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Parkinson’s disease (PD) is one of the most widespread neurodegenerative diseases. In spite of the large number of researches,  
the problem of earlier diagnosis and targeted pathogenetic therapy remains relevant. For more than 20 years, scientists have 
been continuing to study potential diagnostic and prognostic PD biomarkers. An accurate diagnostic biomarker can help 
identify PD before motor symptoms occur, or when motor and non-motor symptoms are insufficient to diagnose, and also can 
be used to differentiate between idiopathic PD and other forms of parkinsonism.

The aim of the research is to analyze the last studies of potential PD biomarkers in human biological fluids.

Conclusions. Most studies of recent years indicate that the level of total α-synuclein, its oligomers in blood plasma and its 
formed elements is elevated in patients at the early stages of PD, and it can be a valuable prognostic biomarker for disease 
progression, in particular its motor symptoms. Studies of the level of this potential biomarker not only in blood plasma and its 
formed elements, but also in neuronal exosomes, are promising. The negative impact of oxidative stress in PD is a significant 
trigger for irreversible pathogenetic processes that affect the development of neurodegenerative changes. Perspectives of 
further researches may lay not only in identifying the concentrations of nitrotyrosine and oxidative stress components and 
antioxidants in the blood of PD patients, but also in determining of the effect of antiparkinsonian and neuroprotective drugs on 
the antioxidant system in order to pathogenetically justify their use for reducing of oxidative stress. It is promising to study the 
activity of melatonin in the context of its relationship with the components of oxidative stress and antioxidants by determining 
their concentrations in blood of PD patients.

Сучасний погляд на потенційні біомаркери хвороби Паркінсона (огляд)

А. В. Демченко, В. В. Бірюк
Хвороба Паркінсона (ХП) – одне з найпоширеніших нейродегенеративних захворювань. Незважаючи на велику кількість 
досліджень, що присвячені ХП, проблема ранньої діагностики та таргетованої патогенетичної терапії залишається 
актуальною. Науковці вже понад 20 останніх років досліджують потенційні діагностичні та прогностичні біомаркери ХП 
на різних стадіях захворювання. Точний діагностичний біомаркер може допомогти ідентифікувати ХП до виникнення 
моторних симптомів або коли моторних і немоторних симптомів недостатньо для встановлення діагнозу, а також його 
можна використовувати для диференційної діагностики між ХП та іншими неврологічними захворюваннями, зокрема 
під час диференціювання між ідіопатичною ХП та іншими формами паркінсонізму.

Мета роботи – проаналізувати останні дослідження потенційних біомаркерів ХП у біологічних рідинах людини.

Висновки. У більшості проаналізованих досліджень останніх років визначено, що рівень загального α-синуклеїну, його 
олігомерів у плазмі крові та її формених елементах є підвищеним у пацієнтів на ранніх стадіях ХП, а також є цінним 
прогностичним маркером щодо прогресування захворювання, зокрема його моторних симптомів. Перспективними є 
дослідження рівня потенційного біомаркера не тільки у плазмі крові та її формених елементах, але й у нейрональних 
екзосомах. Негативний вплив оксидативного стресу при ХП – суттєвий тригер незворотних патогенетичних процесів, 
які впливають на розвиток нейродегенеративних змін. Перспективними можуть бути не тільки дослідження з вияв-
лення концентрацій компонентів нітрозативного та оксидативного стресу, антиоксидантів у крові пацієнтів з ХП, але 
й з визначення впливу протипаркінсонічних і нейропротективних препаратів на стан антиоксидантної системи для 
патогенетичного обґрунтування їх використання для нівелювання проявів оксидативного стресу. Перспективним є 
дослідження активності мелатоніну в контексті його зв’язків із компонентами оксидативного стресу та антиоксидантами 
шляхом визначення їхніх концентрацій у крові пацієнтів з ХП.

