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Parkinson’s disease (PD) is characterized by the degeneration of dopaminergic neurons in the 
midbrain. The most effective therapy for the treatment of PD is levodopa. However, it leads to the 
development of motor complications [1]. Continuous delivery of dopamine has shown to reduce the 
risks associated with chronic motor complications [2]. In this work we describe a leaky opto-
electrical carbon fiber as a potential neural implant for continuous supply and real-time modulation 
of dopamine in striatum using stem cells, optogenetics and electrochemistry.  
Pyrolysis of the protective polymer buffer layer on a commercial optical fiber leads to the formation 
of a pyrolytic carbon layer around the optical fiber; a carbon material that has proved to be 
biocompatible and to enhance the differentiation of human neural stem cells (hNSCs) into 
dopaminergic neurons [3]. The carbon coated optical fiber was furthermore made leaky by 
introducing pores in the carbon layer using laser micro-ablation. As seen in Figure 1a, the guided 
light through the carbon coated optical fiber leaks out from the pores. 
Through optogenetic modification of hNSCs with Channelrhodopsin (ChR-2) (a light sensitive ion 
channel), we were able to generate light controllable cells. Figure 1b shows optogenetically 
modified hNSCs cultured and differentiated on the leaky opto-electrical carbon fiber in vitro. Figure 
1c shows the initial amperometric results obtained, first from chemical stimulation (potassium-
induced depolarization), following optical stimulation using blue light. The peak heights from optical 
stimulation is a direct measure of dopamine exocytosis from the cells. This further proves the 
presence of a large number of optogenetically modified dopaminergic neurons. Moreover, only 
optogenetically modified cells respond to optical stimulation leading to smaller current peaks 
compared to chemical stimulation that activates every dopaminergic neuron in the population.    
These initial results provide the first proof of concept for real-time optical stimulation and 
electrochemical detection of dopamine exocytosis from dopaminergic neurons cultured on an opto-
electrical carbon fiber. Further studies of immunocytochemistry and extensive electrochemistry are 
needed to quantitatively asses the dopamine release and its potential use for PD therapy. 
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Figure 1. a) Light leaking from carbon optical fiber illuminates surrounding fluorescent nanobeads. b) 
Immunohistochemistry of optogenetically modified hNSCs cultured on the fiber (Red: Tyrosine hydroxylase, 
Green: beta-tubulin, Blue: Nuclei). c) Amperometric results showing chemical and optical stimulation. 
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