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To search for targets of therapy that changes the course

of Parkinson’s disease

Abstract. Background. Parkinson’s disease (PD) is a multisystem disease that requires a more comprehensive
approach to its study and treatment. The purpose was to give clinical and laboratory characteristics of PD patients,
in whom the onset of motor symptoms of the disease is associated with the action of precipitating factors and provide
a theoretical justification for the underlying and/or associated electrophysiological phenomena. Materials and me-
thods. Two hundred and seven patients with PD were examined. Questionnaire analysis and laboratory research were
performed. Results. Among patients with a rapidly progressive type of PD, pain during the survey was registered in 49
(42.2 %) cases, and stress in 73 (62.3 %). In cases of a slowly progressive course, 14 (15.4 %) individuals experienced
pain syndromes, and 53 (58.2 %) patients — stress. Statistically significant differences between patients with rapidly and
slowly progressive PD courses were noted in the number of cases of herpetic diseases, inflammatory diseases of the oral
cavity. The results of laboratory tests also showed statistically significant differences between these groups in the blood
serum level of IL 13 and cortisol, the level of IL If in the cerebrospinal fluid, and the albumin coefficient. The patients
with a rapidly progressive type of disease presented with a greater number of precipitating factors for PD development. In
patients with rapidly progressive PD, the number of precipitating factors and the serum level of antibodies to a.-synuclein
(r=-=0.18), IL10 (r = 0.31), and cortisol (r = 0.18) correlated. Some objective characteristics of non-motor PD
symptoms statistically significantly correlated with a level of laboratory biomarkers in blood serum (Montreal Cognitive
Assessment value with cortisol level (r = —0.4); Pittsburgh Sleep Quality Index value with antibodies to a-synuclein
(r=0.31); Epworth Sleepiness Scale value with IL 10 level (r =—0.21)). Significant acute psychological stresses and
pain syndromes may change the pattern of propagation of depolarization waves in the nervous system with the forma-
tion of “autowave penumbra”. Possible clinical criteria for the effectiveness of therapy that change the course of PD
are presented. Conclusions. Pain syndromes and acute significant psychological stresses not only contribute to the
onset of motor symptoms of PD but also lead to the rapid progression of the disease. The effect of precipitating factors
may manifest itself not only in clinical, morphological, and laboratory changes but also in changes in the excitability
of nerve cells. The electrophysiological penumbra ( “autowave penumbra ) can be considered a possible target for the
action of a therapy method that modifies the course of PD.
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Introduction

Several authors suggest Parkinson’s disease (PD) as a
multi-system disease, the description of which should be ap-
proached more comprehensively than the currently accepted
classical neurodegenerative approach, focused on sympto-
matic, replacement therapy of neurotransmitter deficiency
[1]. It is believed that the aggregation of a-synuclein has a
central role in the occurrence and progression of PD, but
other processes are also involved: abnormal protein clea-

rance, mitochondrial dysfunction and neuroinflammation
[2]. However, the relationship between these factors remains
unclear [2]. At the same time, patients with newly developed
PD wonder if it is possible to slow down or even stop the pro-
gression of the disease [3]. It is considered dubious that all
patients with PD will benefit from the same treatment that
changes the course of the disease [3]. Studies have shown
that the classic motor symptoms of PD in patients begin to
manifest after the 50% loss of all dopaminergic neurons and
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75—80% of striatum dopamine [4, 5]. Therefore, the study
of non-neurodegenerative mechanisms of PD development
(including factors leading to accelerated excessive degenera-
tion of neurons in the substantia nigra) is an important task
for the development of approaches to therapy that changes
its course. Our studies have shown that the impact of sig-
nificant psychological stress, pain syndromes contributes to
the manifestation of motor symptoms of PD [6], which is
probably due to the last straw effect: an increase in previ-
ously asymptomatic dopamine deficiency in the striatonigral
system, followed by a violation of the synaptic transmission
of a nerve impulse (action potential). Experimental studies
show that exposure to acute and chronic stress modulates the
threshold for the occurrence of cortical spreading depression
in mice [7]. At the same time, the pathophysiology under-
lying the symptoms of pain has not yet been clearly defined,
but it is already well known that chronic pain conditions
are associated with a decrease in the internal supraspinal
function of pain modulation, which often manifest itself in
a decrease in motor excitability of the cortex [8—10]. Also,
in addition to the degeneration of dopaminergic neurons in
the compact part of the substantia nigra [11] and the loss
of neurons in the ventral tegmental area [12], PD is associ-
ated with increased excitability of the cerebral cortex, mainly
arising from a decrease in inhibition, which can be partially
reduced by dopaminergic therapy [13, 14]. It is known that
an imbalance of excitation/inhibition can lead to pathologi-
cal changes in the excitability of the cerebral cortex and the
development of neurological diseases [15, 16].

