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Abstract- Chronic neural implants are usually made from 
silicon materials and are subject to scar tissue formation at the 
tissuelimpiant interface, which interferes with their functionality. 
Carbon nanofibers are an example of a material that may 
improve neural implant interactions with native cell populations 
since these nanofibers have promising cytocompatibility, 
mechanical, and electrical properties. Neural implants may 
achieve better tissue interactions simply by incorporating carbon 
nanofibers into a polymer matrix. Polycarbonate urethane and 
carbon nanofiber composites have induced neurite extension 
during in vitro studies. The objective of the present study was to 
use an electrical field to align carbon nanofihers in a 
polycarbonate urethane matrix. Polycarbonate urethane was 
dissolved in chloroform, and then mixed with carbon nanofibers 
of bigb and low surface energies separately. When the solution 
was viscous, it was pored into a parallel copper plate capacitor 
chamber. Alignment occurred after exposure to 500 to 700 volts. 
The aligned nanofiber structurc was maintained after the 
polymer cured. These materials have heeu preparedto determine 
if neuron axonal extension will be affected by the carbon 
nanofiber alignment. These materials haye promising tunable 
properties for neural implants such as electrical, nanoscale 
structure and organization, and surface energy characteristics. 

1. INTRODUCTION 

Biomaterials for neural applications have been implemented 
in many ways including tissue bridges and probes. Since such 
implants require unique biocompatibility properties to 
function successfully in the presence of native tissue, new 
formulations of biomaterials are currently being investigated 
to customize materials for these neural applications. A key 
design parameter is the reduction of scar tissue interference at 
the site of the implant. This gliotic response is mediated 
largely by astrocytes in the central nervous system [1,2]. 
Design of synthetic biomaterials that mimic the properties of 
natural tissues is a promising method to minimize adverse 
reactions such as the foreign body response and scar tissue 
formation. Cells of the body are accustomed to interacting 
with surfaces with a large degree of nanostructured surface 
roughness due to the size of proteins that compose the 
extracellular matrices in vivo. In vitro studies with nanophase 
biomaterials have indeed shown that cells respond differently 
to materials with nanoscale roughness when compared to 
those with micron-sized roughness [3,4]. 

Carbon fibers have been shown to be compatible with 
physiological tissues, and nano-dimensioned fibers have 
excellent conductivity and high strength to weight ratios [3,5- 
71. The size of carbon nanofibers contributes to their strength 
and high conductivity, but since their size is also in the 
nanometer regime, they are on the same scale as physiological 
proteins. Alignment of nanoscale features is an attractive 
approach for directing axonal extension [8]. The objective of 
this present in vitro study was to synthesize a polycarbonate 
urethane (PU) matrix with aligned carbon nanofibers to 
facilitate neural biomaterial design. 

11. MATERIALS AND METHODS 

Multiwalled carbon nanofibers (CN) that had been 
synthesized using catalytic and chemical vapor deposition 
were acquired from Applied Sciences, 1nc.iPyrograf Products, 
Inc. Composites were formed from 100 nm, low surface 
energy fibers (25-50 ml/mz) or 60 nm, high surface energy 
fibers (125-140 mJ/mz) and poly carbonate urethane 
(Thermedics Polymer Products, PC3575A). Polycarbonate 
urethane pellets were allowed to dissolve in chloroform at 25 
OC for 40 min with sonication, then carbon nanofibers were 
added and sonication continued for another hour. This 
mixture, when viscous, was poured into wells of a microscope 
slide fashioned with parallel copper plate electrodes. Voltage 
was applied to the solution to create a homogeneous electric 
field. Voltages up to 700 were applied to the wells until the 
composite had cured. 

111. RESULTS 

As can be seen in Figure 1, the present study provides 
evidence of aligned carbon nanofibers in a polymer matrix. 
Note the random agglomerated carbon nanofibers in the 
polymer matrix before the application of the electric field. In 
contrast, note the aligned carbon nanofibers in the polymer 
matrix in the presence of an electrical field. 
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IV. DISCUSSION AND CONCLUSIONS 

The present results provide a valid synthesis technique to 
align a material previously shown promising for neural 
applications (carbon nanofibers) in a polymer matrix. 
Previous studies have shown decreased glial scar tissue 
formation and increased interactions of neurons (such as 
increased neurite extension) on carbon nanofiben [9,10]. It is 
anticipated that the through the alignment of carbon 
nanofibers in a polymer rmahix, the ability to control axon 
extension in neurons will be achieved. Further studies will be 
needed to verify this. 

I ACKNOWLEDGEMENTS 

The authors would like to thank the National Science 
Foundation for a Nanoscale Exploratory Research Grant. I 

REFERENCES 
High surface energy carbon uanofibers in 
polymer without an applied electric field 

[I] A. R. Link, 1. P. OCallaghan. Asmgliosia in the adult and developing 
CNS: is there a mle for p ro innamtory  cyakiner? Neur0T0xic010~, 22, 
2001,607-61 8. 
[2] J. M. Krum 1. M. Rosenstein, Tmsient coexprersion of nestin, GFAP, 
and vascular endothelial growth factor in mature reactive astmglia following 
neural grafting or brain wounds, Exp. Neuro., 160,1999,348-360. 
[31 K. E. EIias, R. L. Price. T. J. Webrter, Enhanced fundions of osteoblasts 
on nanometer diameter carbon fibers, Biomot., 23,2W2,3279-3287. 
[4] T. J. Webster, C. Ergun, R. H. Doremus, R. W. Siegel, R. Biziar, Specific 
proteins mediate enhsnced osteoblast adhesion on nanophaw ceramics, J 
Biorned Mot. Rer., 51,2000,475483. 
151 N. B. Chauhan, H. M. Figlewicz, T. Khan, Carbon filaments direct the 
growth of postlesianal plastic a x m  aner spinal cord injwy, Int. J Devel. 
Neurorcience, 17, 1999,255-264 
[6] E. 1. Thostenson, Z. Re", 1. W. Chou, Advances in the science and 
technology of carbon nanorubes and their composites a review, Composites 
Sei. Tech.,61,2001, 1899-1912. 
171 R. J. Kuriger, M. K. Alam, D. P. Anderson. R. L. Jambsen, P m e s i n g  and 
characterjration of aligned vapor grown carbon fiber reinforced 
polypropylene, Composites: Port A, 33,2M12,53-62. 
[8] A.M. Rajnieek, S .  Britland, C. D. McCaig, Contact guidance of CNS 
neurites on graoved quartz: influence of g m v e  dimensionr, neuronal age and 
ce l1 lpe .J  CellSci., 110, 1997,2905-2913. 
[9] 1. L. McKenzie, M. C. Waid, R. Shi, and T. J. Webster, Decreased 
functions ofasmrpcs on carbon nanofiber materials, Biomorerhls 25,2004, 
1309-1317. 

High surface 
polymer with 

[IO] J. U. Ejiofor, M. C. Waid, 1. L. McKenrie. R. L. Price, and T. J. Webster, 
Nana-biotechnology: carbon nanofibers as improved neural and onhopedic 
implants, Nmotechnologv IS, 2004,48-54. 

energy carbon nanofibers in 
an applied electric field 

Figwe 1. Alignment ofcarbon nmofibers for neural applications. Arrow 
indicates alignment. Similar results were obtained for low surface energy 

carbon nanofibers. 
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