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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The aim of the study was investigation the ratio of excitatory 

and depressor post-stimulus manifestations of Periaqueductal 
gray (PAG) single neuron activity during Locus coeruleus (LC) 
stimulation in a Parkinson’s disease (PD) model to identify 
excitotoxicity in neurodegeneration and the formation of 
persistent pain, which is poorly treatable.

The electrophysiological studies were performed on 6 Albino 
rats (230±30g.): intact (n=3) and on the rotenone model of 
Parkinson’s disease (PD) induced by unilateral injection of 
rotenone for 4 weeks holding of animals (n=3). The extracellular 
on-line registration of spike activity of 236 single neurons of the 
Periaqueductal gray (PAG) at high frequency stimulation (HFS) 
of Locus coeruleus (LC) in intact animals (116 neurons) and on 
the model of PD (120 neurons) was produced. 

According to programmed mathematical analyses were 
detected changes in depressor and excitatory responses (TD and 
TP), accompanied by post-tetanic depression and potentiation. 
In the neurons PAG at HFS LC on the model of PD the full 
suppression of synaptic depressor poststimulus manifestations 
of activity, accompanied by posttetanic and the prevalence 
of such excitatory has been revealed. Was the conclusion 
about serious neurodegenerative damage of the important 
antinociceptive structure - PAG, that promotes resistant chronic 
pain in parkinsonian patients.

Key words. Rotenone model of Parkinson’s disease, 
substantia nigra compacta (SNc), periaqueductal gray (PAG), 
high frequency stimulation, Locus coeruleus (LC).
Introduction.

The majority of patients with neurodegeneration disease (ND) 
complain of pain, the origin of which remains largely unknown, 
often overlooked in medical recommendations, needs further 
studies of pathophysiological mechanisms and predisposing 
factors. This gives the high relevance of pain ND and finding 
available therapeutic strategies to prevent it [1-3]. Pain and 
other nonmotor symptoms in PD are increasingly recognized 
as a major cause of reduced health-related quality of life. Pain 
in PD may be categorized into a number of different subtypes, 
including musculoskeletal, dystonic, radicular neuropathic, and 
central pain. [4,5]. In particular, when dominates neuropathic 
pain, which is connected with neurodegeneration of structures 
involved in pain modulation [6]. In addition, in more advanced 
stages of PD prevailed all 4 types of pain, associated with PD 
(musculoskeletal, dystonic, radicular, and neuropathic) [7,8]. 

Remains unclear maintenance of chronic pain is associated 
with altered functioning stem descending modulation systems. 
Application of functional MRI (functional magnetic resonance 
imaging) Mills et al. [9]. found in patients with chronic 

neuropathic orofacial pain increased functional link between 
rostral ventromedial medulla (RVM) and other stem-pain 
occurrence areas including ventrolateral periaqueductal gray 
(vlPAG) and the locus coeruleus (LC). In addition, vlPAG and 
LC demonstrated increased functional link with the higher 
brain areas, including the hippocampus, nucleus accumbens 
and anterior cingulate cortex. Experimental animal studies have 
shown that the brain contains multiple nervous circles, that might 
deep impede or facilitate influx of nociceptive information at the 
level of primary afferent synapse. These descending modulating 
circles include direct and indirect projection downward to 
dorsal horn and spinal trigeminal nucleus (SpV) of midbrain 
PAG, RVM, LC and subnucleus reticularis dorsalis (SRD) [10-
13]. These studies strongly suggest that changes in the feasible 
functioning of stem nociceptive modulating systems can play a 
key role in the initiation and/or maintaining a different of human 
chronic pain conditions. To date, no study focused on ongoing 
functions stem nociceptive modulating circles, including PAG, 
RVM, LC and SRD in people with chronic pain. Subject to 
hypothesis that subjects with painful trigeminal neuropathy 
alteration strengths of functional linkage between the rostral 
brain fields and PAG and LC [9].

Finally, among the antinociceptive structures of interest PAG 
and LC. Together with the LC, the nuclei raphe of the medulla 
oblongata (Raphe magnus-RMg), which ends with the medial 
system involved in affective and cognitive assessment measuring 
pain, pain memory and autonomic responses [5,14]. They 
are actively involved in the modulation of spinal nociceptive 
transfer, in particular, by the inhibition of nociceptive neurons 
in the dorsal horn of the spinal cord, the violation of which 
is fraught with increasing of pain sensations [15,16]. The 
violation ratios excitatory and depressor synaptic processes in 
antinociceptive brain structures, including the noted, at ND 
underlies in the development of chronic pain.