Современный взгляд на потенциальные биомаркеры болезни Паркинсона (обзор)

А. В. Демченко, В. В. Бирюк

Болезнь Паркинсона (БП) – одно из наиболее распространённых нейродегенеративных заболеваний. Несмотря на 
большое количество исследований, посвящённых БП, проблема ранней диагностики и таргетированной патогенети-
ческой терапии остаётся актуальной. Ученые более 20 последних лет исследуют потенциальные диагностические и 
прогностические биомаркеры БП на разных стадиях заболевания. Точный диагностический биомаркер может помочь 
в идентификации БП до появления моторных симптомов или когда моторных и немоторных симптомов недостаточно 
для установления диагноза, а также может быть использован для дифференциальной диагностики между БП и дру-
гими неврологическими заболеваниями, в частности при дифференцировании между идиопатической БП и другими 
формами паркинсонизма.
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Цель работы – проанализировать последние исследования потенциальных биомаркеров БП в биологических жид-
костях человека.

Выводы. В большинстве проанализированных исследований последних лет указано, что уровень общего α-сину-
клеина, его олигомеров в плазме крови и ее форменных элементах повышен у пациентов на ранних стадиях БП, а 
также может быть ценным прогностическим маркером прогрессирования заболевания, в частности, его моторных 
симптомов. Перспективными являются исследования уровня потенциального биомаркера не только в плазме крови 
и ее форменных элементах, а и в нейрональных экзосомах. Отрицательное влияние оксидативного стресса при БП 
– существенный триггер необратимых патогенетических процессов, которые влияют на развитие нейродегенератив-
ных изменений. Перспективными могут быть не только исследования по установлению концентраций компонентов 
нитрозативного и оксидативного стресса и антиоксидантов в крови пациентов с БП, но и по определению влияния 
противопаркинсонических и нейропротективных препаратов на состояние антиоксидантной системы с целью патоге-
нетического обоснования их использования для нивелирования проявлений оксидативного стресса. Перспективным 
является исследование активности мелатонина в контексте его взаимоотношений с компонентами оксидативного 
стресса и антиоксидантами путем определения их концентраций в крови пациентов с БП.

Parkinson’s disease (PD) is one of the most widespread 
neurodegenerative diseases [1] with no cure in sight [2]. 
In more than 200 years since the PD was officially re-
cognized worldwide, the scientific community has learned 
quite a bit about the peculiarities of the pathogenesis, 
the course of the disease and developed international 
guidelines and recommendations for the management 
of patients at different PD stages [3]. Clinical manifes-
tations of PD are caused by the death of dopaminergic 
neurons of the cerebral substantia nigra, degeneration of 
the nigrostrial, mesolimbic and mesocortical pathways, 
decreased dopamine concentration, as well as imbalance 
of brain neurotransmitter systems (cholinergic, noradre-
nergic) [4]. It is known that this disease is characterized by 
a combination of motor (rest tremor, rigidity, hypokinesia) 
[5] and non-motor symptoms in the form of cognitive 
and psycho-emotional disorders (increased anxiety, 
apathy, depression of varying severity, etc.) [6,7], which 
can significantly impair a patient’s quality of life. Such 
important non-motor symptoms of PD as hyposmia and 
sleep disorders may occur before motor symptoms [8], 
and their negative impact on patient’s life quality is often 
underestimated [9]. But still the question of earlier diag-
nosis of PD [4], as well as targeted pathogenetic therapy, 
remains relevant [10].

To this end, for more than 20 years, scientists have 
been continuing to study potential diagnostic and prog-
nostic PD biomarkers at different stages of the disease 
[11]. An accurate diagnostic biomarker can help identify 
PD before motor symptoms occur, or when motor and 
non-motor symptoms are insufficient to diagnose, and can 
be used to differentiate between idiopathic PD and other 
forms of parkinsonism [2]. Numerous studies of various 
potential PD biomarkers are ongoing, but only a few are 
important for clinical practice [12]. Studies of biomarkers 
in human biological fluids (blood plasma, its formed 
elements, cerebrospinal fluids, etc.) are quite common 
[2], as for rational implementation in clinical practice, 
detection of biomarkers requires maximum convenience 
and safety for the patient.

