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Abstract

Carbon nanotubes can carry protein into cells to induce biological effects. Amino-functionalized
carbon nanotubes are soluble and biocompatible, have high reactivity and low toxicity, and can
help promote nerve cell growth. In this study, amino-functionalized ethylenediamine-treated
multi-walled carbon nanotubes were used to prepare carbon nanotubes-nerve growth factor
complexes by non-covalent grafting. The physicochemical properties, cytotoxicity to PC12 and
chick embryo dorsal root ganglion, and biological activity of the carbon nanotubes-nerve growth
factor complexes were investigated. The results showed that amino functionalization improved
carbon nanotubes-nerve growth factor complex dispersibility, reduced their toxicity to PC12
cells, and promoted PCI12 cell differentiation and chick embryo dorsal root ganglion.
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Introduction

Carbon nanotubes (CNT) have unique one-dimensional
structure. Various molecules can adsorb to their outer sur-
face, which can be bonded to a variety of chemical groups
to achieve solubilization and targeting, while their internal
space can entrap ions and small molecules. CNTs can cross
the cell membrane with minimal damage in certain bio-
medical contexts. Therefore, they are very promising for
drug delivery, molecular imaging, and gene therapy applica-
tions'". The typical layered and hollow structure of CNT is
formed by carbon atoms in an aromatic, delocalized system
consisting of a single layer or multilayer curled graphite
sheet assemblies”™™. Because of this unique stable structure,
CNTs are almost insoluble in any solvent, including water
and common organic solvents. In solution, CNT molecules
tend to aggregate, bend, entwist, and gather into bundles
because of strong Van der Waals forces, making them toxic.
This toxicity not only hinders the basic science research of
CNTs at the molecular level, but also leads to their poor bio-
compatibility, which greatly limits their application in many
fields” . Functional modification of CNTs can improve
their solubility and biocompatibility, leading to increased
utility of CN'Ts as drug carriers"""”. The amino group is an
important modifier group in biochemistry because many
chemicals, polymers, and biological molecules can be con-
nected to carriers through an amide bond. Therefore, surface
amination of CNTs is one way to make CNTs more useful in

pharmaceutics. Aminization maintains the benefits of CN'Ts,
such as solubility, biocompatibility, high reactivity, and low
toxicity. The amino terminals can form covalent bonds with
a variety of polymers and biologically active substances,
which makes CNTs very promising in the pharmaceutical
field"**?. Coccini et al.”*"**' found that aminized multiwalled
CNTs (MWCNT) exhibited improved solubility and disper-
sity, decreased toxicity to human A549 and D384 cells, and
decreased aggregation.

Nerve growth factor (NGF) is a protein that plays an im-
portant role in self-protection and repair of degenerative
changes during neuronal growth, survival, and differen-
tiation, and also protects neurons from nerve injury”>>".,
However, because of the rapid inactivation of NGF in aque-
ous solutions and its vulnerability to a variety of environ-
mental factors, such as temperature and pH, it is difficult
for NGF to penetrate the blood-brain barrier, resulting in a
short half-life®"?"". Thus, repeated administration of NGF
is required to maintain an effective concentration, which
seriously restricts any clinical application of NGFE. Function-
alized CNTs can be used as slow-release carriers for chemical
drugs, DNA, and proteins”*". Kam et al."”’ demonstrated
that when aminized CNTs were connected to fluorescent
biotin-streptavidin and the complexes were incubated with
HL60 cells, strong anti-biotin streptavidin fluorescent signals
were found in tumor cells, suggesting CNTs can carry mac-
romolecular proteins into cells.
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Figure 1 Transmission electron microscopy images of MWCNTs-COOH (A), MWCNTs-EDA (B), and MWCNTs-EDA-NGF (C).
There was no apparent differences between the morphology of MWCNTs-COOH (A) and MWCNTs-EDA (B), while the surface of the MWCNTs-
EDA-NGF complex (C) is rougher and thicker, with more nanotube adhesion than on MWCNTs-EDA. Scale basr: 200 nm. MWCNTs: Multi-walled

carbon nanotubes; EDA: ethylenediamine; NGF: nerve growth factor.
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Figure 2 Thermogravimetric analysis (TGA) curves.

(A) MWCNTs-COOH [1], EDA [2], and MWCNTs mixed with EDA [3]. (B) Dialyzed [1] and undialyzed [2] MWCNTs-EDA. The weight loss
temperature of MWCNTs-COOH is significantly higher than that of the physical mixing product of EDA and MWCNTs-COOH. MWCNTs: Multi-
walled carbon nanotubes; EDA: ethylenediamine; TG: thermogravimetric analysis; DTG: differential thermogravimetry.