This article presents data on the study changes of the ratio of 
excitatory and depressor post-stimulus activity of PAG single 
neurons during high frequency stimulation (HFS) of LC in a 
rotenone model of PD, that would approve the emergence of 
chronic pain as a result of neurodegenerative damage. 
Materials and Methods.

Electrophysiological studies were performed on 6 Albino 
rats (230±30g.): intact (n=3) and PD models (n=3) induced by 
unilateral administration of rotenone for 4 weeks. Rotenone 
was administrated under Pentobarbital anesthesia (40 mg/kg, 
i/p) at a rate of 12 μg in 0.5 μl of dimexide (with speed 1 μl/
min) in “medial forebrain bundle” by coordinates of stereotaxic 
atlas (AP+0.2; L±1.8; DV+8 mm) [17]. All procedures were 
performed in accordance with the “Regulations for the Care 
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Peri-event Time (РЕТН Average) histograms and Frequency 
Average histograms were plotted for selected compared spiking 
groups. The analysis of obtained data on specially developed 
algorithm produced, providing reliability peristimulus changing 
of interspike intervals. The homogenity of two independent 
samples controlled by Student's t-test. In order to increase the 
statistical significance of peristimulus changes in interspike 
intervals, the two-sample Wilcoxon-Mann-Whitney test was 
also used as a non-parametric one that assesses the homogeneity 
of independent two samples.

We also used a variant of this test, the z-test, which determines 
asymptotic normality. Considering the critical values compared 
to those of the normal distribution at significant levels of 0.05, 
0.01, and 0.001 shows that in most cases of spiking in HFS, the 
statistically significant change reached a level of at least 0.05.
Results and Discussion.

Extracellular recording of spike activity of single PAG neurons 
was performed in the norm group (116 neurons, n=3) and on 
a PD model (120 neurons, n=3). By means of analysis based 
on the average number of spikes (PETH), with conversion in 
inter-pulse intervals and frequency in Hz (Frequency Average), 
compared to prestimulus level, in these circumstances have been 
discovered the following changes of depressor and excitatory 
tetanic reaction (ТD and ТP) in both post-tetanic sequences 
(PTD and PTP). In the PAG neurons during LC HFS tetanic 
depression in both sequences in norm determined by the order of 
1.75- and 2.5-fold under estimation of the prestimulus activity, 
accordingly (Figure 2А, Groups А,B). Tetanic potentiation, 
accompanied by posttetanic potentiation and depression in 
limits of 1.6 and 1.12-fold exceeding the prestimulus activity 
are revealed (Figure 2B, Groups А,B). In neurons of PAG at 
LC HFS tetanic depression on the model of PD not identified 

of Laboratory Animals” (NIH Publication No. 85-23, revised 
1985) as well as specific guidelines provided by Animal Care 
and the National Medical Service and Health Committee (NIH 
Publication No. 80-23, revised in 1996). In stereotaxic apparatus 
we performed trepanation of skull from bregma to lambda and 
opened the dura mater. Glass microelectrodes with a tip diameter 
of 1-2 µM, filled 2M NaCl, inserted into the brain PAG according 
to stereotaxic coordinates (AP-4.92; L±2.0; DV+5.7 mm) for 
extracellular recording of spike activity of single neurons (Figure 
1). High-frequency stimulation (HFS) of LC was performed 
(rectangular current with a duration – 0.05 ms, by an amplitude 
of 0.12–0.18 mV, a current strength of 0.32 мА and a frequency 
of 100 Hz during 1 sec) according to stereotaxic coordinates 
(АР–9.7, L±1.3, DV+7.1 mm). To acute experiment rats aged 4 
weeks. After the sustained of expiry of the mentioned period in 
animals with PD the extracellular recording of background and 
evoked spike activity of single neurons of PAG are produced. 
Operation carried out on anesthetized animals (urethane 1,2 g/
kg i/p) in the next regular behind the sequence: fixing the skull 
in stereotaxic apparatus, craniotomy with the removal of bones 
from bregma to lambda and separate of dura mater. Previously 
animals were immobilized with 1% Dithyline (Suxamethonium 
iodide) (25mg/kg i/p) and transferred to artificial respiration.