Aim
The aim of the research is to analyze the last studies 

of potential PD biomarkers in human biological fluids.
It is known, that PD is a type of α-synucleinopathies 

[13], as α-synuclein is a central component of the patho-

genesis of this disease [14]. The level of α-synuclein is 
studied in autopsy materials [15], cerebrospinal fluid and 
blood [16]. The most technically simple and safe lifetime 
method of detecting the concentration of potential PD 
biomarkers is their measuring in blood.

Over the past three years the global research da-
tabase has been replenished with new data that have 
a common tendency to recognize α-synuclein and its 
oligomers in blood plasma and its formed elements as 
one of the best potential PD biomarkers, even in the early 
stages of the disease. Thus, in 2017, Vicente Miranda 
H. et al. decided to determine whether posttranslational 
modifications of α-synuclein in blood can be valuable 
biomarkers of PD. The study involved 58 PD patients and 
30 healthy participants (groups were comparable in age). 
The authors found that the levels of Y125-phosphorylated, 
Y39-nitrated and glycated α-synuclein were elevated in 
patients with PD [17]. Jian Ding and co-authors studied 
the plasma levels of α-synuclein, T-tau, P-tau181 and Aβ-
42-proteins in 73 PD patients, and association of these 
levels with motor manifestations. Plasma α-synuclein 
levels were significantly higher in PD patients compared 
to control group, and were also higher in the group of 
patients with postural instability and gait disturbance 
compared to the tremor-dominant subtype group [18]. 
Chin-Hsien Lin et al. studied plasma α-synuclein levels 
in 80 PD patients and 34 healthy controls. There was a 
significant increase in α-synuclein levels in PD patients 
compared with controls and in α-synuclein levels in PD 
patients with a higher Hoehn–Yahr stage without any 
correlation with motor symptoms severity (according 
to Unified Parkinson’s Disease Rating Scale (UPDRS) 
part III scores). However, plasma α-synuclein levels 
were significantly higher in PD patients with concomitant 
dementia than in patients with mild cognitive impairment 
or normal cognition and were negatively correlated with 
Mini-Mental State Examination (MMSE) scores [19]. 
But there were other investigations with less optimistic 
results. For example, Nor A. Samat et al. did not reveal 
a significant difference between the plasma α-synuclein 
levels of PD patients and cognitive impairment in groups 
distributed according to Montreal Cognitive Assessment 
test (MoCA) and Parkinson’s Disease Cognitive Rating 
Scale (PDCRS) results [20].

In the same year a team of scientists led by S. Pche-
lina aimed to investigate glucocerebrosidase 1 (GBA) 
enzymatic activity in dried blood spots with assessing 
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plasma oligomeric α-synuclein levels in sporadic PD 
(sPD) patients, in PD patients with mutations in the GBA 
gene (GBA-PD) and in controls. They found that plasma 
oligomeric α-synuclein levels were increased in GBA-PD 
group compared to sPD and controls. Authors sugges-
ted that the decrease in enzymatic activity of lysosomal 
hydrolases in GBA mutation carriers may contribute to 
PD pathogenesis by increasing the level of neurotoxic 
oligomeric α-synuclein species [21]. Matsumoto J. et 
al. paid attention that erythrocytes contain α-synuclein 
concentrations ~1000-fold higher than the cerebrospinal 
fluid, as a source of potentially pathogenic α-synuclein. 
Also erythrocytes produce α-synuclein-rich extracellular 
vesicles (EVs), which can cross the blood-brain barrier 
(BBB), especially under inflammatory conditions pro-
voked by peripheral administration of lipopolysaccharide. 
According to the authors this transport likely occurs via 
adsorptive-mediated transcytosis, with EVs that transit 
the BBB co-localizing with brain microglia. Examination 
of microglial reactivity upon exposure to α-synuclein-con-
taining erythrocyte EVs in vitro and in vivo revealed that 
uptake provoked an increase in microglial inflammatory 
responses, and EVs derived from the erythrocytes of PD 
patients elicited stronger responses than did those of 
control subjects [22].

