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ABSTRACT 

Parkinson’s disease (PD) is a progressive neurodegenerative disease characterised by motor and no-
motor symptoms. The underlying pathology for parkinsonian motor symptoms can be linked to the 
degeneration of dopaminergic neurons which reside in the ventral midbrain that project to the 
striatum. Although intracerebral transplantation of dopamine-producing cells has been shown to be a 
feasible approach in preclinical and clinical studies, the working of a transplant is inferred by 
correlations rather than causative studies. The project aims to demonstrate the functionality of 
transplanted neurons by selectively and reversibly perturbating the cell activity of engrafted neurons 
using optogenetics. First, we identified the optimal optogenetic-stimulation parameters via in vivo 
electrochemical detection of dopamine release. Based on these results, we investigated the function of 
dopaminergic rat fetal grafts in rats that were rendered hemiparkinsonian via unilateral 6-
hydroxydopamine injection, followed by intrastriatal engraftment. Subsequently, the graft was 
transduced with a Cre-inducible adeno-associated viral vector to selectively express 
Channelrhodopsin-2 in engrafted dopamine cells. Behavioural deficits and improvements were 
assessed through the drug-induced rotation test and the cylinder test. After graft maturation, selective 
graft functionality was examined through electrochemical with optogenetic detection methods.  
 
RESULTS 

Results indicate that higher laser intensity and stimulation duration result in increasing release trends 
of dopamine. Moreover, the PD-lesioned rats displayed an impaired behavioural motor activity 
followed by behavioural improvements post-transplantation. Intra- and extracellular measurements of 
the graft in combination with optogenetics further supported the graft survival and functioning. This 
study provides evidence on the ability of optogenetics to selectively activate the opsin-expressing 
dopaminergic transplants. Unravelling the integration and functionality of transplants using 
optogenetics will strengthen the potential of cell replacement therapy for PD. 
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