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ABSTRACT
The present work focuses on the physiopathology of Parkinson’s disease (PD), analyzing the alterations in neuro-
transmitter profile of the basal ganglia triggered by the degeneration of cells from the substantia nigra compacta 
(SNpc). For this purpose, the neurochemical, morphological and molecular changes of the pedunculopontine nucleus 
(PPN) of rats upon the induction of hemiparkinsonism were evaluated with surgical, immunochemical and molecular 
biology techniques together with cerebral microdialysis and behavioral tests, also examining the effect of systemic 
treatments with MK-801 or (-) nicotine or the results of subthalamic injury on these changes. The results evidenced 
an increase in the extracellular concentration (EC) of glutamate (Glu) (p < 0.001) and GABA (p < 0.001) as well as 
a higher density of muscarinic receptors, together with a statistically significant decrease in the density of BDZ ga-
baergic receptors (p < 0.001) and mu opioid receptors (p < 0.01) in the PPN of hemiparkinsonian rats. Our results 
also constitute the first published description of cell death in the PPN of hemiparkinsonian rats. All the treatments 
achieved a statistically significant decrease in the Glu (p < 0.01) and GABA (p < 0.001) EC in the PPN, with a neu-
roprotective effect on the dopaminergic cells of the ventral tegmental area and the SNpc itself. The administration 
of (-) nicotine improved the striatal expression of brain-derived neurotrophic factor (p < 0.01). We conclude that 
the PPN of hemiparkinsonian rats displays neurochemical changes which can be modified and/or reverted by the 
treatments described in this work. Our results had the added benefit of requiring the local manufacture of cerebral 
microdialysis cannulae, resulting in significant cost savings. 
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Introduction 
One of the distinctive features of Parkinson’s disea-
se is the presence of dopaminergic deficiencies (PD) 
[1]. Consequently, the neurotransmission and functio-
nal relationships between the nuclei of basal ganglia 
have been extensively studied in literature (BG) [2]. 
In comparison, changes such as those taking place in 
the pedunculopontine nucleus (closely related anato-
mically and functionally to the BG) during PD remain 
considerably less well-examined. [3]. However, recent 
advances in the dissection of the anatomic and functio-
nal organization of the BG and their relationship to the 
PPN have revolutionized the concepts regarding the 
dominant role of the classical motor cortex-striatum-
BG-thalamus-motor cortex circuit, acknowledging the 
PPN as a mayor player in the integration of cortical, 
thalamic and BG impulses and as a first-order relay 
between cerebral cortex and spinal chord [4, 5]. 

The description of the relationship between do-
paminergic deficiencies and the pathogenesis of PD 
constituted the foundation for the first successful phar-
macological treatment of this disease through the ad-
ministration of L-dihydroxyphenylalanine (L-DOPA), 
a precursor for the biological synthesis of dopamine 
(DA) [1]. However, since long-term therapy with L-
DOPA results in multiple side effects and fluctuations 
in the motor response [6], a number of different thera-
peutic alternatives (both surgical and pharmacological) 
have been employed in an attempt to repair the neu-

rochemical imbalance associated to the degeneration 
of the nigrostriatal pathway. The use of glutamatergic 
antagonists to attenuate the increased activity of this 
neurotransmitter system in PD and, more recently, the 
utilization of neuroprotective strategies that try to stop 
or slow down the rate of cell death in nigral cells are 
among the main pharmacological alternatives. [7]. 

One such strategy is the use of (-) nicotine, singled 
out after the startling discovery of lower incidences 
of PD among smokers. The last decade has witnessed 
a surge in research examining the possible neuropro-
tective role of (-) nicotine, preventing cell death in the 
SNpc [8]. According to literature, the neuroprotecti-
ve effects of this substance during PD stem mainly 
from the release of brain-derived neurotrophic factor 
(BDNF) and striatal DA from cells surviving neuro-
toxic damage as well as from the intracellular signa-
ling following the stimulation of nicotinic receptors 
[9-11].  

Other neuroprotective strategies have promoted the 
therapeutic use of N-methyl D-aspartate (NMDA) re-
ceptor antagonists such as amantadine and MK-801, 
which decrease the glutamatergic excitatory drive 
over the efferent nuclei of the BG and the SNc itself 
[12]. Although glutamatergic activity seems to play a 
positive role during early stages of PD by stimulating 
the compensatory pre-synaptic mechanisms that con-
tribute to maintain the striatum under dopaminergic 
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