
Advances in Parkinson’s Disease, 2017, 6, 39-44 
http://www.scirp.org/journal/apd 

ISSN Online: 2169-9720 
ISSN Print: 2169-9712 

DOI: 10.4236/apd.2017.61004  February 28, 2017 

 
 
 

Parkinson’s Disease: Examining the Role of the 
Pedunculopontine Nucleus via Animal Models 

Bridgett Boxley 

Department of Behavioral Brain Sciences, University of Texas at Dallas, Richardson, USA 

 
 
 

Abstract 
Parkinson’s disease is a neurodegenerative disease that spreads rapidly through 
the brain, and can influence a number of vital systems. The cause of this dis-
ease appears to be brought on by the progressive inability to produce adequate 
dopamine in the brain. People that suffer with Parkinson’s have reported 
REM sleep disruption at the onset of the condition. This paper reviews several 
animal model lesion studies related to the Pedunculopontine Nucleus, and 
how it plays a role in sleep regulation following a decline in dopamine pro-
duction in those with parkinsonian conditions. The goal of this paper is to 
elucidate the functioning of the PPN and explain the nuclei’s possible role in 
the onset and progression of parkinsonian conditions in animal models. 
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1. Introduction 

Parkinson’s disease is a neurodegenerative disease that spreads rapidly through 
the brain, and can influence a number of vital systems. The cause of this disease 
appears to be brought on by the progressive inability to produce adequate do-
pamine in the brain. The drop in dopamine causes a disruption in communica-
tion from the substantia nigra to the corpus striatum that results in severe im-
pairments. People that suffer with Parkinson’s may experience an inability to 
control fine and gross motor movement, incontinence, memory loss, REM sleep 
disruption, and emotional distress, just to name a few. REM sleep disorders are 
of particular importance for individuals facing progressive neurodegenerative 
disease because it can cause a more rapid decline in health. The specific cause of 
this sudden decline in dopamine is unknown, but it is thought to be both envi-
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ronmental, and genetic in nature. People that develop this disease have a grim 
prognosis, as there are very few options currently available. As with most stu-
dies, human subjects are few and far between, so we are mostly reliant on animal 
studies. Although animal physiology differs from humans, the Pedunculopon-
tine functioning is observed to be consistent across species (rats, cats, humans, 
monkeys) [1]. Through animal studies of various types, we have begun to de-
velop a possible working schematic of this area’s properties, and how they may 
help find a treatment for Parkinsonian symptoms [2]. 

2. Understanding Parkinsonian Symptoms and Their  
Neurological Basis: Basal Ganglia 

First and foremost, Parkinson’s is a disease that attacks the nervous system. The 
area that is most involved in the degeneration is the Basal Ganglia, or more spe-
cifically, the substantia nigra. The substantia nigra is broken down into two 
components known as the pars compacta and the pars reticulata. Of these two 
partitions, the substantia compacta are considered to be the most important do-
paminergic component. In the substantia nigra, the substantia compacta projects 
to both direct and indirect pathway neurons in the striatum. One pathway re-
sults in excitation (direct), and the other results in inhibition (indirect). The sys-
tem of excitation and inhibition run on a delicate balance of positive and nega-
tive feedback that can only be maintained properly by the basal ganglia. The do-
paminergic pathway, also called the nigrostriatal pathway, goes directly from the 
nigra compacta to the striatum via two types of dopamine receptors. The direct 
pathway cells depolarize the cells in anticipation of a new dopamine charge. The 
indirect pathway cells hyperpolarize the cell in response to the action potential. 
This dual pathway system results in two pathways of excitation that need to re-
main balanced in order to produce movement. When one pathway becomes fa-
vored over the other, compensation begins to take place. Other areas of the brain 
remain abnormally excited, which keeps the opposing pathway inhibited. In the 
case of Parkinson’s disease, the indirect pathway remains hyperpolarized. The 
causes the thalamus to also remain inhibited which results in an inability to in-
itiate movement. 

3. Understanding Parkinsonian Symptoms and Their  
Neurological Basis: PPN 

One interesting finding that could mean a better treatment for Parkinson’s suf-
fers is that of the Pedunculopontine (PPN, PPT, PPTg) area as regulatory nuclei. 
The specific role this area plays in the onset and progression of Parkinson’s is 
still unclear, however, there has been much research in the area to try to under-
stand its functioning. First, the Pedunculopontine nucleus (PPN) is an area lo-
cated caudal to the substantia nigra and adjacent to the cerebellar peduncle. 

