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Summary 

Parkinson's disease (PD) is most commonly manifested by the 

presence of motor symptoms. However, non-motor symptoms 

occur several years before the onset of motor symptoms 

themselves. Hallmarks of dysfunction of the respiratory system are 

still outside the main focus of interest, whether by clinicians or 

scientists, despite their indisputable contribution to the morbidity 

and mortality of patients suffering from PD. In addition, many of 

the respiratory symptoms are already present in the early stages 

of the disease and efforts to utilize these parameters in the early 

diagnosis of PD are now intensifying. Mechanisms that lead to the 

development and progression of respiratory symptoms are only 

partially understood. This review focuses mainly on the 

comparison of respiratory problems observed in clinical studies 

with available findings obtained from experimental animal models. 

It also explains pathological changes observed in non-neuronal 

tissues in subjects with PD. 
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Introduction 

 

Parkinson’s disease (PD) is currently the second 

most prevalent neurodegenerative disorder after 

Alzheimer’s disease. It is manifested mainly by motor 

symptoms such as tremor, bradykinesia, postural 

instability, muscle rigidity and weakness due to the 

progressive loss of dopaminergic neurons. The presence of 

general motor dysfunction is associated with dopaminergic 

neuronal damage of substantia nigra pars compacta (SNpc) 

in advanced stages of PD (Braak et al. 2003). Beside 

progressive aggravation of motor dysfunction, there are 

specific non-motor symptoms, which are present in 

advance of several years (Simuni and Sethi 2008). 

Decreased quality of life in PD patients is related to the 

presence of “typical” motor symptoms along with 

constipation, indigestion, urinary retention, dysphagia, 

sleep problems and others.  

In this review, we focus mainly on the processes 

which affect the respiratory system and are associated or 

directly caused by neurodegeneration of Parkinson-type. 

Breathing abnormalities have already been described by 

Jameson Parkinson in 1817 in his “An essay on the shaking 

palsy” (Parkinson 2002). In the early reports on morbidity 

and mortality in PD, pneumonia was a common cause of 

early death. More recent reports indicate that, although 

patient lifespan is improving with optimal medical 

management, pulmonary complications are still the most 

frequent cause of death. Beside quite well-known 

disturbances of airway defensive reflexes, the article 

points to problems of the upper airways, regulation of 

breathing, limited lung volumes etc., thereby highlighting 

the urgency of further clinical and basic research studies in 

this field.  
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Description and analysis of symptoms observed 

in patients with PD is further complemented by data from 

animal models of PD and recent information about the 

molecular background of cellular damage in this type of 

neurodegeneration.  

 

Respiratory function and dysfunction in 

patients with PD 

 

Patients suffering from PD, even in the early 

asymptomatic stages, describe a variety of symptoms of 

different severity associated with the respiratory system. 

They include dyspnea, upper airway symptoms or stridor. 

Little is known about general pathogenesis of these 

conditions, a majority of problems detected in PD are 

believed to be caused directly by neurodegeneration and 

its consequence – which is the lack of proper motor control 

(Torsney and Forsyth 2017). However, there are also some 

other mechanisms which will be further discussed.  

Correct and specifically early diagnosis of 

respiratory problems in PD patients tends to be 

complicated mainly because of the progressive character 

of the disease and motor symptoms which usually cover 

problems with breathing or at least make them less 

bothering. Moreover, patients with PD have reduced 

exercise tolerance and therefore respiratory problems may 

not manifest as they would in otherwise healthy subjects. 

Finally, there is also an impaired perception of symptoms 

such as dyspnea. These are the reasons why PD patients 

are misdiagnosed as anxious or depressed (Weiner et al. 

1978, Onodera et al. 2000, Torsney and Forsyth 2017). 

