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Background: Parkinson’s disease (PD) therapy currently depends 

on symptomatic treatment strategies and lacks protective or regen-

erative approaches that can slow down or stop disease progression. 

Glial cell line-derived neurotrophic factor (GDNF) was shown to 

protect dopaminergic neurons of substantia nigra (SN), which 

typically degenerates in PD, in in vitro and in vivo models. However, 

clinical trials of GDNF largely failed, which implies a need for novel 

drug delivery methods that provide long and targeted release. Bio-

degradable and biocompatible collagen scaffolds can be a suitable 

option for GDNF delivery to the brain in PD. 

Methods: We used organotypic brain slice cultures from P9  –11 

C57BL/6 pups to test neuroprotection of GDNF released from 

collagen scaffolds in different models. In order to induce dopamin-

ergic cell death, we utilized axotomy as well as the neurotoxins 

rotenone (50 nM, 14 days) and 6-OHDA (5 mM, 10 min). Collagen 

was crosslinked with polyethylene glycol, loaded with GDNF and 

drops of 2 μl collagen scaffold containing 10 ng GDNF were directly 

placed onto organotypic brain slices. Sections were fixed and stained 

with antibodies against tyrosine hydroxylase (TH) after 2 weeks of 

culture and the numbers of dopaminergic neurons in SN and ventral 

tegmental area (VTA) were compared, besides western blot and qRT-

PCR analysis. 

Results: TH+ dopaminergic neurons survived well in organotypic 

brain slice over 2 weeks in culture (420 ± 60 in SN and 189 ± 35 in 

VTA). Rotenone and 6-OHDA caused significant cell death in SN 

(77 ± 53 and 35 ± 10, respectively). Collagen scaffolds loaded with 

GDNF significantly protected dopaminergic SN neurons against 

axotomy and rotenone-induced cell death and showed a tendency of 

neuroprotection in 6-OHDA lesions. In the axotomy model GDNF 

(100 ng/ml in medium) markedly enhanced TH expression, which was 

verified by western blot and qRT-PCR. 

Discussion: Our results indicate that collagen scaffolds have the 

potential to become a useful therapeutic tool for the targeted delivery 

of GDNF in order to provide neuroprotection in Parkinson’s disease. 
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