The purpose was to give clinical and laboratory charac-
teristics of PD patients, in whom the onset of motor symp-
toms of the disease is associated with the action of precipita-
ting factors (acute psychological stress, pain syndromes) and
provide a theoretical justification for the underlying and/or
associated electrophysiological phenomena.

Materials and methods

The study was approved by the independent ethics
committees of the State Educational Institution “Belorus-
sian Medical Academy of Postgraduate Education” and
healthcare institution “5" City Clinical Hospital”. The
basic group (BG) included 207 patients with PD (men and
women ratio was 1 : 1.13; mean age 65 [58, 70] years). In
BG, 116 (56 %) patients had a rapidly progressive course
of the disease with a change in PD stages up to 5 years after
the onset of PD motor symptoms. In 91 (44 %) patients, a
slow rate was noted with a change in the stages of the dise-
ase after 5 or more years. The anamnestic data on the pre-
cipitating factors for the development of motor symptoms
of PD were collected using an independently developed
questionnaire [6]. The control group (CG) consisted of 34
patients (men and women ratio was 1 : 1.3; mean age 62
[57, 66] years). The differences in age and sex between BG
and CG were not statistically significant (p > 0.05), which
indicates the clinical homogeneity of the formed groups by
the age-sex principle.

Physical and neurological examination of patients of
BG and CG was supplemented by obtaining objective in-
formation using the following scales: Montreal Cognitive

Assessment (MOCA), Hamilton Rating Scale for Depres-
sion, Non-Motor Symptoms Questionnaire, Pittsburgh
Sleep Quality Index (PSQI), and Epworth Sleepiness Scale
(ESS). The levels of cytokines (IL10 and IL1p), antibodies
to a-synuclein, and cortisol were determined in blood serum
and cerebrospinal fluid (CSF) using appropriate enzyme-
linked immunosorbent assay Kkits.

When processing the data obtained, nonparametric
methods of biomedical statistics were used. The results are
presented in the form of median, 25" and 75" percentiles
(Me, Q25-Q75). Kruskal-Wallis test (H test) was used to as-
sess the differences between three or more samples at the
same time in terms of the level of the required trait. The
Mann-Whitney test (U test) was used to compare the two
groups. The relationship of quantitative and/or ordinal fea-
tures was assessed using the Spearman’s rank correlation
with the determination of the rank correlation coefficient
(R). The strength of the correlation was assessed depending
on the value of the coefficient R: |R| < 0.25 — weak correla-
tion; 0.25 < |R| < 0.75 — moderate correlation; |[R| > 0.75 —
strong correlation.

Results and discussion

The results of the anamnestic data analysis demonstrated
that 126 (60.9 %) patients with PD in the period from 1 day
to 4 years before the development of motor symptoms of the
disease experienced severe acute psychological stressful situ-
ations. Twenty-two (17.5 %) patients reported several dif-
ferent separate stresses. In 80 (63.5 %) patients, the effect
of stress took place against the background of other factors:
herpes viral infections, pain syndrome, inflammatory diseas-
es of the ENT (ear, throat, nose) organs. Forty-six (36.5 %)
patients noted only psychological stress in their history be-
fore the development of PD motor symptoms. Eighty-one
(39.1 %) patients did not notice the action of acute stress-
ful situations before the development of PD motor symp-
toms. Sixty-three (30.4 %) patients reported cases of pain
syndromes in the past, before the development of PD motor
symptoms. During the survey, 49 (42.2 %) individuals with
a rapidly progressive type of PD experienced pain, and 73
(62.3 %) patients — stress. In cases of a slowly progressive
course, 14 (15.4 %) patients presented with pain syndromes,
and 53 (58.2 %) — stress. The difference between the cases of
the onset of motor symptoms of rapidly and slowly progres-
sive forms of PD against the background of the previous pain
syndrome was statistically significant (p < 0.05) but did not
follow the stress (p > 0.05).