 

Airway defense processes 

 Airway defense processes such as sneezing, 

coughing or expiration reflex require coordinated motor 

response to produce high thoracic pressure as a driving 

force for powerful expiration which removes the mucus 

and other potential hazards out of the airways (Korpáš and 

Tomori 1979). Insufficient airway protection is a risk 

factor for aspiration pneumonia, mainly, if the “cough” 

problem is associated with the “swallowing” problem – 

frequently seen in PD. In addition to neuronal changes, 

dysphagia and deglutination problems in PD patients are 

a major cause of aspiration pneumonia, a significant 

source of morbidity and mortality (Shill and Stacy 2002). 

It is well documented that cough efficacy is significantly 

reduced already at a moderate stage of PD. The situation 

is similar to muscular dystrophy or amyotrophic lateral 

sclerosis when the maximum cough flow is similarly 

reduced (Suarez et al. 2002, Ebihara et al. 2003). PD is 

characterized by motor problems which considerably limit 

the efficacy of cough expulsions. One of the most 

prominent features contributing to this condition is 

a failure to energize muscles up to the level necessary to 

perform fast or ballistic movements characteristic for 

airway defensive reflexes. Described phenomenon is again 

explained by neural dysfunction, particularly in 

connection with motor control disorders observed by 

decreased dynamic parameters such as exhalation pressure 

in the mouth, electromyographic activity of the abdominal 

muscles and maximum cough flow. These parameters are 

affected mainly in the mild stages of the PD according to 

the Hoehn-Yahr scale (Fontana et al. 1998, Ebihara et al. 

2003). Hoehn-Yahr scale is a scoring system from 1 to 5 

that describes the stages of PD, with 5 being the most 

severe (Hoehn and Yahr 1967).  

Slightly different is the correlation of the sensitive 

component of the cough reflex and disease progression. 

Cough reflex sensitivity measured by inhalation of 

aerosols with gradually increasing concentration of tussive 

substances reflects the threshold of the airway sensory 

nerves. Sensory afferent part of the cough reflex pathways 

seems to be affected in more advanced stages of PD (4-5 

stages of Hoehn-Yahr scale), as documented by Ebihara et 

al. (2003). The same authors also confirmed a significant 

reduction in sputum secretion of local substance P in 

patients with later stages of PD as a possible cause of 

decreased cough sensitivity (Ebihara et al. 2003). These 

results represent the first findings on peripheral 

dysfunctions recognized in respiratory dysfunctions 

associated with PD. Considering these findings, local 

physiological regulation in the respiratory system of 

patients with PD should be evaluated as a highly 

interesting area of research. 

 

Upper airway problems 

Bradykinesia and rigidity of the vocal cords, 

leading to dysarthria and hypophonia (soft speech) is 

common and can be considered a cardinal sign of PD. 

Moreover, up to 70 % of PD patients, even in the 

asymptomatic stage, may suffer from upper airway 

obstruction (UAO). UAO is mostly manifested by stridor. 

It is a result of increased rigidity and fatigue of the 

thyroarytenoid muscles. It occurs more frequently in 

patients with a higher degree of motor symptoms, such as 

postural rigidity, bradykinesia and dorsal column arthrosis 

(Neu et al. 1967, Shill and Stacy 2002, Seccombe et al. 

2011, Torsney and Forsyth 2017). Vincken et al. described 
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two patterns of UAO. The first type referred to “respiratory 

flutter”, with an occurrence of 78 % in their study, is 

characterized by the superimposed rapid oscillation of the 

supraglottic structures and vocal cords (Vincken et al. 

1984). The second type of UAO, with an incidence ranging 

from 22 % to 82 % of patients, is characterized by the 

delay in expiration as a result of irregular but sudden 

changes of the flow-volume loop, at times indicating 

a complete obstruction.  

It is thought that UAO is a direct consequence of 

the dysfunction of basal ganglia that cause changes in 

respiratory muscle response to agonists and antagonists 

actions (Vincken et al. 1984, Hovestadt et al. 1989, Shill 

and Stacy 2002). Differences in these studies vary, 

depending on the number of recruited patients, 

administration or withholding of levodopa during the 

study, or because of the ever-better diagnosis of UAO. 