In 2018 Hua Wang et al. published the results of a 
study, in which they investigated the levels of plasma 
α-synuclein and central nervous system (CNS) α-synucle-
in in 256 PD patients in the early stages in baseline and 
2-year follow-up. The results demonstrated that baseline 
and longitudinal increase in total α-synuclein predicted 
progression of cognitive decline in hyposmic PD patients 
with dopamine transporter (DAT) binding reduction. On 
the other hand, a longitudinal decrease in nervous system 
derived exosomal (NDE) α-synuclein predicted worse-
ning cognitive scores in hyposmic PD patients with DAT 
binding reduction. Finally, in PD patients with faster DAT 
progression, decreasing NDE/total α-synuclein ratio was 
associated with a larger reduction in DAT from baseline 
to follow-up. Authors suggest that, though underlying 
mechanisms remain to be defined, alterations in plasma 
total and NDE α-synuclein concentrations are likely as-
sociated with PD progression, especially in the aspect of 
cognitive impairment, in early stages of the disease [23].

The correlation between α-synuclein and GBA genes 
and their mutations, associated with a higher risk of PD 
developing, has also been investigated. Nikolaos Papagi-
annakis and co-authors took erythrocyte membranes from 
36 PD patients with mutation carriers in the α-synuclein 
gene (A53T-PD) and GBA gene (GBA-PD), and patients 
without known mutations (n = 56), and age-/sex-matched 
controls (n = 56). A statistically significant increase of 
α-synuclein dimer and dimer to monomer ratio was found 
in GBA-PD and in patients without these mutations. In 
contrast, dimer levels of A53T-PD were not different from 
controls. No difference was found in α-synuclein monomer 
levels as well [24].

Simona Daniele et al. found the correlation between 
erythrocyte α-synuclein levels in PD patients (n = 28) 
compared with control group (n = 45) and the severity of 
the disease and motor deficiency [25]. Amrendra Pratap 
Singh with co-authors studied the levels of α-synuclein 

in 38 PD patients and 33 healthy controls and found a 
significant increase in plasma α-synuclein concentration 
in PD patients [26].

In contrast to previous studies, Michalina Malec-Lit-
winowicz and co-authors did not find a significant sta-
tistical difference between plasma α-synuclein levels in 
58 PD patients and 38 controls. They found an inverse 
correlation between plasma α-synuclein levels in PD pa-
tients, who had postural instability and gait disturbances, 
and the Hoehn–Yahr stage [27]. And Jennifer G. Goldman 
et al. did not find a significant difference between plasma 
α-synuclein levels in PD patients and healthy controls [28].

Instead, A. Emelyanov et al. studied the blood α-synu-
clein levels in 458 PD patients and 353 controls. Elevated 
levels of α-synuclein single nucleotide polymorphisms 
and total α-synuclein were found in the homogenous cell 
fraction of CD45+ blood cells in PD patients compared 
to control subjects [29].

Later, in 2019 Xiaoli Si determined, that CNS-pro-
duced exosomal α-synuclein in blood plasma can be 
regarded as a biomarker for the differential diagnosis 
between essential tremor and early stages of PD [30]. 
Using newly developed electrochemiluminescence as-
says, Chen Tian et al. found that the level of total and 
aggregated α-synuclein were higher in the erythrocytes 
membrane fractions of PD patients than in healthy controls 
[31]. Adeline S. L. Ng. with co-authors detected plasma 
α-synuclein levels in 170 PD patients and 51 controls by 
single molecule array technology. Plasma α-synuclein 
levels in PD patients were significantly higher than in 
heavy controls. In PD, α-synuclein levels did not vary 
by Hoehn-Yahr stages of the disease or UPDRS motor 
scores, but were significantly higher in PD patients with 
poorer cognition than controls [32]. According to the 
large meta-analysis, performed by Anastasia Bougea et 
al., plasma α-synuclein levels in patients with PD were 
also significantly higher compared to control groups [33].