Statistically significant differences between patients
with rapidly and slowly progressive PD courses were also
noted in the number of cases of herpetic diseases (50
(43.1 %) cases with a rapidly progressive course and 15
(16.53 %) with a slowly progressive course), inflammatory
diseases of the oral cavity (12 (10.3 %) cases with a rapidly
progressive course and 2 (2.3 %) with a slowly progressive
course). The results of laboratory tests also showed statisti-
cally significant (p < 0.05) differences between these groups
in the serum level of IL1p and cortisol, the level of IL1f in
the CSEF, and the albumin coefficient (Ilaboratory marker of
blood-brain barrier permeability). The study of the levels of
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albumin coefficient, IL1J, and cortisol may be informative
for determining the likelihood of a rapidly progressive form
of PD in a patient.

Analysis of the data obtained showed a greater num-
ber of precipitating factors for the development of PD
in patients with a rapidly progressive type of disease. So,
the precipitating factors in the anamnesis were absent in
21 (18.1 %) cases; 1 factor was revealed in 30 (25.9 %)
cases, 2 factors — in 28 (24.1 %) cases, 3 factors — in 26
(22.4 %) cases, 4 factors — in 11 (9.5 %) cases. In patients
with a slowly progressive course, the precipitating factors
in the anamnesis were absent in 25 (27.5 %) cases; 1 fac-
tor was determined in 37 (40.7 %) cases, 2 factors — in 22
(24.2 %) cases, 3 factors — in 6 (6.6 %) cases, 4 factors —
in 1 (1.1 %) case. The differences between the groups were
statistically significant (p < 0.05). In patients with rapidly
progressive PD, a correlation was found between the num-
ber of precipitating factors and the serum level of antibodies
to a-synuclein (r = —0.18), IL10 (r = 0.31), and cortisol
(r=0.18).

Some objective characteristics of non-motor PD symp-
toms statistically significantly correlated with a level of labo-
ratory parameters: MOCA value with cortisol level (r = —0.4)
in blood serum; PSQI value with antibodies to a-synuclein
(r=0.31) in blood serum; ESS value with serum 1L10 level
(r = —0.21). In the group of rapidly progressive course of
PD, only the difference in serum IL10 level among patients
with no history of precipitating factors and 4 factors was sta-
tistically significant (Z adjusted —2.91; p = 0.004).

The data obtained suggest that pain syndromes and acute
psychological stresses can contribute not only to the onset of
motor symptoms of PD but also to the rapid progression of
the disease. Precipitating factors can be considered predic-
tors of the rapid progression of PD. Several studies confirm
the multifaceted effect of these factors on the body. Thus,
in a series of animal experiments, Rocio M. de Pablos et al.
have shown that chronic stress increases the activation of
microglia and the death of dopaminergic neurons after the
previous induction of the inflammatory process in the ventral
part of the midbrain [17]. Smith A.D. et al. [18] demon-
strated that stress causes excessive neuronal death in some
areas of the brain and increases the extracellular availability
of dopamine, glucocorticosteroids, and glutamate in the stri-
atum. At pains, neuroimmune interactions are bidirectional
[19—22]. Thus, immune cells secrete cytokines, lipids, and
growth factors that impact the peripheral nociceptors and
neurons of the central nervous system, increasing pain sen-
sitivity, and nociceptors actively release neuropeptides from
their peripheral nerve endings that modulate the activity of
innate and adaptive immune cells.

In our opinion, the study of the effect of stress and pain
should not be limited only to cellular, immune, and hor-
monal studies but should also include electrophysiological
phenomena which affect the intercellular transmission of the
action potential. We name it as an electrophysiological tar-
get of therapy that changes the course of PD. Such electro-
physiological phenomena as striatal spreading depolarization
[23], spreading depression or spreading depolarization [24],
cortical spreading depression [25] are actively studied in a

number of neurological diseases [26], especially in elderly
people [27, 28].

The language of description of the biophysical pro-
perties of the action potential (its conduction in different
tissues (active media)) was formed in biophysics by the 80s
of the XX century. We refer interested readers to the fun-
damental work on this topic [29]. As an example of using
the language of biophysics to describe a possible target
for therapy that changes the course of PD, we propose
to call pathological variants of depolarization waves an
“autowave penumbra”. In our opinion, not only ischemic
stroke, subarachnoid hemorrhage, migraine, and brain
injury but also inflammatory (infectious and non-infec-
tious) diseases of the nervous system, including signifi-
cant stress and pain syndromes, can change the pattern of
propagation of depolarization waves in the nervous system
with the formation of pathological electrophysiological,
autowave modes. This “autowave penumbra” will also
manifest as a change in immune responses (activation
of cytokines, for example), excessive neurodegeneration
(activation of neuronal apoptosis, for example), etc. that
will eventually form the level of neuronal and dopamine
deficiency in the striatonigral system sufficient for the
clinical manifestation of PD. The prospects of studying
the “autowave penumbra” are confirmed not only by the
fact that some authors consider the similarity of the oc-
currence and propagation of depression waves in diffe-
rent animals as a property of the nervous system that
has developed to control complex behavior that requires
energy-consuming, fast information processing in a tight-
ly regulated extracellular environment [30], which sup-
ports a systematic approach to understanding the electro-
physiological basis of human neuropathology associated
with migraine, stroke, and traumatic brain injury [30].
The prospects are also confirmed by the discovery of the
connection of several electrophysiological phenomena
with some clinical symptoms of amyotrophic lateral scle-
rosis (a fatal neurodegenerative disease) [31] and PD [23].

