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“The Italian psychiatrist E. Lugaro had
introduced the term plasticity into the
neurosciences considering that throughout
life the anatomo-functional relations
between neurons can be changed
in an adaptive fashion to enable psychic
maturation, learning, and even functional
recovery after brain damage.”

“… the function of the damaged brain
areas is restored due to the undamaged areas.
This is accounted for by the reorganization
of the interneuronal relations under the information,
coming from the target organs.”

*Berlucchi G. 2002. J. History Neurosciences, 11, 305 - 309.
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Unspecific mechanisms
providing neuroprotection:

Specific mechanisms serving to maintain
neurotransmission:

 Stimulation of secretion
of the growth factors;

 Stimulation of neurotransmitter secretion;

 Activation of the antioxidant
systems.

 A reduction of the enzymatic degradation
of neurotransmitters;
 Increase of the sensitivity of the target neurons.
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Ugrumov M. et al. (2011) Neuroscience 181, 175-188;
Kozina et al. (2014) J Neurol. Sci. 340:198-207.
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MPTP models in mice of PD at the preclinical
and early clinical stages:
Prospect of the use
 Evaluation of the molecular mechanisms of neurodegeneration in
the central and peripheral nervous system;
 Evaluation of the mechanisms of neuroplasticity in the central
and peripheral nervous system;
 Search for mechanisms triggering a transition from preclinical
stage to clinical stage;
 Search for peripheral biomarkers for the development of preclinical
diagnostics of Parkinson’s disease;
 Development of the provocation test for the diagnostics of
Parkinson’s disease at the preclinical stage;
 Development of preventive therapy in Parkinson’s disease:
 to slow down neurodegeneration;
 to control and improve neuroplasticity;
 to deactivate triggers of motor disorders.
Ugrumov (2009) J Chem Neuroanat. 38, 241–256; Ugrumov.(2011) Neuroscience 181, 175-188; Kozina et al. (2014) J Neurol Sci.
340,198-207; Ugrumov (2013) Adv Pharmacol. 68:37-91.

Nigrostriatal system in MPTP-treated mice:
Evaluation of functional activity
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Indicators of functional activity:
 Gene expression, synthesis and
activity of tyrosine hydroxylase;

 Spontaneous and stimulated release
of dopamine;
 Dopamine uptake;
 Content and turnover of dopamine;
 Dopamine synthesis
by non-dopaminergic neurons;
 Gene expression and activity
of MAO A and B;
 Gene expression of D2 receptors.
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Functional activity of the nigrostriatal system
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and symptomatic stages of parkinsonism
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Object

Compensatory processes:
 An increase of gene expression
and activity of tyrosine hydroxylase
(TH),
 An increase of dopamine (DA)
release and turnover,
 A decrease of MAO B activity.
Non-expected results:
 Regulations of transcription,
translation and enzymatic activity
of TH are different;
 An increase of TH activity despite
and increase of D2 gene expression.
Triggers of motor disorders:
 A decrease of DA
stimulated release,
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Dopamine synthesis by non-dopaminergic neurons
as a compensatory mechanism under a failure
of tuberoinfundibular dopaminergic neurons
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Neurons expressing enzymes of dopamine synthesis
in the striatum of rats at 6-OHDA-induced degeneration
of nigral dopaminergic neurons
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Nigrostriatal system in MPTP-treated mice:
Neurons expressing individual enzymes of dopamine synthesis
in the striatum
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Conclusion: Degeneration of dopaminergic neurons is followed by an increase of the number of monoenzymatic
fibers and an appearance of the neurons expressing tyrosine hydroxylase in the striatum
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L-leucine is a competitive inhibitor of LAT1 transporter, preventing L-DOPA uptake.
Slices of substantia nigra, containing only bienzymatic neurons served as an additional control.
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Pathways for cooperative synthesis of dopamine
 Dopamine is produced by non-dopaminergic neurons
expressing individual complementary enzymes
of its synthesis in cooperation;
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 Cooperative synthesis of dopamine is a compensatory
reaction under a failure of dopaminergic neurons,
mostly in neurodegenerative diseases
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Conclusions
 Experimental models of Parkinson’s disease at the preclinical stage and early clinical
stage (PD) were developed using MPTP-treated mice;
 A model of PD at the early clinical stage strongly reproduces the pathogenesis
in patients regarding gene expression of α-synuclein and major proteins involved
in neurotransmission;
 Despite a certain degradation of dopaminergic system at the model of PD at the
preclinical stage, motor disorders are prevented due to compensatory processes
– an increase of the gene expression and activity of tyrosine hydroxylase, an increase
of dopamine (DA) release and a decrease of MAO B activity;
 Dopamine in the striatum is produced besides dopaminergic neurons
by non-dopaminergic neurons expressing individual enzymes that is among most
efficient mechanisms of neuroplasticity at PD;
 A transition of the presymptomatic stage to the symptomatic stage, manifested
by the onset of motor disorders is provoked by a decrease of DA stimulated release
and an increase of DA uptake and MAO A activity.
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