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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.
This study aimed to investigate the ratio of excitatory and 

depressor post-stimulus manifestations of SI single neuron 
activity during VPL stimulation of the thalamic nucleus in a PD 
model to identify excitotoxicity in neurodegeneration and the 
formation of persistent pain, which is poorly treatable.

Electrophysiological studies were performed on 6 albino 
rats (230±30 g): intact (n=3) and rotenone model (n=3) of 
Parkinson's disease (PD) induced by unilateral administration 
of rotenone for 4 weeks (n=3). We performed extracellular 
recordings of spike activity of 207 single neurons in the primary 
somatosensory cortex (SI) of the ventral posterolateral thalamic 
nucleus (VPL).

Changes in depressor and excitatory responses (TD and TP), 
accompanied by post-tetanic depression and potentiation, were 
detected using the analysis. A significant excess in the frequency 
of the prestimulus (background) activity of SI neurons in a PD 
model was revealed as a result of the inevitable development 
of excitotoxicity. At the post-stimulus level, excitotoxicity 
under pathological conditions should also be recognized. In 
conclusion, the PD model revealed excitotoxicity in the SI 
neurons with the emergence of persistent chronic pain.

Key words. Single neuronal activity, Parkinson's disease, 
Substantia nigra pars compacta (SNc), primary somatosensory 
cortex (SI), thalamic ventral- posterior-lateral nucleus (VPL).
Introduction.

Most patients with neurodegenerative diseases complain of 
pain, the origin of which remains largely unknown and requires 
further research [1]. There is a frequent occurrence of pain 
in Parkinson's disease (PD) as the most important non-motor 
symptom [2], with violation of both the emotional dimension 
of pain and the subjective perception of its intensity [3]. In 
addition, different types of pain, predominantly neuropathic or 
nociceptive, have been described in PD [4-7]. However, all four 
types of pain associated with PD (musculoskeletal, dystonic, 
radicular, and neuropathic) prevail in advanced stages of PD 
[8]. In particular, the occurrence of neuropathic pain in PD 
is associated with neurodegeneration of the antinociceptive 
structures involved in pain modulation [9]. Among them, the 
Periaqueductal gray matter (PAG) and the Locus coeruleus 
(LC) are of interest.

Moreover, LCs with a large nucleus in the medulla oblongata 
(Raphemagnus-RMg), where the medial system terminates, 
is involved in the affective and cognitive evaluation of pain, 
pain memory, and autonomous responses [7]. They actively 
participate in modulation of spinal nociceptive transmission, 
in particular, by inhibition of nociceptive stimuli from neurons 
of the dorsal horn of the spinal cord, disruption of which is 
associated with increased sensation of pain [10,11]. In addition, 

of particular interest is the mutual interaction between the 
thalamus and the cerebral cortex at the level of the ventral 
posterolateral thalamic nucleus (Ventral postero-lateral - VPL) 
and the primary and secondary somatosensory cortex - SI and 
SII. For example, stimulation of the latter reduces pain in humans 
and inflammatory nociception in animals. The lateral thalamus, 
being one of the higher centers important for pain mechanisms, 
also plays an important role in central pain. The lateral thalamus 
is a key area of nociceptive information transmission to the 
cerebral cortex, and the main thalamic nuclei, which are parts 
of the dorsal thalamus, to which nociceptive inputs from the 
somatosensory cortex (S) are transmitted directly through a 
number of pathways, including the medial lemniscus (ML) 
pathway [12], require special study, particularly the projection 
from the secondary somatosensory cortex (S1I) to VPL) in a 
PD model. S2-induced antinociception and its underlying 
mechanisms have been studied in an experimental model of 
neuropathy caused by spinal nerve ligation in a hypersensitive 
group of animals [13]. Antinociception was thought to be 
mediated by serotoninergic pathways of the medulla oblongata 
and spinal cord acting on the spinal 5-HT1A receptor, and partly 
through decreased ON-cell discharge in the rostroventromedial 
part of the medulla oblongata [13].

Thus, the problem of preventing the effects of nitrates 
continues to be relevant, and can also be studied in the rotenone 
model of PD.

The present study sought to examine the ratio of excitatory 
and depressor post-stimulus activity of SI single neurons during 
VPL stimulation of the thalamic nucleus in a PD model, in order 
to identify excitotoxicity in neurodegeneration contributing to 
persistent pain that is poorly treatable.
Materials and methods.