Researchers, whose studies were published in 
2020, also observed the relationship between plasma 
α-synuclein levels in PD patients and severity of motor 
symptoms. Chun-Wei Chang et al. revealed that the 
serum α-synuclein level showed a significant correlation 
with patients in Hoehn– Yahr stages 1–3, implying that 
the serum α-synuclein level may be a potential marker 
of motor symptom severity in patients with early PD [34]. 
Zheng Fan with co-authors also found the correlation 
between elevated plasma total α-synuclein level in PD 
patients and the severity of their motor symptoms [35]. 
However, there is now a tendency for scientists to study 
the α-synuclein level not just in blood plasma, but in its 
neuronal exosomes. Past studies showed that α-synuclein 
and other proteins can be transported to the blood through 
exosomes [36]. Therefore, M. Niu team of investigators 
included in their study 36 PD patients in the early stages 
of the disease, 17 patients with advanced PD, 20 patients 
with idiopathic rapid eye movement sleep behavior disor-
der and 21 healthy controls. 18 of 36 patients in the early 
stages of PD were examined twice: at the beginning of 
the study and after another 22 months. As a result, a 
significant increase of the α-synuclein levels in plasma 
neuronal exosomes of PD patients in the early stages 
compared with healthy controls was found. In addition, 

Review



244 Патологія. Том 17, № 2(49), травень – серпень 2020 р.ISSN 2306-8027    http://pat.zsmu.edu.ua

Spearman’s correlation analysis revealed that neuronal 
exosomal α-synuclein concentrations were correlated 
with Movement Disorders Society UPDRS III/(I + II + III) 
scores, Non-Motor Symptom Questionnaire scores and 
Sniffin’ Sticks 16-item test scores of patients with PD. After 
a mean follow-up of 22 months in patients with early-stage 
PD, a Cox regression analysis adjusted for age and 
gender showed that longitudinally increased α-synuclein 
rather than baseline α-synuclein levels were associated 
with higher risk for motor symptom progression in PD [37]. 

And in April 2020 Jiang C. et al. published the results 
of their study, according to which increased levels of 
neuronal exosomal α-synuclein predicted the develop-
ment of PD, persisted with the disease progression and 
helped to differentiate PD from other forms of atypical 
parkinsonism [38].

The development of oxidative and nitrosative stress 
also plays a leading role in the pathogenesis of neurode-
generative diseases. It is known that increased levels of 
free radicals, oxidized proteins and lipids and decreased 
activity of superoxide dismutase, catalase, glutathione, 
etc. make dopaminergic neurons more susceptible to 
oxidative stress [39,40]. Oxidative stress reflects an 
imbalance between the hyperproduction of free radicals 
and dynamic ability to detoxify their excess [41]. Oxidative 
stress is known to be associated with the etiology of many 
neurodegenerative diseases, including PD [42], and PD 
is associated with a decrease in nigral glutathione [43]. 
Although the exact mechanisms of neurodegeneration 
and persistent pathological changes remain unknown, 
the critical role of oxidative stress in pathogenesis of 
neurodegenerative diseases is associated with several 
proteins, including the central α-synuclein for PD [41]. 
Deas et al. (2016) suggested that the interaction between 
α-synuclein oligomers and metal ions could induce 
oxidative stress in rats with modeled PD. Neurons with 
α-synuclein oligomers had higher levels of oxidative stress 
in the form of decreased glutathione levels and increased 
lipid peroxidation [44]. The state of the antioxidant system 
and the activity of the oxidative stress components and 
their detection in blood of PD patients is still being studied. 
Thus, according to C. Vida et al. (2019), high levels of 
oxidative stress and damage were observed in all blood 
cells of PD patients in the form of reduced glutathione 
peroxidase (GPx) activity and increased content of oxi-
dized glutathione and malondialdehyde contents. Authors 
suggested that an accelerated immunosenescence in PD 
stage 2, and that several of the parameters studied could 
be appropriate peripheral biomarkers in the early stages of 
PD [45]. The GPx activity in PD patients was significantly 
higher than in healthy controls in Gökçe Çokal B. et al. 
study [46]. However, in 2018 Zexu Wei et al. did not find 
a significant difference between the GPx level in blood of 
PD patients and control group individuals [47]. Also, the 
study by Yongsheng Yuan et al., which was published in 
2016, found a simultaneous decrease in both glutathione 
and GPx plasma levels in PD patients [48]. A study by 
Laurie K. Mischley (2016) found the association between 
low glutathione concentrations and stronger PD severity 
according to the MDS UPDRS. The authors suggest that 
blood glutathione may be used as PD biomarker, but 
note that future studies should determine whether this 