Several studies demonstrated the positive effect of anti-

parkinsonian treatment by levodopa and apomorphine 

(short-acting dopamine agonist) on UAO (Neu et al. 1967, 

de Bruin et al. 1993, Izquierdo-Alonso et al. 1994, Sabate 

et al. 1996, Herer et al. 2001). Currently, the incidence of 

UAO in PD patients is decreasing, possibly due to 

a significant improvement in the diagnosis of UAO, its 

treatment or more homogenous groups of patients used in 

studies (Izquierdo-Alonso et al. 1994, Torsney and 

Forsyth 2017).  

 

Obstructive and restrictive ventilatory disorders 

Early studies of airway dynamics in PD patients 

revealed lower airway obstructive defect similar to chronic 

obstructive pulmonary disease. It was considered to be 

a dominant ventilatory abnormality in PD (Obenour et al. 

1972). Clinical manifestation of airway obstruction 

includes e.g. wheezing and decreased expiratory flow rate. 

However, due to advances in therapy, better patient 

characterization, and control for obstructive risk factors 

such as smoking, the obstructive ventilatory abnormality 

is now recognized to be less common.  

On the other hand, pathological processes such as 

bradykinesia, dyscoordination, contraction and weakness 

of inspiratory muscles lead rather to the restrictive 

ventilatory dysfunction. The frequency of restrictive 

respiratory dysfunction in PD patients varies from 28 % to 

94 %, depending on the homogeneity in the studies, 

disease progression, or treatment with anti-parkinsonian 

drugs. Decreased chest wall compliance together with 

a tremor pattern of intercostal and scalene muscles and 

fatigue which appears early during repetitive muscle 

activities manifests in pulmonary function testing as 

a restrictive abnormality (Tzelepis et al. 1988). Reduced 

vital capacity, which is a cardinal sign of restrictive 

disorders, in turn, increases the perception of fatigue 

caused by ineffective oxygenation. Restrictive 

abnormalities are less responsive to dopaminergic therapy. 

Studies on the impact of levodopa on this type of 

respiratory problem vary considerably due to the different 

age of the patients, the progression and duration of the 

disease, and the variety of techniques for assessing 

respiratory complications (Weiner et al. 1978, Pal et al. 

2007, Torsney and Forsyth 2017). 

Ventilatory dysfunction is thought to reflect the 

primary pathology of PD and likely correlates with the 

development of motor symptoms such as falls and gait 

freezing but not tremor and bradykinesia. Partial 

correlation with the disease duration was also described 

(Paulson and Tafrate 1970, Bateman et al. 1981, Estenne 

et al. 1984, Sabate et al. 1996, De Pandis et al. 2002, 

Sathyaprabha et al. 2005, Wang et al. 2014). Nowadays, 

more attention is paid to the non-neuronal origin of 

respiratory dysfunction in PD patients. In this case, 

muscular function disorders, in particular weakness of the 

inspiratory muscles, are considered. Therefore, the 

emphasis is placed on the study of inspiratory muscles and 

their weakness as a typical respiratory symptom in these 

patients (Baille et al. 2018).  

 

Regulation of breathing – response to hypercapnia 

Patients suffering from PD also showed reduced 

ability to respond to hypercapnia. This phenomenon can 

be explained by the fact that already in the early stages of 

PD there is selective degeneration of dopaminergic 

neurons in the medulla and carotid body, with subsequent 

CO2 and/or O2 regulation (Seccombe et al. 2011). 

However, clinical studies in this matter are intensely 

discussed as they share conflicting evidence. Furthermore, 

in general, the presence of dyspnea, subjective experience 

of breathing discomfort, is a strong predictor of mortality, 

and a significant indicator of the patient's clinical course 

(Parshall et al. 2012). According to several studies, 

perception of dyspnea was significantly improved by 

levodopa, without improving general pulmonary 

functions, suggesting the central action of the drug 

(Weiner et al. 1978, Onodera et al. 2000, Seccombe et al. 

