
  

 

 

ARBON-BASED nanomaterials are becoming increasingly popular as a neural interface due to the favorable electrical 

and physical characteristics of these materials. As such, it is of paramount importance that we fully understand how 

chemicals and neural networks interact with these substrates. One such material that we have focused on is carbonized 

nanofibers. We aim to assess the biocompatibility of this material treated with various cationic polymer concentrations and 

also quantify how neurons interact with this material by quantifying cell body densities.  

Carbon nanofibers were deposited via methods based on a previous report by Jao et al.[1]. In short, a SU-8 solution was 

used to electrospin the nanofibers onto a polished silicon substrate. The nanofibers were then patterned by UV-lithography 

and carbonized in a tube furnace under forming gas at 1000°C. We tested patterned thin-film SU-8 (TF), carbonized thin film 

(CTF), SU-8 nanofiber (NF), and carbonized nanofiber (CNF) substrates. All substrates were treated with O2 plasma for 30 

seconds and most treated with poly(ethylenimine) (PEI). We varied the concentration of PEI to be 0.1 wt% (stock), 0.001 

wt%, and 0.00001 wt% in 18 MΩ deionized water. We also tested plasma-treated substrates where the media is conditioned 

by a healthy 0.1% PEI control culture. E18 rat cortical neurons were seeded onto the surfaces for 3 days in vitro (DIV). We 

stained for living and dead cells with calcein, AM and ethidium homodimer-1, respectively. Neural viability and cell body 

locations were represented by calculating the ratio of living cells to total (living + dead) cells and number of live cell bodies 

per mm
2
 of substrate, respectively. 

At our standard PEI concentration of 0.1%, all of the surfaces, especially those with nanofibers, appear to be relatively 

toxic to neurons (0.00%, 0.63%, 47.9%, and 3.28% cell viability for CNF, NF, CTF, and TF, respectively). The greatest cell 

toxicity was observed on the nanofiber samples, suggesting that something about the nanofibrous architecture attracts more 

or possibly traps PEI which has been shown to be toxic to cells when unbound from the surface. The reduction in PEI 

concentration seemed to have a positive impact on the cell viability across all substrates. In calculating the live cells per mm
2
 

of substrate, we did not find any significant difference between the substrates and their respective silicon backgrounds 

suggesting that perhaps over the course of 3 DIV the cells do not prefer the nanofibers or films over the silicon backgrounds. 

However, the data appear to be trending 

towards the cells preferring the nanofibers 

(CNF and NF) over the silicon background 

which we have evidenced by qualitatively 

observing multiple cell bodies at the edge of the 

strips of nanofibers, particularly at lower PEI 

concentrations (see Figure 1 – substrates are 

marked by an ‘X’). We have some preliminary 

data that suggest at 7 DIV the neurons greatly 

prefer nanofibers over a silicon background in 

the plasma treatment group. We will expand 

this data to include 7 DIV and further explore 

the mechanism for the cell toxicity at standard 

PEI concentrations.  
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