From our point of view, the study of electrophysiologi-
cal phenomena in PD, as well as their connection with
immune, morphological and other changes, is a very pro-
mising direction for the development of methods for con-
trolling the onset and progression of the disease. However,
even now we can talk about the need to develop preventive
measures to control precipitating factors (pain, stress, etc.).
We consider the use of anti-epileptic drugs to be scientifi-
cally justified.

In this article, we do not touch on mitochondrial, an-
tioxidant, and synuclein targets for therapy that changes
the course of PD. Speaking about this promising type of
preventive treatment, we must first, in our opinion, de-
termine the primary, leading and secondary, dependent
mechanisms of the pathogenesis of the disease not only
in general but also in every patient and person at risk of
developing PD. Some authors believe [3] that the absence
of primary application points that reflect the progression
of PD at the prodromal stages remains a crucial vulne-
rability in clinical studies at the stage when the black
substance is not affected or is only very weakly affected.
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Efforts should be undertaken in the methodological field
to find new endpoints that are sensitive to therapy and
reflect the progression of PD both inside and outside the
brain. From our point of view, the possible clinical criteria
for the effectiveness of therapy that changes the course
of PD can be conditionally divided into A) the nearest,
expected shortly after the start of the use and manifest as
1) reducing the dose of dopaminergic replacement thera-
py, 2) reducing the severity of motor and/or non-motor
symptoms (without any changes at dopaminergic replace-
ment therapy), as well as B) long-term criteria in the form
of 1) slowing the progression of the disease (motor and
non-motor symptoms development) and 2) slowing esca-
lation of the dose of dopaminergic replacement therapy
compared to patients who did not receive similar therapy.
A change in the pattern of propagation of depolarization
waves under the influence of therapy aimed at inhibiting
the onset and/or progression of PD can also be considered
a possible electrophysiological, autowave marker of the
effectiveness of preventive therapy.

Conclusions

Pain syndromes and acute significant psychological
stresses not only contribute to the onset of motor symptoms
of PD but also lead to the rapid progression of the disease.
The effect of these factors on the body may manifest itself
not only in clinical, morphological, and laboratory changes
but also in changes in the excitability of nerve cells. The elec-
trophysiological penumbra (“autowave penumbra”) can be
considered a possible target for a therapy method that modi-
fies the course of PD.
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BirnopyCbKkaQ MeANYHA QKQAEMIST ICASIAMINAOMHOI OCBITY, M. MiHCbK, PecrnybAika binopychk