Carboxylation of CNTs before aminization increases the
reactivity of CNTs compared with direct aminization, and
improves the subsequent aminization®. Murugesan and
colleagues'*”’ mixed MWCNTs with carboxyl MWCNTs in
ethylenediamine (EDA) for 3 hours at 30°C to obtain two
different aminized CNTs. Carboxylation before the con-
densation reaction increases the number of amino groups
on the surface of CNTs and makes them more reactive. Yen
et al."") prepared amino-MWCNTs by chloride reaction of
EDA, and found that the amino-MWCNTs promoted nerve
cell growth due to the positive charges on the surface amino
groups. Therefore, amino-CNTs carrying NGF were created
in this study to promote nerve cell growth.

Results

The morphology of MWCNTs-EDA

The morphology of MWCNTs-COOH did not change sig-
nificantly after EDA modification (MWCNTs-EDA) as ob-
served by transmission electron microscopy (Figure 1).

The chemical structure of MWCNTs-EDA

Figure 2 displays the thermogravimetric analysis (TGA)
curves of EDA, MWCNTs-COOH, and MWCNTs-EDA. The
weight loss temperature of EDA was between 150-500°C,
showing a characteristic weight loss stage with 94.02%
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change in mass. The temperature at the fastest weight loss
rate was 119.074°C, and no apparent change occurred after
200°C. The weight loss stages of EDA and the physical mixing
product of EDA and MWCNTs-COOH were nearly the same.
MWCNTs-COOH showed no evident weight loss at tem-
peratures ranging from 150 to 500°C (Figure 2A, B), while
MWCNTs-EDA exhibited a weight loss stage in the same
temperature range. Furthermore, the weight loss temperature
of MWCNTs-EDA was significantly higher than that of the
physical mixture of EDA and MWCNTs-COOH. These re-
sults verify that MWCNTs-COOH were modified by EDA.

Infrared spectroscopy of MWCNTs-COOH and MWCNTs-
EDA also showed that EDA was successfully grafted to the
surface of CNTs*! (Figure 3).

Cytotoxicity of MWCNTs-COOH and MWCNTs-EDA
Figure 4 shows the effects of MWCNTs-EDA and MWCNTs-
COOH on the viability of PC12 cells as determined by the
MTT method. PC12 cells were incubated with CNTs at dif-
ferent concentrations (3.125, 6.25, 12.5, 25, 50, 100 and 200
pg/mL; 100 pL/well) in PBS for over 48 hours.

The survival rate of the PC12 cells incubated with both
types of CNTs decreased with increasing CNT concentration
in the range of 3.125-200 pg/mL. Cell viability was signifi-
cantly lower (P < 0.05) after exposure to MWCNTs-COOH
compared with MWCNTs-EDA, suggesting that the biocom-
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Figure 3 Fourier transform infrared spectroscopy of the MWCNTs-
COOH (curve a) and MWCNTs-EDA (curve b).

(A) Infrared spectroscopic characterization of carboxylic CNTs shows
that MWCNT surfaces have functional groups, including carbonyl
groups at 710/cm and carboxyl groups at 3,130 and 1460/cm. (B) A
shift of the band center from 1,710/cm to 1,642/cm indicates that the
carboxylic acid groups in MWCNTSs completely reacted with the amino
groups in EDA to form amide groups. Infrared absorption of the free
amino groups in EDA appears at 3,431/cm because of the stretching
mode of the N-H bond and at 1,540 and 1,107/cm because of the in-
plane vibration mode of the N-H and C-N bonds. The bands at 2,932
and 2,857/cm result from the C-H stretch vibration. MWCNTs: Multi-
walled carbon nanotubes; EDA: ethylenediamine.
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Figure 4 Viability of PC12 cells at different concentrations of
complexes after incubation for 48 hours (MTT).

The MTT assay shows that the number of living cells gradually decreases
with the increase in MWCNT complex concentration after culture for
48 hours. The experimental data are expressed as mean *+ SD (n = 8),
assessed by one-way analysis of variance. “P < 0.05, vs. MWCNTs-COOH.
MWCNTs: Multi-walled carbon nanotubes; EDA: ethylenediamine.