2011). Although dopaminergic treatment has broad 

observed effects on respiration, the explicit effect remains 

controversial. The measurement results seem to be highly 

dependent on the duration and severity of the disease. It is 
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suggested that with the progression of the disease and the 

subsequent loss of dopaminergic neurons in the middle 

cerebral region and basal ganglia, further 

neurodegenerative processes occur in the medulla, leading 

to impaired respiratory function and ventilation (Torsney 

and Forsyth 2017).  

According to these results, it could be assumed 

that a specific type of pathogenesis should also be present 

at the level of airway tissues. Most research work on PD is 

focused on the central nervous system, the neuronal system 

of animal models or neuronal cell models due to the high 

vulnerability of dopaminergic neurons to toxic changes. 

However, cellular hallmarks of PD are not limited only to 

neuronal dopaminergic cells as mentioned above. Many 

studies document the pathological process is present also 

in non-neuronal tissue. A higher rate of cell death is 

associated with a progressive disorder of intracellular 

physiology and dysfunctions in energy metabolism and 

production of reactive oxygen species, vesicular transport, 

improper protein folding, subsequent reparation and 

degradation, which is commonly associated with protein 

aggregation (Nakagomi et al. 2008, Wang and Hay 2015, 

Nguyen et al. 2019). All these features are currently 

documented by many published articles focused on 

neurodegeneration mechanisms. Whether they are present 

in the respiratory system and whether their severity 

correlates with the severity of typical motor symptoms has 

never been studied. However, the importance of these 

pathological changes in non-neuronal systems altered in 

PD is worth the attention as they can represent early 

markers of PD and thus having promising clinical 

applications in the diagnostic process.  

 

Lessons learned from animal models of PD 

 

The use of animal models to study respiratory 

problems associated with PD has only recently emerged in 

the literature. Several 6-hydroxydopamine-induced 

(6-OHDA) rodent models were used in these studies. To 

our best knowledge, there is no study that would analyze 

respiratory functions in genetic models of PD in laboratory 

animals.  

A significant positive correlation with clinical 

studies is apparent in experimental studies with induced 

neurodegeneration in neuronal population responsible for 

respiratory control. In general, the reduction in the number 

of dopaminergic neurons in the SNpc induced by the intra-

striatal administration of 6-OHDA in animals is associated 

with a significant decrease in the number of neurons in 

respiratory control centers. Most of the research regarding 

this topic is focused on the response to PaCO2 in relation 

to central and peripheral chemoreception. Central 

chemoreception itself is tightly controlled by specific 

types of neurons localized in the brainstem (Feldman et al. 

2003, Guyenet and Bayliss 2015, Oliveira et al. 2017, 

Oliveira et al. 2018). These include retrotrapezoid nucleus 

(RTN), locus coeruleus (LC), medullary raphe, 

hypothalamic orexinergic neurons and nucleus of the 

solitary tract (NTS) (Dean et al. 1989, Mulkey et al. 2004, 

Takakura et al. 2006, Oliveira et al. 2017). 

Bilateral intra-striatal injection of 6-OHDA 

results in a decrease in the density of neuronal markers 

(NeuN) (Lima et al. 2018), the number of tyrosine 

hydroxylase positive (TH+) neurons (Tuppy et al. 2015) 

and catecholaminergic neurons (Oliveira et al. 2017). 

Furthermore, the number of catecholaminergic neurons 

varies in periaqueductal grey (PAG) regions, as well as 

projections between PAG and RTN neurons was also 

significantly reduced (Tuppy et al. 2015, Lima et al. 2018).  

Physiologically, these animals exhibited 

a decrease in the tachypnoeic response to hypercapnia but 

not to hypoxia exposure, suggesting that respiratory 

deficits in the bilateral 6-OHDA rat PD model are very 

likely of central origin. In addition, a decrease in resting 

diaphragm muscle activity (DiaEMG) was observed. 