MowykK winen Tepanii, Wo 3MiHo€ nepe6ir
XBOpo6u MNapkiHCOHA

Pe3wome. Axkmyaavnicms. Xsopoba INapkincona (XI1) — ue
0araToCcUCTEMHE 3aXBOPIOBAHHSI, 1110 BUMAra€ OiJibIl KOMILIEK-
CHOTO TiIXOIy 10 CBOTO BUBYCHHS I JTikyBaHHsI. Mema docai-
0XceHns: 1aTH KIIiHIKO-1a60paToOpHy XapakTepUCTUKY Talli€H-
TiB i3 XI1, y SKMX pO3BUTOK PYXOBUX CUMIITOMIB ITOB’ I3aHUIA i3
Ni€10 MPOBOKYIOUMX YUHHUKIB, i HABECTU TEOPETUUYHE OOIPYyH-
TyBaHHS e€JIEKTPO(di3iooriYHUX SIBUIIL, 110 JIeKaTh B OCHOBI 3a-
XBOPIOBaHHS /260 acolilooTbes 3 HUM. Mamepiaau ma memo-
du. byno o6¢crexeno 207 nmauienTis i3 XI1. [TpoBeneHi aHKETHUI
aHaJi3, 1abopaTopHi mocaimkeHHs. Pe3yavmamu. Cepen naiti-
€HTIB i3 WBUAKO Mporpecyouum tTunom XI1 6i1p npu odcTe-
JKeHHI Bin3HaueHuii y 49 (42,2 %) Bunaakax, ctpec —y 73 (62,3
%). I1pu MOBIILHO TIPOTPECyY0YOMY Tepediry 601b0Bi CUHAPO-
MU 3apeecTpoBaHi B 14 (15,4 %) Bunaakax, ctpecoBi — y 53
(58,2 %) Bunankax. BigzHayeHO CTaTUCTUYHO 3HAYYIII BiIMiH-
HOCTi MiX MauieHTaMu 3i LIBUIKO i MOBUILHO MPOTPECyOUUM
nepedirom XI1 3a KibKiCTIO BUIAAKIB TEPIIETUIHUX 3aXBOPIO-
BaHb, 3aMajJbHUX 3aXBOPIOBAHb MOPOXHUHY poTa. Pezyivmamu
JJabOPaTOPHUX TECTiB TAKOX MOKa3adu CTATUCTUYHO 3HAUYIILi
BiIMiHHOCTI MiX MMM Tpynamu 3a piBHem IL-1B i kopruzony
B cupoBaTli KpoBi, piBHeM IL-18 B cIMHHOMO3KOBI# pinuHi it
KoedillieHToM anb0yMiHy. BusiBieHo OiiblIy KiIbKiCTb IIPOBO-
KYIOUMX YMHHUKIB po3BUTKY XI1 y mamieHTiB 3i IBUAKO MPO-
TpecyroumnM IepediroM 3aXxBOproBaHHS. Y TAIli€HTIB 3i MIBUIKO

mporpecyiouoio XI1 Oyia BUsIBIeHA KOPEJSIisa MixX KiJIbKiCTIO
MMPOBOKYIOUMX YMHHUKIB i piBHEM aHTUTIJI IO 0-CUHYKIEIHY
(r = —0,18), IL-10 (r = 0,31) i xoptuzony (r = 0,18)
y cupoBaTii KpoBi. Jlesiki 00’€KTUBHI XapaKTepUCTUKU HEPYXO-
BUX cuMnOToMiB XI1 cTaTMCTUYHO 3HAUYYIIO KOPEJIIOBAIN 3 PiB-
HeM J1abopaTOpHUX MOKA3HUKIB Y CUPOBATIIi KPOBi (3HAUCHHS
MOCA 3 piBaem koptusony (r = —0,4); sHaueHHs PSQI 3 an-
TUTIIaMU 10 a-cuHykieiny (r = 0,31); 3nauennst ESS 3 piBHem
IL-10 (r = —0,21)). 3HauHi rocTpi NMCUXOJOTiIUHI cTpecu i1 60-
JIbOBI CUHAPOMHU MOXYTb 3MiHIOBATU XapaKTep MOLIMPEHHS
XBWJIb JEIoJisipu3allii B HepBOBili CUCTEMi 3 YTBOPEHHSIM «aB-
TOXBUJIbOBOI MiBTiHi». HaBeaeHi MOXIMBI KJiHiUHI KpUTepil
edexkTuBHOCTI Tepamii, mo 3MiHioe nepedir XI1. Bucnoexu.
BosiboBi cuHAPOMM I TOCTpPi 3HAYHI MCUXOJOTIYHI CTpeCcH Mpu-
3BOISITh HE TUIBKU A0 BUHUKHEHHS pyXoBuX cummnTomiB XII,
a i1 10 WIBUIKOTO MpOrpecyBaHHs 3axBoploBaHHs. [lisi mpoBo-
KYIOUMX YUHHUKIB MOXE MPOSIBIISITUCS HE TUIBKU KIIHIYHUMMU,
MopdoJoTiuHUMHU i 1abopaTOPHUMM 3MiHAMM, a i 3MiHAMU
30yAJIMBOCTI HEPBOBUX KIiTUH. Enexrpodisionoriyna (aBro-
XBUJIbOBA) MiBTiHb MOXeE PO3MISIAATUCS SIK IMOBipHA MillleHb
TSt mii Teparii, o 3MiHioe nepe6ir XI1.

Ki104oBi cjioBa: xsopo6a [lapkiHcoHa; MPoBoKYyIoUi GaKkTopH;
cTpec; 00JIbOBUIT CUHIPOM; aBTOXBUJIbOBA MiBTiHb; XBUJISI IETIOISI-
pu3allii; KpuTepii Teparnii
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