Figure 6 Dispersity of MWCNTs-EDA and MWCNT-COOH-NGF
complexes in PBS after more than 3 months.

(A) MWCNT-COOH [a] and MWCNTs-EDA [b]. (B) MWCNT-
COOH-NGF [a] and MWCNTs-EDA-NGF [b]. MWCNTs: Multi-
walled carbon nanotubes; EDA: ethylenediamine; NGF: nerve growth
factor.

patibility of the covalently modified MWCNTs-COOH was
improved.

Figure 5 shows the morphological effects of MWCNTs-
EDA and MWCNTs-COOH at the concentrations listed
above. Most PC12 cells in the control group were round,
lucent, and well-attached. In contrast, with increasing con-
centration of MWCNTs, the number of adherent and viable
cells gradually decreased, and the cells and MWCNTs gath-
ered in clusters, suggesting an increase in the cytotoxicity of
the MWCNTs. The cells treated with MWCNTs-EDA were
more adherent and had higher refractivity compared with
those treated with MWCNTs-COOH. Together, these results
indicate that MWCNTs-EDA were less toxic to to PC12 cells
than MWCNTs-COOH.

Transmission electron microscopy characterization of the
MWCNTs-NGF complexes

The surface of MWCNTs-NGF complexes is rougher and
thicker than nanotubes without amino functionalization
(Figure 1).

Dispersity of MWCNTs-EDA and MWCNTs-NGF

The dispersity of MWCNTs after different treatments was
studied (Figure 6) by dissolving 1 mg MWCNTs-COOH,
1 mg MWCNTs-EDA, 1 mg MWCNTs-COOH-NGE, and
1 mg MWCNTs-EDA-NGF complex each in 10 mL PBS
and sonicating for 15 minutes. While MWCNTs-COOH
formed apparent aggregates within 3 months, MWCNTs-
EDA remained dispersed in PBS over the 3 months. Similar-
ly, MWCNTs-COOH-NGF formed distinct aggregates in 3
months while MWCNTs-EDA-NGF displayed much better
dispersity in PBS over the 3 months. These results suggest
that the amino functionalization of CNTs enhanced their
dispersibility in PBS.

Biological activity of MWCNTs-NGF complexes

Figure 7 illustrates the morphology of the PC12 cells cul-
tured with MWCNTs-NGF complexes after 24 and 72 hours.
Most of the cells in the negative control group were round,
grew well, and showed no indicators of differentiation. In
contrast, PC12 cells in the positive control group (NGF solu-
tion, 50 ng/mL) and incubated with MWCNTs-NGF com-
plexes began to differentiate, extended protuberances, and
stopped proliferating. The biological activity of cells incu-
bated with MWCNTs-EDA-NGF was notably stronger than
that of cells with MWCNTs-COOH-NGF. The MWCNTs-
EDA-NGF complexes induced significant cell differentiation
and cell protuberances were longer, more dense, and woven
into meshes.

The density of these cells was clearly higher than those cul-
tured with MWCNTs-COOH-NGF complexes, which sug-
gests indirectly that the cytotoxicity of MWCNTs-COOH-
NGF was higher than that of MWCNTs-EDA-NGFE.

The 90% F12 with 10% horse serum media was chosen
for the biological activity study because dorsal root ganglia
cultured in it for 72 hours proliferated were firmly adherent,
and showed no dendritic protuberances. When dorsal root
ganglia were cultured in 90%F12 with fetal bovine serum,
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Figure 5 Photographs of PC12 cells after incubation with MWCNTs-EDA for 48 hours (x 200).

Control group (A) contains no CNTs, only cells. From the inverted microscopy images, the numbers of adhered and viable cells decreased, and the
refractivity (arrows) of PC12 cells falls, after culture with 50 ng/mL MWCNTs-COOH (B) and MWCNTs-EDA (C) for 48 hours. Furthermore, the
changes in the MWCNTs-COOH group are greater than those in the MWCNTs-EDA group. MWCNTs: Multi-walled carbon nanotubes; EDA: eth-

ylenediamine.
NGF 50 ng/mL

Figure 7 Optical micrographs of PC12 cells treated with different MWCNTs-NGF samples (x 200).
The MWCNTs-EDA-NGF complexes significantly induce cell differentiation and the growing protuberances are long, dense, and woven into mesh-
es. The density of these cells is clearly higher than that of cells cultured with MWCNTs-COOH-NGF complexes. MWCNTs: Multi-walled carbon

MWCNTs-COOH-NGF ™~
50 pyg/mL

MWCNTs-EDA-NGF
50 pg/mL

Control

nanotubes; EDA: ethylenediamine; NGF: nerve growth factor; h: hours.

dendritic nerve fibers grew outwards, which would affect
the results of the biological activity tests. Cells cultured in
only F12 proliferated slowly and were not firmly adherent
(Figure 8).