In order to understand the implications of the PPN’s functioning, it is impor-
tant to understand its communications. The PPN receives reciprocal communi-
cations that span from the brain stem, up into the cortex. Major areas that the 
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PPN communicates with are the basal ganglia, somatosensory and motor cortex, 
subthalamic nucleus, and the thalamus. Although communication pathways 
have been empirically established, it is still difficult to determine the primary 
communication mean of the PPN. For example, the PPN receives inhibitory af-
ferents from the output nuclei of basal ganglia from the SNr and EP and the ex-
citatory projections from the subthalamic nucleus [3]. The PPN also projects ex-
citatory communication to the substantia pars compacta (but does not receive). 
The way in which the PPN communicates with the Basal Ganglia is of particular 
importance to this review. Unlike the substantia nigra, its neurons are primarily 
glutamatergic and cholinergic. We will revisit these two points later in the lite-
rature review. 

4. REM Sleep Disruption Parkinson’s Disease in Humans 

There are many signs that may point to the onset of Parkinson’s disease. Tre-
mors, loss of fine motor control, loss of olfaction, changes in gait and motion, 
bowel disturbance, soft speaking, paralyzed facial expression, and stooping 
posture are all early symptoms. These symptoms, independent of each other or 
in any combination, can also point to a number of other physiological ailments 
[4]. Unfortunately, at the current state of medical diagnosis, by the time the pa-
tient is exhibiting these symptoms, they’ve already lost almost half of their do-
paminergic pathway. 

The reason for examining REM sleep disorders above all other symptoms of 
Parkinson’s is because it is the single best predictor of neurodegenerative disease 
[5]. Specifically, a type of REM sleep disorder known as REM Sleep Behavior 
Disorder, causes the individual to not achieve atonia while in REM sleep, caus-
ing the person to act out their dreams. An example of this would be a person 
that frequently sleep walks. Although sleep may be initiated in the brain stem, it 
is possible that the PPN is the relay that initiates the various phases of that sleep 
cycle [6]. 

5. REM Sleep Disruption Studies of Induced Parkinson’s Like  
Symptoms in Animals 

When lesioning an area of the brain to check for system functioning, it is im-
portant to control for the type of lesioning that is taking place. Some studies le-
sion the PPN without accounting for the fact that there are both cholinergic and 
GABAergic neurons that comprise the PPN. This type of indiscriminate lesion 
will yield results that are not inconclusive. It is postulated that the most accurate 
way to produce Parkinson’s in animal subjects is to inject them with a synthetic 
drug compound known as MPTP (methylphenyltetrahydropyradine). This drug 
(initially discovered by drug addicts) destroys the user’s dopamine neurons, 
whilst sparring other pathways in the brain. 

6. Lesioning the PPN 

A particular study conducted by Petrovic, 2014 sought to use the proposed 
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mouse model to investigate the PPN’s role in regulating REM sleep cycles via the 
cholinergic pathway. In this study, the researchers used 33 Wistar rats, and per-
formed a bilateral lesion of the PPN. 

Following the lesion, an EEG was implanted to begin recording the brain ac-
tivity. Following the period of recording, the animals were sacrificed and had 
their brains removed for staining. The recordings were passed through a Fourier 
transform to access for REM and NREM states. In addition to the filter, the re-
searchers separated the REM sample into REM 1 (without atonia) or REM2 
(with atonia). The data showed a significant change in the sensorimotor cortex 
when transitioning from wake to REM1 and wake to REM2. This increased ac-
tivity suggests that the PPN lesion has decreased the necessary atonia to keep the 
animal from initiating movement while in REM sleep phase. The rapid cycling 
coupled with increased beta and theta wave amplitudes means that the individu-
al is more likely to initiate stronger action potential to the sensorimotor and 
motor cortices. In a similar study, researchers interested in using stimulation to 
counter the “freezing” of parkinsonian patients used EEG data to access the pa-
tient’s brain waves as they were trying to initiate movements. They found that 
when the patients began to “freeze” their Alpha waves peaked strongly. This is 
against what you would expect to find in an awake individual. Perhaps the over-
all change in dopamine causes a disruption in more than just the chemical ma-
keup of the brain. Perhaps the lesion of the PPN results in damage to other 
areas? [7]. This next study reviews how the PPN related to areas along the striat-
al pathway and with its anatomically adjacent structures. 

