility of CNTs depends on many parameters, such as 
the CNT type (single- or multi-wall) and purity, the 
length of the tubes, and the type of functionalization as 
well as the molecular properties of the conjugated groups. 

In recent years, CNTs have attracted a great deal of 
attentions as bone replacement materials because of their 
biocompatibility with human osteoblast cells. A recent 
study showed that CNTs coated with poly(carbonate) 
urethane can provide very high nanosurface roughness 
which could provide greater hydrophilic surfaces although 
pure CNT surfaces were extremely hydrophobic [25]. 
The modified CNTs also can enhance adsorption of fib- 
ronectin, which is well known to be critical for mediating 
the adhesion of anchorage-dependent cells, rendering en- 
hanced cellular functions and tissue growth [24,25]. The 
osteoblast cell study on poly-L-lactide (PLLA)/MWC- 
NTs (multi-walled CNTs) composites showed that the 
incorporation of MWCNTs into PLLA can obviously 
enhance the mitochondrial dehydrogenase (MD) activity 
[26]. However, no significant differences of cell viability 
were found for PLLA/MWCNTs composites and con- *Corresponding author. 
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trols. The authors believed that the composites had po- 
tential applications in bone tissue engineering. Overall, 
most current researches showed that the incorporation of 
CNTs into other biomaterials (polymer or inorganic ce- 
ramics) induced a nanostructural surface of the pores of 
composites which was thought to be beneficial for the 
cell attachment and proliferation [27].  

Titanium has been widely used in orthopedic implants, 
such as human bone replacement and dental materials 
due to its excellent mechanical, anticorrosive and bio- 
compatibility characteristics [28]. However, the limited 
surface bioactivity cannot modulate the interface biolo- 
gical reactions between titanium and living tissue, lead- 
ing to some problems, such as poor binding ability to 
bone tissue. Surface modification of titanium holds a 
great promise to further improve its biocompatibility [29- 
32]. In the past decades, many extracellular matrix (ECM) 
proteins were introduced onto the titanium surface to 
provide growth microenvironments of osteoblast cells 
[33-37], resulting in improved biocompatibility. Even so, 
so far the real bonding to bone has not been achieved 
after implantation in the early (<6 months) post-implan- 
tation period [38]. 

A recent report demonstrated that the CNTs coatings 
on titanium surface fabricated by electrodeposition have 
excellent biocompatibility and can be used for surface 
treatment as a binder for cell-adhesive protein adsorption 
on the Ti surface [39]. Compared with the titanium with- 
out CNTs, the parallel MWCNTs on titanium surface 
could enhance osteoblast functions, alkaline phosphatase 
activity and calcium deposition [40]. One aspect that is 
characteristic of these CNTs on titanium surface is that 
the CNTs are physically adsorbed to the substrate. It is, 
however, desirable to covalently bind CNTs to the sub- 
strate. Functionalization of CNTs and titanium is neces- 
sary because both lack chemically reactive groups. 
Polyethylene glycol (PEG) has a low toxicity and is 
widely used in biomaterials. Functionalized CNTs with 
PEG could not only decrease the potential toxicity of 
CNTs but also provide the reactive groups on the surface 
of CNTs. 

In the present study, it was hypothesized that grafting 
CNTs on titanium surface can enhance the biocompa-  

tibility, i.e. cell adhesion and proliferation, of titanium 
substrate. The aim of this study was to test if the grafted 
CNTs on titanium surface can affect the biocompatibility 
of substrate. To this end, the titanium surface was fun- 
ctionalized to introduce isocyanate groups which can 
react with hydroxides on PEG-functionalized CNTs, re- 
sulting in covalently binding CNTs to titanium surface. 
This new substrate was used to provide the platform for 
human osteoblast cell attachment and growth. To the best 
of our knowledge, it is the first time to investigate the 
osteoblast cells behavior on the PEG functionalized 
SWCNTs scaffold. The present study could contribute 
toward the understanding of interactions between PEG- 
functionalized SWCNTs and osteoblast cells and may 
have the potential application of CNTs in bone mate- 
rials. 