Figure 9 shows images of dorsal root ganglions that were
co-cultured with MWCNTs-NGF for 24 and 72 hours.
Dorsal root ganglion morphology in the negative control
group was not changed, while a large number of slender
radial nerve fibers grew outwards when dorsal root ganglia
in the positive control group were cultured with 50 ng/
mL NGF solution for 72 hours. On the contrary, the mor-
phology of dorsal root ganglia that were co-cultured with
MWCNTs-NGF complexes at different concentrations of
1640 solution (25, 50, 100, 200, 400, and 500 pug/mL) for 72
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hours was altered remarkably. MWCNTs-COOH-NGF were
concentrated around the dorsal root ganglion, where a small
number of short and thick nerve fibers had grown. In con-
trast, there was no accumulation of CNTs around the dorsal
root ganglia exposed to MWCNTs-EDA-NGF, where a large
number of long and thin nerve fibers had grown. Based on
these results, it appears that MWCNTs-EDA-NGF complexes
promoted the growth of dorsal root ganglion neurons and
demonstrated less toxicity to dorsal root ganglia than the
MWCNTs-COOH-NGF complexes.

Discussion
The PC12 cells were fully and firmly adherent, difficult to
cluster, and proliferated in the 1640 medium containing 10%



Chen W, et al. / Neural Regeneration Research. 2014;9(3):285-292.

Figure 8 Optical micrographs of dorsal root ganglia (DRG) incubated in different solutions (x 100).

(A) DRG cultured with only F12 show poor growth and are not firmly adherent. (B) The 90% F12 and 10% horse serum were chosen for the bio-
logical activity testing because DRG cultured in it for 72 hours proliferated and were firmly adherent without developing dendritic protuberances.
(C) Dendritic nerve fibers extending out of cells cultured with media containing 90% F12 and 10% fetal bovine serum.

Control NGF 50 ng/mL

MWCNTs-COOH-NGF
50 pg/mL

MWCNTs-EDA-NGF
50 pg/mL

Figure 9 Optical micrographs of dorsal root ganglia (DRG) incubated with different MWCNTs-NGF samples (x 100).

The MWCNTs-COOH-NGF accumulate near the DRG and a small number of short and thick nerve fibers are seen growing (arrows). In contrast,
there is no CNTs accumulation near the DRG and a large number of long and thin nerve fibers are found growing from the ganglion of MWCNTs-
EDA-NGF samples (arrows). MWCNTs: Multi-walled carbon nanotubes; EDA: ethylenediamine; NGF: nerve growth factor. h: hours.

horse serum and 5% fetal bovine serum that was recom-
mended in a study by Zheng et al.*”. The MTT assay showed
that the cells treated with MWCNTs-EDA displayed signifi-
cantly higher viability than those treated with MWCNTs-
COOH. Cell morphology and state of adherence, which
directly affect survival, were enhanced more after exposure
to MWCNTs-EDA than to MWCNTs-COOH. Other groups
have reported that amino-functionalized MWCNTs modi-
fied with EDA exhibited high cell viability'*, largely due to
the promotion of nerve cell growth. We found no indicators
of differentiation of the PC12 cells after co-culture with ami-
no-functionalized MWCNTs for 48 hours. This result is not
consistent with the findings of Yen et al."**, which may be
due to the short co-culture duration of PC12 cells with ami-

no-functionalized MWCNTs. Dispersibility testing showed
that MWCNTs-EDA had good dispersion stability before
and after modification with nerve growth factor, suggesting
that the functionalization with amino groups improved the
CNT solubility.

Our results confirmed that MWCNTs-NGF complexes
prepared by non-covalent grafting have similar biologi-
cal effects. The biological activity tests showed that both
MWCNTs-COOH and MWCNTs-EDA non-covalently graft-
ed with NGF can promote nerve cell differentiation. Because
ELISA methods can not accurately measure the content of
complexed nerve growth factor, it is difficult to quantitative-
ly explain its enhancement of nerve cell differentiation, and
we will try to determine the amount of nerve growth factor
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in the complexes in future experiments. MWCNTs-EDA-
NGF complexes, in comparison with MWCNTs-COOH-
NGF complexes, showed better cell adherence, higher cell
density, clear cell differentiation, and a denser nerve fiber
web.