Similarly, there is a reduction in hypercapnia-induced 

DiaEMG, genioglossus (GGEMG) and abdominal 

(AbdEMG) frequencies, and GGEMG and AbdEMG 

amplitudes (Lima et al. 2018). These results suggest that 

respiratory problems in the 6-OHDA rat PD model are 

closely related to the down-regulation of neuronal 

populations responsible for the generation of the 

respiratory rhythm (Tuppy et al. 2015). Furthermore, this 

model of PD confirmed that there is an indirect pathway 

between SNpc and RTN neurons that pass through PAG 

region, with defects occurring exclusively in this neuronal 

pathway (Lima et al. 2018). 

In relation to catecholaminergic neurons, 

a massive loss of these neurons was observed in SNpc 

(86 %) and LC (83 %) regions in these animals. In the 

group of animals with a 6-OHDA-induced lesion in SNpc, 

the reduction in the ventilation response to hypercapnia 

was restored 60 days after induction of the PD phenotype, 

but this effect was not observed in animals with a lesion in 

LC region. In further experiments, where hypercapnia was 

induced either in the RTN or LC regions, an increase in c-

fos positive neurons was observed in the LC region, 

corresponding to the increased activity of these cells. 
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A complete opposite effect – a decrease of c-fos positive 

neurons was observed in the hypercapnia induced in the 

RTN region. These results suggest that LC 

catecholaminergic neurons may be responsible for 

mediating chemoreceptor function in this PD model 

(Oliveira et al. 2017). 

In another study using the model of bilateral intra-

striatal injection of 6-OHDA, the authors focused on 

changes related to orexin neurons. These neurons are 

localized exclusively in the hypothalamus and are thought 

to be an important part of the regulation of the sleep-wake 

states (Sakurai 2007, Oliveira et al. 2018) and breathing 

(Williams et al. 2007, Williams and Burdakov 2008, 

Oliveira et al. 2018). The authors observed a significant 

decrease in the total number of orexinergic neurons as well 

as the number of orexinergic neurons projecting into the 

RTN. However, the number of CO2-activated orexinergic 

neurons remained unchanged during the dark phase of 

animal biorhythm. In PD-induced animals, a disturbed 

respiratory response to hypercapnia was observed during 

the dark phase in both awake and sleeping animals. These 

findings contrasted with the findings observed during the 

light phase. The authors, therefore, suggest that the 

degeneration of orexinergic neurons may lead to impaired 

chemoreceptor function in the dark phase (Oliveira et al. 

2018). 

Several studies have focused on respiratory 

function in the rat model of PD with a unilateral lesion in 

the SNpc induced by 6-OHDA. Unilateral damage of the 

nigrostriatal pathway by 6-OHDA administered to the 

correct middle anterior brain bundle (MFB) resulted in 

a slight increase in tidal volume during normoxia. Under 

hypercapnia conditions, the respiratory volume response is 

even more pronounced, the respiratory rate is reduced 

followed by enhanced minute ventilation as a response to 

CO2. However, norepinephrine levels remained 

unchanged, with specific changes affecting mainly 

dopamine and serotonin. These changes in neuromediators 

concentrations could be responsible for the breathing 

changes observed in this model. As a possible mechanism 

of different modulation of phrenic and hypoglossal 

reactions, the authors suggest the involvement of a 

modified mechanism of dopamine efflux and of serotonin 

and orexin during hypoxia (Andrzejewski et al. 2019). 

Recent literature mentioned also one murine PD 

model based on bilateral administration of 6-OHDA into 

the striatum. A decrease in resting respiratory frequency 

was observed due to increased expiratory time and 

decreased hypercapnic ventilatory response was also 

described. Measurements focused on different respiration-

related parameters revealed a stiffened ribcage in these 

animals. This phenomenon of increased stiffness in the 

chest was accompanied by abnormal accumulation of 

collagen in the alveolar septum and airways. These data 

suggest that respiratory dysfunction in 6-OHDA-induced 

PD model is caused by neurodegeneration in “respiratory 

brainstem centers” and pathological processes which 

affect chest muscles and airways. Both central and 

peripheral processes interact contributing to PD-related 

respiratory disorders (Oliveira et al. 2019). 