The activity manifested as tetanic depression (ТD) and 
potentiation (ТP), accompanied by a post-tetanic depression 
(PТD) and potentiation (PТP). The single-spike activity of 207 
PAG neurons were analyzed. Post-stimulus manifestations of 
activity were assessed by on-line registration and programmed 
mathematical analysis, allowing spike selection by amplitude 
discrimination, withdrawal the «rasters» of peristimular spiking 
of neurons, construction of sum histograms, and diagrams of 
average spike frequency. We performed further multi-level 
statistical processing for pre- and post-stimulus time intervals. 

Figure 1. Scheme of the experiment on stimulation of LC and recording from PAG. Stereotaxic image of the site of stimulation zone - А, the site of 
recording of neuronal activity – B and characteristic action potential - C.
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Figure 3. А-D – histograms of sum spikes pre- and poststimulus tetanic depressor manifestations of activity TD PTD (А), in conjunction with 
the posttetanicexcitatory – ТDPТP (B), excitatory – TP PTP (C), accompanied by depressor (D), neurons of PAG, evoked at HFS LC in norm, 
in real time 20 sec (before and after stimulation). The raster of activity on А, B – detailed analysis of arbitrarily chosen single neurons from this 
group. Diagrams frequency of spikes, presented in histograms, with averaged values (М) for time periods prior to (BE - before event), at the time 
of tetanization (TT - time tetanization) and after stimulation (PE - post even). To the right of the diagrams – number of tests (n). The remaining 
symbols are in the figure.

Figure 2. Averaged Peri Event Time (РЕТН Average) histograms and frequency histograms (Frequency Average) of depressor excitatory (А, 
Groups А, B) and excitatory, excitatory depressor poststimulus manifestations of activity of PAG neurons in norm (А, B, Groups А, B) and on the 
model of PD (C, Groups А, B) at LC HFS (100 Hz, 1 sec). For groups A and B, the number of tests are indicated.
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Figure 5. The percentage of degree of evidence (on average frequency) of depressor (TD PTD), depressor-excitatory (TD PTP), excitatory (TP 
PTP) and excitatory-depressor (ТP PTD) poststimulus effects in single neurons of PAG at HFS LC on the rotenone model of PD, in comparison 
with thenorm. Designations: degree eviden. – degree evidence, Prestimul. -  Prestimulus, Poststimul. – Poststimulus.

Figure 4. А, B – histograms of sum spikes with diagrams frequency of spikes with averaged values, designed on the basis of pre- and poststimulus 
tetanic and posttetanic excitatory – TP PTP (А) and in conjunction of depressor – TP PTD (B) manifestations of spike activity of single neurons of 
PAG at LC HFS on the model of PD. The raster of activity on А, B – detailed analysis of arbitrarily chosen single neurons from this group. To the 
right of diagrams – number of tests (n). The remaining symbols are in the figure.
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at all, and tetanic potentiation in both sequences in limits of 
2.26 and 2.33-fold are defined, accordingly (Figure 2C, Groups 
А,B). Obvious excitotoxicity and full suppression of depressor 
poststimulus manifestations of PAG neurons activity at LC 
activation, testify on deep neurodegenerative defeat of PAG.

In assessing the relative severity of excitatory effects, for 
example of diagrams of average frequency of spikes, derived 
on the basis of raster pre- and poststimulus excitatory and 
excitatory-depressor uni- and multidirectional manifestations 
of spike activity of neurons on the model of PD, indicating 
the average numerical values in real time 20 sec before and 
after stimulation, including the time of HFS, obtained values, 
presented in the form of disk diagram for a better presentation 
of the degree of severity in the frequency display (in %) 
experimental data in Figure 5.

(on the bases of Figures 3 and 4), which led to the following 
conclusion. In excitatory succession (ТP PТP) the value of the 
ТP on the model of PD exceeding the norm (1.53-fold) (Figures 
4C and 5А-C), in excitatory depressor (ТP PТD) - the level in 
pathology 1.55-multiply exceeded the norm (Figures 4D and 
5А-D). The prestimulus of activity on the model of PD, precede 
to excitatory sequences, more than two times above the norm 
proved (44.84 against 20.14) (Figure 5E), and such, precede 
excitatory-depressor – order more than two-fold exceeding the 
norm (62.12 against 26.58) (Figure 5Е). Finally, poststimulus 
frequency of activity of PAG neurons at LC HFS, accompanied 
bypostsimulus excitatory sequences (TP PTP), reached 8.51-
fold exceeding the norm (108.65- against 12.76-fold) (Figure 
5E), as such, accompanied by depressor – in limits of 7.75-fold 
exceeding the norm (140.52 against 18.12) (Figure 5F).