Isolation and cultivation of the dorsal root ganglion is the
first problem encountered when investigating the biological
activity of these complexes. Embryos 8-9 days old were the
most suitable material for isolation of dorsal root ganglia.
Dorsal root ganglia exhibited different states after being
cultured with various media formulations. The results from
this study showed that 90% F12 with 10% horse serum can
be used for studying biological activity because dorsal root
ganglia cultured in this formulation for 72 hours exhibited
proliferation, were firmly adherent, and had no dendrit-
ic processes. The dorsal root ganglia cultured with 10%
fetal bovine serum and 90% F12 were stretched out with
branched nerve fibers, which could influence the biological
activity tests. The dorsal root ganglia that were cultured with
medium containing only F12 were not firmly adherent and
proliferated poorly. The biological activity tests of the com-
plexes cultured with dorsal root ganglia showed that both
kinds of MWCNTs-NGF complexes promoted the growth of
nerve fibers from the dorsal root ganglia, but to different de-
grees. The MWCNTs-EDA-NGF complexes induced a denser
radial nerve fiber net compared with the MWCNTs-COOH-
NGF complexes.

Taken together, these data suggest that MWCNTs-EDA had
higher dispersibility and lower cytotoxicity than carboxylat-
ed CNTs. Non-covalently grafted MWCNTs-NGF complexes
maintained biological activity. Furthermore, MWCNTs-
EDA-NGF complex promoted PC12 cell differentiation and
dorsal root ganglion nerve growth more than MWCNTs-
COOH-NGF complexes.

Materials and Methods
Design
An in vitro cytology experiment.

Time and setting

This study was performed at the Key Laboratory of the Min-
istry of Education of Xinjiang Uygur Autonomous Region,
School of Pharmacy, Shihezi University, China between Sep-
tember 2011 and January 2013.

Materials

Pathogen-free 9-day-old chick embryos were provided by
the Laboratory Animal Center, Xinjiang Medical University,
China with the license No. SCXK 2003-001 and included in
this study. The obtained chick embryos were incubated in a
thermotank at 38°C and 75% humidity.

PC12 cells were purchased from The Cell Bank of Type
Culture Collection of Chinese Academy of Sciences, China
and then cultured in RPMI 1640 culture medium (Gibco,
Carlsbad, CA, USA) containing 10% horse serum (Gibco),
5% fetal bovine serum (Gibco), and 100 U penicillin/strep-
tomycin (Gibco) in a 5% CO, incubator at 37°C.
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Methods

Preparation of MWCNTs-EDA

Dried MWCNTs-COOH (1.0 g) and excess neat SOCI,
(100 mL) were first sonicated for 30 minutes and then
stirred with a magnetic stirrer at room temperature for
48 hours. The suspension was filtered through a 0.45-pm
microporous membrane. The excess SOCI, was washed at
least 5 times with tetrahydrofuran and evaporated under
vacuum at room temperature for 20 minutes. The residue
was then reacted with 100 mL of EDA at room temperature
for 10 hours with magnetic stirring. Next, the suspension
was filtered through a 0.45 pm microporous membrane and
washed at least 5 times with tetrahydrofuran, and then evap-
orated under vacuum at room temperature for 20 minutes.
Finally, the blank solid was dialyzed (MWCO 14 kDa) in
pure water for 72 hours and dried at room temperature un-
der vacuum to yield MWCNTs-EDA. A JEM-1230 transmis-
sion electron microscope (JEOL, Tokyo, Japan) was used to
observe the morphology of MWCNTs-EDA, an STA409PC
type differential TGA scanning calorimeter (NETZSCH
Scientific Instrument Trading Co., Ltd., Shanghai, China)
was used to measure the TG curve of MWCNTs-EDA, and
the IR spectra of MWCNTs-EDA was detected by an FTIR-
84008 Fourier transform infrared spectrometer (Shimadzu,
Kyoto, Japan) to characterize the chemical structure of
MWCNTs-EDA. MWCNTs-COOH was used as a control.