is a modified risk factor for PD progression and whether 
glutathione administration can improve the condition of 
PD patients [49]. Therefore, these results are quite contro-
versial. But there are interesting results of novel studies, 
in which the effects of certain anti-Parkinson disease 
medications on the glutathione level were investigated. 
Thus, levodopa (but not carbidopa) [50] and intranasally 
administrated selegiline increased the concentration of 
this antioxidant in blood of PD patients [51]. Also, there is 
a noteworthy study by Laurie K. Mischley et al. (2015), in 
which the safety and tolerability of intranasal glutathione 
in PD patients was determined [52].

Oxidative stress occurs in several stages, the most 
important of which is the overproduction of reactive 
oxygen species (ROS) [53]. In addition to ROS, reactive 
forms of nitrogen also take part in free radical processes. 
It is known that nitric oxide plays a significant role as a 
retrograde neurotransmitter in synapses and can perform 
posttranslational modifications in proteins, providing phy-
siological mechanism for regulation their functions [54]. 
However, with age and in pathological processes, nitric 
oxide forms peroxynitrite, while reacting with the super-
oxide anion. In this case, peroxynitrite reacts mainly with 
the phenolic ring of tyrosine and forms nitrotyrosine, which 
greatly impairs the course of physiological processes in 
proteins. Under nitrosative stress conditions peroxynitrite 
is able to oxidize protein SH-groups and form 3-nitroty-
rosine [55]. With a decrease of the antioxidant system 
functional activity, there is an increased ROS formation, 
both in cell and outside. The neuron’s sufficiently active 
thiol antioxidant system, which is able to regulate the NO 
transport, provides cell resistance to nitrosative stress, as 
one of the earliest mechanisms of neuronal destruction. 
Protein nitrotyrosilation is an irreversible process that 
leads to the accumulation of modified proteins, contri-
buting to the onset and progression of neurodegeneration, 
particularly in Alzheimer’s disease [54]. Nitration due 
to tyrosine oxidation induces α-synuclein aggregation, 
which inhibits its ability to connect with neurotransmitter 
vesicles [56]. Moreover, PTEN-induced kinase (PINK1), 
a mitochondrial serine/threonine-protein kinase that acti-
vates parkin, is nitrated in pro-oxidant environments [57], 
which provides harmful effects of parkin S-nitrosylation.

Past decades have been marked by researches 
about detection of nitrotyrosine concentrations in PD 
patients [54]. However, there is no information on studies 
of nitrotyrosine levels in PD patients in open publications 
in recent years. Instead, studies of the activity of this 
marker in laboratory animals, as well as determining 
the effects of certain substances on it, are ongoing. 
In particular, the protective properties of recombinant 
adeno-associated-virus (rAAV-Cbs) were revealed, as 
it reduced the aberrant accumulation of nitric oxide and 
3-nitrotyrosine (an indicator of protein nitration) in the 
striatum of 1-methy-4-phenyl-1,2,3,6-tetrahydropyridine 
induced PD in mice models [58]. Daily oral administration 
of dimethyl fumarate (10 mg/kg, 30 mg/kg, and 100 mg/kg)  
to PD mice models helped to reduce the expression of 
nitrotyrosine neuronal nitrite oxide synthase and also 
reduced the number of α-synuclein-positive neurons and 
regulated glutathione levels [59]. There is an interesting 
study by M. Bandookwala et al. (2019), which evaluated 
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the neuroprotective effect of edavaron – a powerful 
antioxidant – in combination with caffeine – an effective 
inhibitor of adenosine-A2-receptors, also known as anti-
oxidant, on the course of PD in mice models and on the 
activity of oxidative stress markers. The authors found a 
decrease in level of 3-nitrotyrosine in the striatum, as well 
as the marker of lipid peroxidation – malonaldehyde – in 
the striatum, cerebrospinal fluid and urine of animals [60].