2. Materials and Methods 

2.1. Materials and Reagents 

The titanium samples were obtained by depositing pure 
titanium on silicon wafer by physical vapor deposition. 
The thickness of the deposited titanium film was appro- 
ximately 50 nm. The silicon wafer was cut into 10 × 10 
mm slides before use. The PEG functionalized SWCNTs 
were purchased from Sigma-Aldrich (Shanghai, China) 
and used as received.  

The following reagents were purchased from Sigma- 
Aldrich (Shanghai, China) and used as received: 3-(4,5- 
Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro- 
mide (MTT), aminopropyltrimethoxysilane (APTMS), 
hexamethylene diisocyanate (HMDI), Dimethyl sulfoxi- 
de (DMSO), and tetrahydrofuran (THF). The other re- 
agents used in this study were bought from VWR (Ger- 
many) if not specified otherwise. 

2.2. Grafting PEG-Functionalized SWCNTs on 
Titanium Surface 

The schematic procedure of grafting PEG functionalized 
SWCNTs on titanium surface is shown in Scheme 1. The 
titanium samples (10 × 10 mm) were firstly sonicated in 
acetone, ethanol and distilled water for 10 min in sequence  

 

 

Scheme 1. Schematic diagram of grafting PEG-functionalized SWCNTs on Ti surface. 
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and dried by high-pressure compressed air. The cleaned 
samples were then treated 5 min by O2 plasma. After 
rinsing with excess deionized water, the samples were 
immersed into 10 mM APTMS ethanol solution for self- 
assembly for 24 hours. The samples were then taken out 
and sonicated in ethanol and deionized water for 10 min, 
respectively. The self-assembled samples were immersed 
into the 100 mM HMDI THF solution. After reacting for 
24 hours, the samples were sonicated in THF and dried 
by air, rendering an isocyanate surface. 

The PEG-functionalized SWCNTs were covalently 
grafted onto titanium surface by incubating the isocya- 
nate surface with 1 mg/mL DMSO solution of PEG- 
functionalized SWCNTs. The substrates were cleaned 
with water after reacting for 24 hours and dried by high- 
pressure compressed air. 

2.3. Water Contact Angle 

The DSA10 drop shape analysis system was used to mea- 
sure the water contact angle of all samples using Milli- 
pore water. The initial drop volume was 10 µL and the 
dosing rate was set to 10 µL/min for every measure- 
ment. The entire measurement consisted of 10 individual 
measurements, with one-second intervals, over which the 
average advancing contact angle and standard deviation 
were calculated. All measurements were performed at 
room temperature. 

2.4. Surface Chemical Structure 
Characterization 

The surface chemical structures of original titanium, 
APTMS, HMDI and SWCNTs-modified titanium sur- 
faces were investigated by XPS. The XPS measurements 
were done by a Quantum 2000 XPS Apparatus (PHI Co., 
Chanhassen, MN) with a focused monochromatic Al Kα 
X-ray source (1486.6 eV) for excitation. The power of 
the X-ray source was kept at 25.7 W. Multipak software 
provided by the manufacturer and XPSpeak software 
were used for curve-fitting and data analysis. Measure- 
ments were performed at takeoff angles of 45˚. 

2.5. AFM Characterization 

Nanoscope IV multimode AFM (Digital Instruments, 
Santa Barbara, USA) was used to examine the surface 
topography of titanium and SWCNTs modified samples 
using tapping mode at room temperature. Standard Si 
cantilever tips from Digital Instruments were used at 1 - 
2 Hz of scan rate. The height and phase images were 
obtained simultaneously and all images were subjected to 
the first order flatten before further analysis. 

2.6. Cell Culture 

Osteoblasts (CAL-72), derived from human osteosar- 

coma (ACC439), were purchased from Wuxi BioHermes 
Co., Ltd of China. These cells were cultured in Dul- 
becco’s modified eagle medium (DMEM, Sigma) con- 
taining fetal bovine serum at 37 in a humidified 5% CO2 
atmosphere. Subsequently, the cells were removed by 
trypsination, washed with DMEM, re-suspended in DMEM, 
and then used for cell study. 