Cytotoxicity of MWCNTs-EDA
PC12 cells in the logarithmic growth phase were seeded in
96-well plates at a density of 1 X 10" per well and incubated
at 37°C in a 5% CO, incubator for 24 hours. Concentra-
tions of MWCNTs-COOH and MWCNTs-EDA in PBS
(3.125, 6.25, 12.5, 25, 50, 100, and 200 pg/mL) were added
to the 96-well plates with 100 uL in each well, and eight
parallel wells were designated for each concentration. Fur-
thermore, a blank experimental group (carbon nanotubes,
no PC12 cells), a control group (PC12 cells, no carbon nano-
tubes) and a blank control group (no PCI12 cells, no carbon
nanotubes) were assessed. The culture conditions were the
same for the experimental and control groups. PC12 cells
were incubated at 37°C in a 5% CO, incubator for 48 hours. A
20-pL volume of MTT solution (Sigma, St. Louis, MO, USA)
was added to each well and they were cultured for another
4 hours. The culture medium in each well was carefully as-
pirated and the reaction was stopped by adding 150 pL di-
methyl sulfoxide. After low speed oscillation for 10 minutes
to fully dissolve the formed crystals, the absorbance value at
490 nm was measured with a Thermo 3001 multifunctional
ELISA reader (Thermo, Franklin, MA, USA).

Cell viability was calculated as: cell viability = (A

experimental

0,
group _Ablank experimental group)/(Acontml group_Ablank control group) % 100%.
Each experiment was repeated three times. The mor-

phology of PC12 cells was observed with an IX71 fluo-
rescence inverted microscope (Olympus, Tokyo, Japan).

Preparation of MWCNTs-NGF complexes
A 2-mg mass of MWCNTs-EDA was fully mixed with 9 mL
PBS and then 1 mL of PBS containing rat nerve growth fac-
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tor (Sigma, 30 pg/mL) was added. The resultant mixture
was stirred for 24 hours at room temperature and then
centrifuged at 10,000 r/min for 10 minutes in centrifuge
with a radius of 86 mm. After removing the supernatant,
the product was centrifuged again after washing with PBS.
Next, the product was dispersed in 10 mL PBS to create the
solution of MWCNTs-NGF complex. The micromorphol-
ogy of the MWCNTs-NGF complex was observed using an
H600 transmission electron microscope (Hitachi, Tokyo,
Japan).

Dispersity of the MWCNTs-NGF complex

MWCNTs-EDA (1 mg) and MWCNTs-NGF (1 mg) com-
plexes were separately added to 10 mL PBS, and the suspen-
sions were then sonicated for 15 minutes. The dispersed state
of the complexes was observed for a certain period of time
to study the dispersibility of the CNTs and the complexes,
using MWCNTs-COOH and MWCNTs-COOH-NGF com-
plex as controls.

Isolation and cultivation of chick embryo dorsal root ganglia
Chick embryo dorsal root ganglia were isolated using an
Olympus SZX7 dissecting microscope (Olympus, Tokyo, Ja-
pan), and were grown in a 37°C, 5% CO, incubator. Several
chick embryo dorsal root ganglia were cultured with three
different media formulations and were separately investi-
gated after 72 hours. The medium ratios were: 100% F12
(Hyclone, Logan, UT, USA); 90%F12 and 10% fetal bovine
serum (Gibco); and 90% F12 and 10% horse serum (Gibco).
The medium containing 90% F12 and 10% horse serum
(Gibco) was selected for general use based on the results.

Biological activity of the MWCNTs-NGF complex

Biological activity testing was performed to determine the
effects of the MWCNTs-NGF complex on PC12 cells and
chick embryo dorsal root ganglia. The MWCNTs-COOH
and NGF complex formed by non-covalent grafting was
taken as a control. Nerve growth factor at 50 ng/mL was
used as a positive control group, and serum-free RPMI 1640
culture medium was used as a negative control group. The
two types of MWCNTs-NGF complex samples were sepa-
rately dissolved in RPMI 1640 culture medium to produce
different solution concentrations: 25, 50, 100, 200, and 400
pg/mL with 500 pL per well. PC12 cells were seeded into 24-
well plates at a density of 2 x 10" per well, and chick embryo
dorsal root ganglia were seeded into the 24-well plates at a
density of 8 ganglia per well. PC12 cells were observed with
an I1X71 fluorescence inverted microscope (Olympus) af-
ter incubation at 37°C in a 5% CO, incubator for 24 or 72
hours.

Statistical analysis

All data are expressed as mean + SD and were analyzed us-
ing SPSS 13.0 software (SPSS, Chicago, IL, USA). One-way
analysis of variance was used to compare differences am-
ong groups. A level of P < 0.05 was considered statistically
significant.
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