Electrophysiological studies were performed on 6 albino rats 
(230± 30 g): intact (n=3) and PD models (n=3) induced by 
unilateral administration of rotenone for 4 weeks. Rotenone was 
administered under Nembutal anesthesia (40 mg/kg, i.p.) at a 
rate of 12 μg in 0.5 μl of dimexide (at a rate of 0.1 μl/min) in the 
“medial forebrain bundle” according to the stereotaxic atlas’s 
coordinates (AP+0.2; L± 1.8; DV+8 mm) [14]. All procedures 
were performed in accordance with the “Regulations for the 
Care 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 a stereotactic 
apparatus we performed cranial craniotomy from bregma to 
lambda and opened the dura mater. Glass microelectrodes with 
a tip diameter of 1–2 µM filled with 2 M NaCl were inserted 
into the brain SI according to stereotaxic coordinates (AP–4.44, 
L±6.0, DV+3.0 mm) for extracellular recording of the spike 
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activity of single neurons. High-frequency stimulation (HFS) 
of the VPL was performed (rectangular current with a duration 
of 0.05 ms, an amplitude of 0.12–0.18 mV, a current strength 
of 0.32 mA and a frequency of 100 Hz for 1 s) according to 
stereotaxic coordinates (AP-2.28; L±3.0; DV+5.8 mm) (Figure 
1). Stereotaxic surgery was performed on anesthetized animals 
(sodium pentobarbital 40 mg/kg i. p.) in the following sequence: 
skull fixation in a stereotactic apparatus, craniotomy with 
removal of bones from bregma to lambda, and separation of the 
dura mater. Animals were immobilized with 1% dithyline (25 
mg/kg i. p.) and transferred to artificial respiration. 

Figure 1. Scheme of the experiment on VPPC irritation (VPL) and 
output from the SI. Stereotaxic image of the site of recording of 
neuronal activity - B, stimulation zone - A, and characteristic action 
potential - C.

The activity manifested as tetanic depression (TD) and 
potentiation (TP) accompanied by post-tetanic depression (PTD) 
and potentiation (PTP). The single-spike activity of 207 SI 
neurons was analyzed. Post-stimulus manifestations of activity 
were assessed by on-line recording and software mathematical 
analysis allowing spike selection by amplitude discrimination, 
with the output of "rasters" of peristimulus spiking neurons, 
construction of sum histograms, and diagrams of the average 
spike frequency. Further, we performed multilevel statistical 
processing for pre- and post-stimulus time intervals. Peri-Event 
Time (PETN Average) histograms and Frequency Average 
histograms were plotted for the selected compared spiking 
groups.

The analysis of the data was carried out according to a 
specially developed algorithm that ensures the significance of 
peristimulus changes in interspike intervals. The homogeneity 
of two independent samples was 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 significance 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 SI neurons 

was performed in the norm group (92 neurons, n=3) and on a 
PD model (115 neurons, n=3). By means of analysis based on 
the averaged number of spikes (PETH), with recalculation in 
inter-pulse intervals and frequency in Hz (Frequency Average), 
compared with the prestimulus level, the following changes in 
depressor and excitatory tetanic responses were found under the 
given conditions. In the SI neurons during VPL HFS, the TD in 
the TD PTD and TD PTP were within 1.66- and 1.5-fold lower 
than the prestimulus activity, and the TD was within 4.44- and 
1.38-fold higher than the prestimulus activity (Figure 2A and 
2B).

On PD model, TD in both post-stimulus sequences were 
estimated to be about 3.0-fold and 2.33- decline respectively, 
and TP - 2.0- and 1.53-fold increase respectively (Figure 2C and 
2D). In other words, when depressor poststimulus manifestations 
of SI neuronal activity is exceeded in the VPL model of PD as 
compared to norm, naturally excitatory ones are exceeded; in 
particular, in the excitatory sequence and only reduced in the 
excitatory-depressor one, a different picture will appear when 
assessing frequency shifts, as further analysis of the study 
results related to pre- and post-stimulus activity demonstrates. 
It should also be taken into account that the number of neurons 
responding to depressor effects on PD model is much less than 
those responding to excitatory ones (10 and 13 vs. 51 and 40), 
while in the norm this ratio is in a certain harmony (within 21 
and 31 vs. 7).

In assessing the relative degree of expression of the above-
mentioned depressor effects in both post-tetanic sequences (PTD 
and PTP) and excitatory effects, using the example of averaged 
spike frequency diagrams derived from the pre- and post-
stimulus depressor and depressor-excitatory multidirectional 
manifestations of spike activity of neurons in norm, indicating 
the average numerical values in real time 20 s before and after 
stimulation, including the HFS time, obtained values presented 
in the form of disk diagrams for a clearer representation of the 
degree of expression in the frequency representation (in %) of 
the experimental data in Figure 3 (based on Figure 4), which led 
to the following conclusion. In the two depressor sequences in SI 
neurons during HFS VPL, TD values normally reached 1.26 and 
1.25-fold frequencies of prestimulus activity (Figures 3A,C,D 
and Figures 4A,B), while in the PD model they were detected 
in within 1.60- and 1.5-short term decline in both sequences 
(Figure 3B and 4A,B). In excitatory sequences, the level of TP 
of SI neurons was normally calculated within 1.22- and 3.17-
fold increase in prestimulus activity (Figures 3A and 4E,F), and 
in the PD model - within 2.45- and 2.13-fold increase (Figures 
3B and 4E,F). Thus, depressor poststimulus manifestations of 
activity in norm were slightly lower than those in pathology, 
and excitatory manifestations were almost twice as low in the 
excitatory sequence, but only higher in the excitatory-depressor 
sequence.