These studies using rodent PD models provide 

a clear signal that these models are able to recapitulate the 

respiratory defects associated with PD. In addition, the 

results described above confirm a strong correlation 

between clinical findings and data obtained in animal 

models. 

 

Lessons from the peripheral tissue pathology 

associated with PD neurodegeneration 

 

Typical markers of PD pathology in the neuronal 

cells are already well summarized. Intracellular 

pathogenesis slightly varies from case to case according to 

the number of specific manifestations of a certain 

dysfunction. However, it is assumed that the dysfunction 

of mitochondria plays an integral role in intracellular 

pathogenesis (Park et al. 2018). The key processes 

associated with mitochondrial network degeneration 

include disruption of respiratory chain efficiency leading 

to higher reactive oxygen species (ROS) production 

(Perfeito et al. 2012), as well as the imbalance in 

fission/fusion processes of mitochondrial network (Park et 

al. 2018). Disruption of biomembrane dynamics is another 

common feature of neuronal pathogenesis that occurs in 

several types of neurodegenerative disorders including 

PD. Affected organelles include Golgi apparatus (Gonatas 

et al. 2006), endoplasmic reticulum (Guardia-Laguarta et 

al. 2014, Gomez-Suaga et al. 2018) and generally transport 

of the vesicles, which is underlined in particular by 

reduced dopamine release (Nemani et al. 2010). These 

intracellular conditions are supposed to present a risk for 

disruption of calcium homeostasis and an increase in 

oxidative stress, which usually results in unspecified 

protein damage with an increased demand for synthesis or 

reparation of misfolded proteins. This condition is closely 

related to the parallel increase of stress of endoplasmic 

reticulum, as well as metabolic and inflammatory 

disorders (Omura et al. 2013).  
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Cytoplasmic aggregates of misfolded proteins are 

the strongest diagnostic markers of neurodegenerative 

disorders in neuronal cells (Braak et al. 2003). In the case 

of PD, specific Lewy bodies with prevalent aggregated α-

synuclein deposits were identified in humans in different 

tissue types. Recent studies provide more and more data 

on the broad distribution of aggregated forms of α-

synuclein in non-neuronal tissues. The most predisposed 

tissues alongside the nervous system are gastrointestinal 

tract in general, but they also include endocrine organs 

with surrounding adipose tissue, kidneys, urinary tract 

(Beach et al. 2010) and muscles (Askanas et al. 2000). In 

this respect, the lack of information about the presence of 

α-synuclein aggregates in the respiratory system could 

encourage further research in this area. On the other hand, 

several phenomena recently observed in the tissues of the 

respiratory system correspond very well to cellular 

degeneration of neurons during PD pathogenesis. 

In this context, abnormality in electrophysiology 

of smooth muscle has been demonstrated in a chronic 

murine model of PD (Rota et al. 2019). As mentioned 

above, common respiratory muscle weakness is also 

observed (Fontana et al. 1998, Ebihara et al. 2003). This 

phenomenon is only partially explained by the decreased 

activity of motor nerve fibers that are subject to 

neurodegeneration. However, neuromuscular junctions are 

characterized by relatively high expression of α-synuclein. 

The physiological role of α-synuclein in muscles is still 

unknown but are believed to have a stimulating effect on 

the parallel amyloid β deposition as well as on de novo 

production of additional muscle fibers (Askanas et al. 

2000).  

In addition, in a toxic animal model of PD based 

on 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 

administration, apoptotic mediators were also upregulated 

in skeletal muscle of mice (Erekat 2015). Further in vitro 

studies have revealed the catalytic effect of oxidative stress 

on these events (Hashimoto et al. 1999). Furthermore, 

strong α-synuclein positivity has been documented in the 

vascular endothelium as well as in smooth muscle cells 

(Tamo et al. 2002). Again, the prominent role of α-

synuclein in this type of tissue is unknown, but, similarly 

to amyloid ß, it has been suggested that overexpression of 

α-synuclein in endothelial or smooth muscle cells is 

associated with higher levels of oxidative stress (Jahroudi 

et al. 1998).  