7. Lesioning the Nigrostriatal Pathway 

So, as I have mentioned previously the PPN projects excitatory communication 
to the substantia pars compacta (but does not receive), but unlike the substantia 
nigra, its neurons are primarily glutamatergic and cholinergic. These projections 
are strong compared to other efferent to the compacta. A particular study con-
ducted by Breit and colleagues sought to use the proposed mouse model to in-
vestigate the PPN’s role in tipping the nigrostriatal pathway from balanced to 
imbalanced. In this study, the researchers used 22 Wistar rats, and lesioned their 
areas of interest balanced on the stereotaxic atlas for this breed. They began with 
a lesion to the substantia nigra compacta, and recorded the changes in firing 
rates of the PPN. After one week, the researchers performed a second lesion to 
the subthalamic nucleus, and again, recorded the activity of the PPN. Following 
a one-week period of recording, the researchers sacrificed the lab animals, re-
moved the brain, and used a tyrosine hydroxylase stain to access the level of de-
generation along the dopaminergic pathway. 

8. Results and Discussion 

Following the lesioning of the Nigrostriatal pathway and substantia compacta, 
PPN activity increased by 5 cells firing at 18 spikes per second. The variation 
here also increased, suggesting that the firing pattern became erratic in nature. 
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What is interesting about this is that, when the compacta lesion occurred, the 
spikes became shorter and more rapid. Once the subthalamic nucleus was le-
sioned, the activity in the PPN dropped below the normal rate for the population 
in firing rate and interval spikes, but the number of cells that fired remained 
elevated, and the irregularity of firing remained. This artifact could be due to a 
neuroplasticity change that occurred as a result of the first lesion, or it could 
signal an error in the amount of tissue that was lesioned. If more than the direct 
pathway of the compacta was lesioned, lesioning the subthalamic nucleus as well 
would only blunt the PPN firing. I will revisit this in the limitations. 

After lesioning the substantia compacta, the PPN began to fire rapidly. This 
lesion would mimic the imbalance created by the change from balanced path-
ways to primarily indirect pathway. The lesion to the subthalamic nucleus was 
able reverse the rapid fire condition of the PPN, to a semi normal state. This re-
sult, confirms what we knew of the substantia compacta and the subthalamic 
nucleus, but brings to light evidence of the idea of that the PPN being might be a 
regulatory area almost similar to the function of the LGN to the thalamus. 

9. Limitations 

Due to the nature of the lesions discussed in both studies, I would like to see the 
experiments replicated using a different method of inducing wide spread Par-
kinsonian symptoms. Although I understand the use of a lesion to examine the 
implications of selected areas, the use of MTPT would give a more thorough and 
real world model of what Parkinson like damage of the compacta would do the 
striatal pathway. It is possible that the PPN was thrown in to a compensatory 
loop based on another connection down the line. Given the number of pathways 
and areas that the PPN is communicating with, it is unreasonable to say that it is 
a regulator in and of itself. In the studies published by Breit and colleagues and 
Petrovich and colleaguesin which researchers chose to lesion using ibotenic acid 
or 6hydroxydopamine in a targeted area. 

Pienarr and accompanying researchers conducted a similar animal model of 
Parkinson’s Disease using rats. In their study, researchers induced lesion via un-
ilateral substantia nigra pars compacta stereotaxic injection of the proteasome 
inhibitor Lactacystin. The researchers found that the degradation of mRNA le-
vels remained unaltered, which suggests that the Lactacystin injection inhibited 
proteasome in the PPN. Proteasome is considered responsible for intracellular 
degradation of regulatory proteins. Although the researchers were investigating 
cholinergic degradation, the finding suggests a new, possibly more reliable, 
model of Parkinsonian effects on the PPN [2]. 

10. Conclusion 

In this review, I have discussed the possible causes, symptoms, and neurological 
basis for Parkinson’s disease. As previously stated, Parkinson’s disease is a neu-
rodegenerative disease that spreads rapidly through the brain, and can influence 
a number of vital systems. The drop in dopamine causes a disruption in com-
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munication between brain areas, resulting in a very uncomfortable death. People 
that suffer with Parkinson’s suffer with the inability to control fine and gross 
motor movement both voluntary and involuntary, memory loss, emotional dis-
tress, and sleep disruption. REM sleep disorders are of particular importance for 
individuals facing progressive neurodegenerative disease because it can cause a 
more rapid decline in health. Although we have made great strides in under-
standing the “why” of this disease, we are far from understanding all of the 
symptoms, and even farther from establishing a cure for the disease in general. 
The medical and scientific community seems to be leaning towards stimulation 
as a means of slowing the progression of the patient’s symptoms, but what we 
have demonstrated with this literature review is that the approach will likely 
need to have pharmacological intervention as well as brain stimulation to regu-
late the imbalances. I would even go so far as to say that a surgical lesion of 
overactive areas could be considered when finding a treatment. 
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