2.7. MTT Assays 

The MTT assay is colorimetric assay for measuring the 
activity of enzymes that reduce MTT to formazan dyes 
which have a maximum light absorbance at 570 nm after 
dissolved in DMSO, giving a purple color. It can be used 
to assess the viability (cell counting) and the proliferation 
of cells because reduction of MTT can only occur in 
metabolically active cells and the level of activity is a 
measure of the viability of the cells. For MTT assay, be- 
sides cells deposited on substrates, other cells will remain 
in culture plate. Therefore, the cells remaining in culture 
plate could be used to indirectly measure the cells ad- 
hered on substrates because the seeded cells are same for 
each culture pores. In the present study, the purpose of 
MTT assay was used to investigate the effects of as- 
prepared samples on cell viability in culture medium by 
measuring the percentage of viable cells cultured with 
samples to that of reference control culture plate. It also 
was utilized to examine cell proliferation by measuring 
the OD optical density of viable cells in culture medium 
when cultured with samples for different time. 

Osteoblast cell viability and proliferation were deter- 
mined by MTT colorimetric assay. For this purpose, the 
titanium and SWCNT-titanium samples (each group had 
four samples) were sterilized with 75% ethanol for 12 
hours and placed in culture plates. 2 mL of the human 
osteoblast cells, which were cultured in DMEM supple- 
mented with 10% fetal bovine serum, were seeded in 
each well at a concentration of 10,000 cells/mL. The in- 
cubation was performed under 5% CO2 atmosphere and 
at 37˚C for 1, 3, 7 days, respectively. After each incuba- 
tion period, the samples were removed from the respe- 
ctive wells. Subsequently, 10 µL of MTT (5 mg/mL) was 
added to each well, resulting in a final MTT concen- 
tration of 0.5 mg/mL. The cells were incubated for an- 
other 4 hours. The produced blue precipitate was dis- 
solved by adding 100 µL of DMSO and incubated over- 
night. After complete solubilization of the dark-blue 
crystal of MTT formazan, the absorbance of the content 
of each well was measured at 570 nm with a 96-well 
microplate reader on a Power HT spectrophotometer 
(Bio-Tek Instruments GmbH, Bad Friedrichshall, Ger- 
many). The optical density is directly proportional to the 
number of living cells in culture. The results have been 
presented in percentage, adopting in 100% of transmit- 
tance for reference cells, i.e. cultures without blank ti- 
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tanium or PEG-SWCNTs modified titanium samples. 

2.8. Cell Adhesion 

The cell adhesion of human osteoblast cells on the tita- 
nium and SWCNT-titanium surfaces was examined at 
incubation periods of 1, 3, and 7 days, respectively. After 
each incubation period, the samples were gently rinsed 
twice with Phosphate buffered saline (PBS) to remove 
the non-adhered cells. The attached cells on the sub- 
strates were then fixed in 3% glutaraldehyde in 0.1 M so- 
dium cacodylate buffer for 1 h and dehydrated in a graded 
ethanol solution (25%, 50%, 75%, 90%, and 100%) se- 
ries for 10 min. After this, the samples were dried at room 
temperature for 30 min. Cell adhesion was evaluated by 
scanning electron microscopy (SEM, Leica S440i, Cam- 
bridge, UK) after deposition of a thin gold layer. 

3. Results and Discussion 

3.1. Surface Modification of Titanium by 
Grafting CNTs 

Table 1 presents the water contact angle results of tita- 
nium surface after each modification step. The water 
contact angle decreased from 75.8˚ ± 0.26˚ for titanium 
surface to 66.9˚ ± 0.97˚ for APTMS modified titanium 
surface because of the introduction of amine groups after 
self-assembly of APTMS, which indicates that an APT- 
MS layer formed on the titanium surface. The water 
contact angle further decreased after grafting SWCNTs 
although the CNT surface is extremely hydrophobic. 
Two reasons could contribute to this result, one is be- 
cause the PEG molecules on SWCNTs surface have 
more hydrophilic activity, and another is because graft- 
ing CNTs on titanium surface could produce higher sur- 
face roughness at the nanoscale which provides larger 
hydrophilic surfaces [24]. The water contact angle of 
HMDI reacted samples was not measured because the 
isocyanate groups can react with water during measuring 
contact angle, which leads to inaccurate results. 