The development of preventive mechanisms against 
the progression of neurodegenerative diseases remains 
one of the main tasks of the scientific community. Mela-
tonin has both chronobiotic and cytoprotective features. 
As a chronobiotic, melatonin can modify the phases and 
amplitudes of biological rhythms. As a cytoprotector, 
melatonin eliminates the effects of inflammation in neu-
rodegenerative diseases in old patients during aging. In 
experimental models of PD and Alzheimer’s disease, 
melatonin slowed the process of neurodegeneration. 
Melatonin also eliminated toxic proteins through the glym-
phatic system of the brain [61]. It is known, in particular, 
that melatonin reduces α-synuclein toxicity in PD patients 
[62]. Therefore, determination of its level in PD patients, as 
well as the impact of changes in its concentrations on the 
course of the disease does not lose its relevance. As me-
latonin has detoxifying properties, it is interesting to study 
the relationship between its level and the state of the anti-
oxidant system. Thus, Hui Jun Wei  et al. (2019) revealed 
the increase of serum melatonin level and decrease of 
glutathione level in PD patients, the correlation of both 
melatonin and glutathione with PD severity and higher 
melatonin level in PD patients with sleep disorders, while 
PD patients with cognitive impairment tended to have 
lower glutathione level [63]. But this result is somewhat 
contradicted with a previous study by Uysal HA (2018) 
et al. Measurement of melatonin alone for the diagnosis 
of sleep disorders in PD patients was insufficient, as no 
significant difference in its level was found in patients who 
were diagnosed with such disorders using specific scales, 
and in those who did not have such disorders [64]. In the 
context of the relationship between melatonin and the 
components of oxidative stress, the article by G. G. Ortiz 
et al. (2017) is interesting. Considering the activity of GPx, 
as a known oxidative stress marker, and the detoxifying 
properties of melatonin, the researches tried to reduce the 
concentration of GPx in PD patients by prescribing 25 mg 
of melatonin every 12 hours for 12 months. Unfortunately, 
this method did not significantly affect the level of GPx in 
PD patients’ blood compared to the placebo-group [65].

Conclusions
Thus, most studies of recent years indicate that the level 
of total α-synuclein, its oligomers in blood plasma and its 
formed elements is elevated in patients at the early stages 
of PD, and it can be a valuable prognostic biomarker for 
disease progression, in particular its motor symptoms. 
However, the conclusions about the relationship be-
tween protein levels and cognitive impairment and the 
development of psycho-emotional disorders are still quite 
contradictory, and therefore require further researchers. 
Studies of the level of a potential biomarker not only 
in blood plasma and its formed elements, but also in 

neuro nal exosomes, are promising. The negative impact 
of oxidative stress in PD is a significant trigger for irrever-
sible pathogenetic processes that affect the development 
of neurodegenerative changes. Perspectives of further 
researches may lay not only in identifying the concentra-
tions of oxidative stress components and antioxidants in 
the blood of PD patients, but also in determining of the 
effect of antiparkinsonian and neuroprotective drugs on 
the antioxidant system in order to pathogenetically justify 
their use for reducing of oxidative stress.

Considering the powerful negative effect of nitroty-
rosine on the formation of pathological α-synuclein – the 
key protein in the pathogenesis of the PD development 
– it is reasonable to make further studies of its changes 
in PD patients. There are interesting studies of the effect 
of various antioxidants and potential neuroprotective 
drugs on the content of nitrotyrosine in animal models of 
PD, which may have further prospects for more detailed 
clinical study.

It is known that melatonin is a powerful phase modifier 
of human biological rhythms, and a cytoprotector with 
powerful antitoxic properties. Nevertheless, the recogni-
tion of melatonin alone as a marker of sleep disturbance 
in PD patients is controversial. However, it is promising 
to study the activity of melatonin in the context of its 
relationship with the components of oxidative stress and 
antioxidants by determining their concentrations in the 
blood of PD patients.

Thus, a thorough investigation of modern scientific 
researches on the potential PD biomarkers justifies the 
feasibility of their further detection in patients at the early 
stages of this disease for the earlier diagnosis of PD and 
its targeted therapy.
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