In the present study revealed powerful excitotoxicity, 
testify about serious neurodegenerative defeat of important 
neurodegenerative antinociceptive structure- PAG have been 
revealed, contributing to the emergence of persistent chronic 
pain. Since the ND arose long before clinical manifestation, 
relies on responsibility of compensatory mechanisms for their 
deterrence. They are capable of not only restrain development 
of pathological process but can be used for prevention and 
treatment of ND. Compensatory mechanisms include increased 
activity and hyper perfusion of the affected brain structures, 
formation of antibodies to β-amyloid, neuroprotective protein 
synthesis, activation of antioxidant defense systems and 
proonkogens, inhibiting neuronal apoptosis, induction of 
neurogenesis, sprouting of neuronal terminals, the increase 
in the "density" of receptors to neuromediators [18,19]. 
However, with the appearance of clinical signs of compensatory 
mechanisms usually depleted.

Literary data confirm a provision on universal protective 
designation GABA-ergic inhibition.

In conclusion, increasing recognition of the pivotal role under 
ND acquires excitotoxicity, but its participation mechanisms 
need further research [20]. Excessive activation of glutamate 
receptors stimulating amino acids leads to numerous adverse 
effects, including the deterioration of calcium bufferational, 
the generation of free radicals, the activation of mitochondrial 
permeability transition, and secondary excitotoxicity. 
Understanding ways involved in excitotoxicity is critically 

important for the future of clinical treatment of most ND 
[20]. Hynd and co-author [21] note that attraction stimulating 
amino acid l-Glu may underlie acute and chronic pathogenic 
mechanisms: hypoxia-ischemia disease, epilepsy, Hantington 
and AD. Excitotoxicity when ND is the result of glutamate 
overactivation of glutamate NMDA and AMPA receptors, 
promoting to serious damage of neurons [22]. Excitotoxicity 
through excessive activation of NMDA receptors may enhance 
local neuronal vulnerability [21]. According to Caudle and 
Zhang [23] glutamate excitotoxicity mediated AMPA /kainate 
type glutamate receptor, damages not only neurons but myelin 
producing cells in the central nervous system, oligodendrocyte. 
So glutamic excitotoxicity, apparently an important mechanism 
in autoimmune demyelination, and AMPA/kainate his 
antagonists can provide effective therapy in multiple sclerosis 
[23]. Arundine and Tymanski [24] consider important molecular 
mechanisms of calcium-dependent neurological degeneration 
under excitotoxicity. Key mediators of excitotoxically injury - of 
Ca ions (Ca2+), which at physiological conditions regulate many 
of cellular processes including cell growth, differentiation, and 
synaptic activity [24]. With a view to their prevention requires 
restoring and deepening the depressor effects of protective 
destination and reduce excessive excitatory.
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СИНАПТИЧЕСКИЕ ПРОЦЕССЫ В 
ПЕРИАКВЕДУКТАЛЬНОМ СЕРОМ ПРИ 
АКТИВАЦИИ LOCUS COERULEUS В РОТЕНОНОВОЙ 
МОДЕЛИ БОЛЕЗНИ ПАРКИНСОНА

Мушегян Г.Х, Габриелян И.Г, Погосян М.В, Араджян 
Г.М, Саркисян Дж.С.

Целью исследования было изучение соотношения 
возбуждающих и депрессорных постстимульных 
проявлений активности одиночных нейронов 
периакведуктального серого вещества (ПСВ) при 
стимуляции голубого пятна (ГП) на модели болезни 
Паркинсона (БП) с целью выявления эксайтотоксичности 
при нейродегенерации и формировании постоянная боль, 
плохо поддающаяся лечению.

Электрофизиологические исследования выполнены 
на 6 крысах-альбиносах (230±30 г): интактных (n=3) 
и на ротеноновой модели болезни Паркинсона (БП), 
индуцированной односторонним введением ротенона, при 

4-недельном выдерживании животных (n=3). Внеклеточная 
on-line регистрация спайковой активности 236 одиночных 
нейронов периакведуктального серого вещества (ПСВ) при 
высокочастотной стимуляции (ВЧС) голубого пятна (ГП) у 
интактных животных (116 нейронов) и на модели БП (120 
нейронов) произвел.