The surface chemical structure of samples after each 
modification was investigated by XPS. Typical survey 
spectra of the blank titanium surface, APTMS-modified, 
HMDI-modified and SWCNTs-modified surface are 
shown in Figure 1. The corresponding elemental concen- 
trations of different samples are shown in Table 2. The 
blank titanium surface showed Ti2p, O1s, as well as C1s 
and a weak N1s core level line, indicating that the normal 
contamination of samples exposed to air. After deposi- 
tion of APTMS layer, the relative intensity of the C1s 
peak increased concurrently with an occurrence of the 
strong Si2p and N1s, suggesting successful self-assembly 
of APTMS on titanium. The relative intensity of the N1s 
further increased after reacting with HMDI because the  

Table 1. Water contact angle values for the modified 
samples. 

Titanium APTMS-modified SWCNT-modified 

75.8˚ ± 0.26˚ 66.9˚ ± 0.97˚ 63.5˚ ± 1.03˚ 

 
Table 2. Surface composition of the modified samples by 
XPS analysis. 

Compositions (at%) 
Samples 

C1s N1s O1s Si2p Ti2p 

Titanium 20.67 1.94 47.51 0.00 29.88

APTMS modified 46.58 8.50 29.39 12.11 3.43 

HMDI modified 44.18 9.90 31.89 7.69 6.35 

SWCNTs modified 57.01 7.68 26.62 4.11 4.58 

 
HMDI contains two nitrogen atoms in its chemical stru- 
cture. The N1s density decreased after grafting CNTs 
because of the high increase of C1s. The decrease of Si2p 
intensity after each modification step is because the 
applied molecules cover titanium surface step by step, it 
also can be used to explain why the intensity of Ti2p de- 
creased after each reaction. Figure 2 shows the C1s 
Gaussian-Lorenzian curve deconvolution of APTMS- 
and SWCNT-modified samples. The C1s high resolution 
spectrum of APTMS-modified titanium sample can be 
fitted three peaks, which are corresponding to C−C (285.2 
eV), C−Si (284.7 eV) and C−N (285.6 eV), respectively, 
which is consistent with the chemical structure of 
APTMS. After grafting the PEG functionalized SWCNTs, 
in addition to sp2 C=C/sp3 C−C (285.2 eV), C−N (285.8 
eV) and C−Si (284.7 eV), the occurrence of C−O (286.6 
eV), COO (288.8 eV) and >C=O (287 eV) indicates that 
PEG-functionalized SWCNTs were successfully grafted 
on the titanium surface. 

In order to detect the existence of SWCNTs on the 
titanium surface, AFM was used to characterize the sur- 
face topography of modified and control samples. Figure 
3 shows the AFM images of titanium and CNT-titanium. 
It can be found that SWCNTs were distributed on the 
titanium surface randomly. The nanosurface caused by 
immobilizing SWCNTs on titanium can provide more 
hydrophilic activity than titanium, which was confirmed 
by water contact angle experiments. Taking all these re- 
sults into consideration, we confirmed that the PEG func- 
tionalized SWCNTs were successfully grafted on tita- 
nium surface. 

3.2. Cell Viability and Proliferation 

The cell viability and proliferation were examined by 
MTT assay. The MTT assay is a standard colorimetric 
assay for measuring the activity of enzymes that reduce 
MTT to formazan. It can be used to measure the concen- 
tration of living cells in culture medium because only 
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Figure 1. Representative XPS survey spectra of blank Ti surface, APTMS-modified, HMDI and SWCNT-modified Ti sur-
faces. 
 

 
(a)                                           (b) 

Figure 2. Gaussian-Lorenzian curve deconvolution of C1s high resolution spectra of APTMS-modified (a) and SWCNT- 
modified (b) samples. 
 

viable cells can express the mitochondrial dehydrogenase 
enzyme to cleave the tetrazolium rings of the MTT and 
form dark blue formazan crystals [37]. Therefore, the 
MTT results can reveal the cell viability and prolife- 
ration. 