In animal PD model based on subacute 6-OHDA 

administration, an increase in endothelial nitric oxide 

production (Antosova et al. 2017) along with pro-

inflammatory prostaglandins and cytokines during the 

development of endothelial inflammation was observed. 

As expected, the accumulation of monocytes in the 

vascular endothelium was detected in this process (Fu et 

al. 2017). Immune system stimulation was also observed 

as a consequence of the α-synuclein aggregation in 

myenteric plexus of gastrointestinal tract when 

macrophages have penetrated the site of deposition but 

were unable to clear tissue from a misfolded α-synuclein. 

All these findings provide a supportive explanation for the 

fact that systemic inflammation is present in PD patients 

(Phillips et al. 2013).  

Although there is a critical lack of information on 

the local pathology of airway tissues, a corresponding 

pattern of neurodegenerative and obstructive diseases can 

be found. Data from the analysis of coincidence of chronic 

obstructive pulmonary disease (COPD) with PD show 

unequivocally high co-morbidity of both diseases (Li et al. 

2015). Consistently, recently obtained data have revealed 

local changes of tissue morphology in the respiratory tract, 

which are parallel to PD-like neurodegeneration in animal 

model. In mice, with 6-OHDA administration to the 

striatum exposure, immunohistology analysis has proven 

constitutional change of lungs. A significantly higher 

proportion of collagen fibers in alveolar septa and airways 

was confirmed together with increased airway resistance, 

elastance and viscance (Oliveira et al. 2019). Chronic 

bronchitis in obstructive pulmonary disease is currently 

a well-documented fact with the critical role of increasing 

ROS production in the process of disease pathogenesis. In 

favor of the similarity of COPD to neurodegeneration, data 

provided from mitochondrial research confirm disruption 

of fission/fusion processes and higher levels of ROS 

production by damaged mitochondria (Boukhenouna et al. 

2018). In a study by Weidner et al. (2018), the morphology 

of endoplasmic reticulum in patients with COPD was also 

found to be altered in comparison to healthy subjects. 

Conversely, not so high degree of similarity was observed 

with other organelles. The Golgi apparatus appears to be 

slightly smaller in the pulmonary fibroblasts of COPD 

patients (Golgi / nucleus ratio). This is in contrast to 

neurodegeneration where this organelle is fragmented and 

dispersed throughout the cell (Weidner et al. 2018).  

 

Conclusions 

 

In the context of PD, more and more attention is 

currently being paid to the study of early pathological 

changes. Non-motor symptoms of the disease occur much 
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earlier than the onset of motor symptoms. In this context, 

attention is also dedicated to respiratory problems, which 

often manifest in the early stages of the disease and worsen 

with disease progression. In addition, in 2018, an Israeli 

team published a study describing breath test that can 

detect early stages of Parkinson’s disease based on an 

electronic system for detecting volatile molecules in 

exhaled air (Finberg et al. 2018).  

However, the precise mechanisms of respiratory 

system disorders in these patients are not fully elucidated 

and it represents a strong challenge for researchers to 

deepen the knowledge in this field. Very likely, these 

symptoms are consequences of combined pathogenic 

processes e.g. neurodegeneration affecting respiration-

related neurons at the central level combined with 

peripheral mechanisms such as stiffness of thorax, 

weakness of respiratory muscles, obstruction of the 

airways etc. We can learn a lot from experimental animal 

models that are well established and capable of 

reproducing the symptoms observed in PD patients. The 

second option is the use of cellular models themselves, 

which are already characterized in detail and thus represent 

an ideal model for studying changes at the molecular level. 

Also, we must not forget about studies on other non-

neuronal tissues that could help identify the source of the 

higher or lower vulnerability of specific cell types to PD 

degeneration. 
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