По данным программного математического анализа 
были выявлены изменения депрессорной и возбуждающей 
реакций (ТД и ТП), сопровождавшиеся посттетанической 
депрессией и потенциацией. В нейронах ПСВ при 
стимуляции на модели БП выявлено полное подавление 
синаптических депрессорных постстимульных проявлений 
активности. Сделан вывод о серьезном нейродегенеративном 
повреждении важной антиноцицептивной структуры - 
ПСВ, способствующей развитию стойкой хронической 
боли у больных паркинсонизмом.

Ключевые слова: ротеноновая модель болезни Паркинсона, 
компактная черная субстанция, периакведуктальная серое 
вещество (ПСВ), высокочастотная стимуляция, голубое 
пятно (ГП).
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რუხი ნივთიერებაში ტვინში პარკინსონის დაავადების 
როტენონის მოლედში ცისფერი ლაქის გააქტიურებისას

გ. ხ. მუშეგიანი, ი. გ. გაბრიელიანი, მ. ვ. პოღოსიანი, გ. 
ნ. არაჯიანი, ჟ. ს. სარქისიანი.

 ანოტაცია
კვლევის მიზანი იყო ტვინში პერიაქუედუქტის 

რუხი ნივთიერების ცალკეული ნეირონების ამგზნები 
და დეპრესორული პოსტსტიმულატორული 
გამოვლინების შეფარდების შესწავლა პარკინსონის 
დაავადების მოდელში ცისფერი ლაქის 
სტიმულირებისას, ნეიროდეგენერაციისას და რთულად 
სამკურნალო მუდმივი ტკივილის ჩამოყალიბებისას 
ექსაიტოტოქსიკურობის გამოვლენისას.

ელექტროფიზიოლოგიური კვლევები ჩატარდა 
6 თეთრ ვირთხაზე (230±30 გ): ინტაქტური (n=3) 
პარკინსონის დაავადების როტენონის მოლედელზეც, 
ინდუცირებული როტენონის ცალმხრივი შეყვანით 
ცხოველების შენახვის 4 კვირის განმავლობაში 
(n=3). შესრულდა 236 ცალკეული ნეირონების 
პერიაქუედუქტის რუხი ნივთიერების ნაწიბუროვანი 
აქტიურობის ონლაინ-რეგისტრაცია ცისფერი ლაქის 
მაღალსიხშირული სტიმულირებისას ინტაქტურ 
ცხოველებში (116 ნეირონი) და პარკინსონის დაავადების 
მოდელზე (120 ნეირონი). 

დაპროგრამებული მათემატიკური ანალიზის 
თანახმად აღმოჩენილია ცვლილებები დეპრესორულ 
და ამგზნებ რეაქციებში (TD და TP), რასაც 
თან ახლდა პოსტსინაპტიკური დეპრესია და 
პოტენცირება. პარკინსონის დაავადების მოდელზე 
პარკინსონის დაავადების მოდელზე ცისფერი 
ლაქის მაღალსიხშირული სტიმულირებისას 
პერიაქუედუქტის რუხი ნივთიერების ნეირონებში 
გამოვლენილია აქტიურობის სინატიკური 
დეპრესორული პოსტსტიმულატიური ატქიურობის 
გამოვლენის სრული დათრგუნვა, რასაც თან ერთვის 
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პოსტ ტეტანიური გამოვლინებები და ასეთი ამგზნები 
გამოვლინებების სიჭარბით. გაკეთდა დასკვნა 
მნიშვნელოვანი ნოციცეპტიური სტრუქტურის - ტვინის 
პერიაქუედუქტის რუხი ნივთიერების სერიოზული 
ნეიროდეგენერატიული დაზიანების შესახებ, რომელიც 
ხელს უწყობს პარკინსონის დაავადების მქონე 

პაციენტებში მყარი ქრონიკული ტკივილის წარმოშობას.
საკვანძო სიტყვები: პარკინსონის დაავადების 

როტენონის მოლედელი, კომპაქტური შავი ნივთიერება, 
პერიაქუედუქტის რუხი ნივთიერება, მაღალსიხშირული 
სტიმულირება, ცისფერი ლაქა. 
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