 

The cell viability obtained by MTT assays is shown in 
Figure 4(a). It was expressed as the percentage of viable 
cells cultured with samples to that of reference plate 
when cultured for the same time. The cell viability of 
osteoblast cells incubating on the titanium sample was 
higher than 95% after culturing 1 day and the value 

Figure 3. AFM images of Ti (a) and SWCNT-modified Ti (b) 
surfaces. 
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reached to about 100% after culturing for 3 days. The 
cell viability decreased significantly after culturing for 7 
days, indicating that viable cells in culture medium con- 
taining titanium sample was less than that of reference 
plate, the cell proliferation in culture medium may have 
been prevented to some degree. For the SWCNT- 
modified samples, the cell viability was higher than 75% 
after culturing for 1 day and increased to 78% after cul- 
turing for 3 days, which means no toxicity after 3 days 
incubation. However, the same as titanium, the cell viabi- 
lity decreased remarkably after culturing for 7 days to 
reach 54%. It suggests that the SWCNTs-modified ti- 
tanium surface could inhibit cell differentiation to some 
degree. On the whole, the cell viability of osteoblast cells 
culturing with titanium and SWCNT-titanium decreased 
with the increase of culture time. It suggested that, as 
compared to reference cell (the cells in culture plate 
without any blank titanium and SWCNT-titanium), both 
titanium and SWCNT-titanium could cause reduced cell 
viability in culture medium. So, the osteoblast cells cul- 
tured with titanium or SWCNT-titanium showed a rela- 
tive low proliferation rate as compared with reference 
osteoblast cells. Even so, it does not mean that cell can- 
not proliferate when cultured with titanium or SWCNT- 
titanium. It is concluded that the titanium or SWCNT- 
titanium may have cytotoxicity when both of substrates 
were exposed to culture medium containing osteoblast 
cells. On the other side, more cells attached onto sub- 
strates when cultured more time may also contribute to 
decreased cell viability in culture medium. The increase 
of adhered cells would result in decrease of viable cells 
in culture medium. 

On the other side, it can be clearly found from Figure 
4(a) that the cell viability of titanium is larger than that 
of SWCNT-titanium in the whole measure time, indica- 
ting that the growth rate of osteoblast cells culturing with 
SWCNT-titanium is lower than that of culturing with 
titanium. The decrease of cell viability may be related to 
the nature of the substance itself as well as to its surface 
state. Grafting CNTs on titanium surface provides nano- 
surface and more roughness which is very important for 
cell behavior [42], rendering decreased cell viability. The 
PEG on the CNTs may be another factor contributing to 
decreased cell viability. 

Figure 4(b) shows the optical densities of osteoblast 
cells in culture medium interacting with titanium and 
SWCNT-titanium for 1, 3, 7 days, respectively. It can be 
found that the optical densities of both titanium and 
SWCNT-titanium increased with the increase of culture 
time, suggesting cell proliferation. On the other side, 
after culturing 3 and 7 days, the optical densities of vi- 
able cells were larger than that of the control cells after 
culturing 1 day, indicating both titanium and SWCNT- 
titanium have no obvious toxicity to osteoblast cells. The  

 
(a) 

 
(b) 

Figure 4. (a) Human osteoblast cells viability curve mea- 
sured by MTT assay. The percentage of cell viability is cal- 
culated by adopting in 100% of transmittance for reference 
cells, i.e. cultures without materials; (b) OD values of osteo- 
blast cells in culture medium when cultured for 1, 3, and 7 
days, respectively. The change of OD values represents the 
cell proliferation of osteoblasts cultured in culture plate. 
 
optical density of osteoblast cells incubated with titanium 
was larger than that of SWCNT-titanium, suggesting 
more proliferation. Based on these results, it may be 
concluded that the PEG functionalized SWCNTs do not 
induce cytotoxic response and cells can adhere and grow 
on SWCNT-titanium surface because the cell number 
increased with the increase of culture time. 

