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Inherent Factors of Dopaminergic Neurons Vulnerability in the
Substantia Nigra of Parkinson’s Disease

ZHAO Jin-Ying" , LI Yan” , LI Yan-Wei**

(Y Diagnostic Molecular Biology Laboratory;? Department of Human Anatomy and Histology and

Embryology, Basic Medical College, Shaoyang University, Shaoyang 422000, Hunan, China)

Abstract The main symptoms of Parkinson’s disease (PD) result from dopamine ( DA) neuron loss in
the substantia nigra compact (SNc) of the midbrain. In the pathogenesis of PD, two pathological
mechanisms, Lewy pathology (LP) and mitochondrial dysfunction, are most prominent, but it remains
unclear why SNe DA neurons are particularly vulnerable to these two pathological damages. Recent
studies have shown that compared with other neurons in the brain, SNe¢ DA neurons have special
anatomical, physiological and biochemical phenotypes. SNe¢ DA neurons have high branched
unmyelinated axons and numerous synaptic terminals. The high requirement of substance and energy
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metabolism of synaptic terminals requires a large number of mitochondria. Giant synaptic terminals
increase the burden of synaptic protein expression, transport and degradation. The unique spontaneous
pacemaker potential and slow calcium oscillation are two typical electrophysiological characteristics of SNe¢
DA neurons. Cavl.3 calcium channel activation and subsequent cascade reaction increase the
mitochondrial burden of SN¢ DA neurons, elevate basic oxidative stress, promote mitochondrial damage
and autophagy, and reduce the ability to deal with misfolded proteins. DA, a peculiar neurotransmitter to
SNe DA neurons, is easily oxidized to reactive quinones with potential toxicity. DA quinones can also
destroy the activity of glucocerebrosidase, resulting in mitochondrial oxidative stress and lysosome
dysfunction. In summary, these inherent factors of SNe¢ DA neurons may lead to their vulnerability to
mitochondrial dysfunction and LP, and the neuronal network disorders of SNe¢ DA neurons also promote
the progress of PD. Recognizing these characteristics may create new opportunities for studying PD-related

pathological mechanisms and developing therapeutics to slow or prevent disease progression.
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