From the data shown in Figure 4, it can be seen that 
the osteoblast cells can proliferate although there was a 
significant reduction in cell viability when cells were 
grown on CNT-modified titanium surface. So, the advan- 
tage of the present study may provide a new surface 
treatment method to prepare a novel platform for oste- 
oblast cell adhesion. By altering the functional group 
(such as carboxyl group) on SWCNT surface and on 
titanium (such as amine, hydroxyl, etc), new surface 
treatment route would be developed. On the other side, it 
can be seen that titanium surface would become more 
hydrophilic after grafting SWCNT, therefore, the method 
in this study could be used to improve surface hydro- 
philicity of titanium and then the modified surfaces may 
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be used in other biomaterials field such as blood-con- 
tacting biomaterials or non-fouling biomaterials. 

3.3. Cell Adhesion 

Figure 5 shows the typical SEM images of adhered cells 
on titanium and SWCNT-titanium when culturing for 
different periods. It can be seen that there was no obvious 
difference of cell adhesion between titanium and SWCNT- 
titanium when culturing for different time, indicating that 
the immobilized CNTs did not prevent cell adhesion and 
growth as compared with titanium substrate. The analysis 
of Figure 5 shows that the osteoblast cells adhered on 
both titanium and SWCNT-titanium spread flat to cover 
the sample surface after culturing for 1 day. It was sug- 
gested that the cell can adhere and spread well on both 
substrates. After 3 days of culture, the cells still spread 
well to encounter the neighbor cells to form a cell mono- 
layer. The cells spread with no preferential direction, 
since they acquire a roughly flat form over the surface. 

It is well known that the adhered osteoblast cells on 
substrate could proliferate to form multilayer cells and 
the adhered cells will synthesize and secrete type I colla- 
gen so that it can mineralize to form bone nodule [35,36]. 
It appears from Figure 5 that after 7 days of culture the 
first cell layer may covered by many other particle-like 
substances which may be the proteins secreted by the 
adhered cells. These secreted proteins could provide ex- 
tracellular matrix for hydroxyapatite (HA) growth to 
form bone. Whether these proteins can enhance cell ad- 
hesion and growth or HA growth will be confirmed in 
future work. The magnified SEM images further suggest 
that many particle-like substances form on the first cell 
layer. Clearly, it is not osteoblast cells. What are these 
particles and why the cells produce these particles will be 
further studied in future work. Also, it appeared that 
there was a tendency that more particles form on SW- 
CNTs modified titanium substrate. It was suggested that 
the SWCNTs on titanium surface may enhance the fun- 
ction of adhered osteoblast cells.  

The overall observation showed that the PEG-func- 
tionalized SWCNTs were not obviously toxic to the 
osteoblast cells since the number of adhered cells in- 
creased significantly with increase of culture time and 
the adhered cells secreted proteins after culturing for 7 
days. 

4. Conclusion 

We demonstrated the grafting of PEG functionalized 
SWCNTs on titanium and investigated the cell viability, 
proliferation and adhesion on PEG-SWCNT-titanium 
substrates. Although osteoblast cells incubating with the 
titanium sample presented higher cell viability than that 
of SWCNTs-modified samples, the MTT results showed  

 

Figure 5. Representative SEM images of adhered cells on 
titanium and SWCNT-titanium, culturing for 1, 3, 7 days, 
respectively. The last two images show the larger magnifi-
cation surface morphology of the Ti and SWCNT-Ti after 
culturing 7 days. 
 
that the grafted SWCNT had no cell toxicity because the 
optical density of living cells increased with the increase 
of culture time. Cell adhesion results suggested that there 
were no obvious differences between unmodified tita- 
nium and SWCNT-titanium. The results of this present 
study suggested that the SWCNTs grafted on titanium 
had no cytotoxicity for osteoblast cells, demonstrating its 
potential as the orthopedic materials. The strategy intro- 
duced in the present work provides a new idea for the 
matrix preparation based on CNTs and titanium for the 
biological application and the new SWCNT-titanium 
platform has potential applications in implant materials 
and bone tissue engineering. 
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