The prestimulus frequency of SI neuron activity on PD model, 
preceding depressor poststimulus effects, exceeded the norm 
by 1.58 and 2.02 times (15.36 (36%) and 13.30 (39%) versus 
9.74 (23%) and 6.57 (19%), respectively) (Figure 3H, З and 4 
A,B,E,F).
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Figure 2. Averaged peristimulus (PETH Average) and frequency histograms (Frequency Average) of depressor (A, C) and excitatory (B, D) 
poststimulus manifestations of SI neuron activity in the norm group (A, B) and on the PD model (C, D) at VPS (100 Hz, 1 sec) VPL. For groups A, 
B the number of tests is indicated.

Figure 3. Percentage correlation of the degree of expression (by average frequency) of depressor (TD PTD), depressor-excitatory (TD PTP), 
excitatory (TP PTP), and excitation-depressor (TP PTD) post-stimulus effects in SI single neurons during VPL HFS in the normal and rotenone 
models of PD. Notation: Degree of expression. - Degree of expression, present and poststim. - Prestimulus and post-stimulus.
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Figure 4. A-D - histograms of the sum of spikes of pre- and post-stimulus depressor manifestations of TD PTD activity (A, E), in combination with 
excitatory - TD PTP (B, F)), excitatory - TP PTP (C, G), accompanied by depressor (D, H), real-time 20 sec (before and after stimulation) of SI 
neurons evoked in the HFS VPL in the norm (A-D) and on PD model (E-H). Rasters of activity on A-H- a detailed analysis of randomly selected 
single neurons from a given group. Spike frequency diagrams presented in histograms with averaged values (M) for time intervals before (BE - 
before event), at the time of tetanization (TT - time tetanization) and after stimulation (PE - post event). To the right of the diagrams is the number 
of trials (n).
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This on PD model, preceding excitatory post-stimulus 
reactions, exceeded the norm even higher by 4.32 and 3.10 times 
(29.48 (25%) and 26.70 (23%) versus 6.82 (6%) and 8.40 (7%), 
respectively) (Figures 3I, J and 4C,D,H,I). In other words, it is 
obvious that the frequency of prestimulus (background) activity 
of SI neurons on PD model is significantly higher, as a result of 
the inevitable development of excitotoxicity in them, which is 
fraught with apoptosis and death.

The poststimulus frequency of SI neuron activity during HFS 
VPL, accompanied by depressor effects, exceeded the norm 
by 1.24 and 1.71 times (9.63 and 8.85 versus 7.74 and 5.24, 
respectively) (Figure 3 H,I and 4 A,B,E,F), and, accompanied 
by excitatory effects, even turned out to be 8.7 and 2.14 times 
higher than the norm (72.23 and 57.04, versus 8.32 and 26.61) 
Figure 3 I,J and 4 C,D,H,I). Thus, the presence of excitotoxicity 
in pathological conditions should also be recognized at the level 
of post-stimulus effects.

Excitotoxicity identified in PD models compensates for the lack 
of excitation due to neuronal death and results from disruption 
of calcium buffering, free radical generation, and activation 
of mitochondrial permeability (15), overactivation of NMDA 
(N-methyl-D-aspartate) and AMPA (α-amino-3-hydroxy-5-
methyl-4-isoxazole propionic acid) receptors, causing severe 
neuronal damage (9), death (8, 10) and contributing to chronic 
pain. In conclusion, the PD model revealed excitotoxicity in SI 
neurons, leading to neurodegenerative damage to this important 
antinociceptive structure of the thalamus with the onset of 
persistent chronic pain. This indicates the need not only for 
the protective preservation of depressor effects, but also for the 
reduction of excessive excitatory effects [15].
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SYNAPTIC PROCESSES IN THE ANTINOCICEPTIVE 
SOMATOSENSORY CORTEX SI OF THE BRAIN 
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MODEL OF PARKINSON'S DISEASE
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Abstract
This study aimed to investigate the ratio of excitatory and 

depressor post-stimulus manifestations of SI single neuron 
activity during VPL stimulation of the thalamic nucleus in a PD 
model to identify excitotoxicity in neurodegeneration and the 
formation of persistent pain, which is poorly treatable.

Electrophysiological studies were performed on 6 albino 
rats (230±30 g): intact (n=3) and rotenone model (n=3) of 
Parkinson's disease (PD) induced by unilateral administration 
of rotenone for 4 weeks (n=3). We performed extracellular 
recordings of spike activity of 207 single neurons in the primary 
somatosensory cortex (SI) of the ventral posterolateral thalamic 
nucleus (VPL).

Changes in depressor and excitatory responses (TD and TP), 
accompanied by post-tetanic depression and potentiation, were 
detected using the analysis. A significant excess in the frequency 
of the prestimulus (background) activity of SI neurons in a PD 
model was revealed as a result of the inevitable development 
of excitotoxicity. At the post-stimulus level, excitotoxicity 
under pathological conditions should also be recognized. In 
conclusion, the PD model revealed excitotoxicity in the SI 
neurons with the emergence of persistent chronic pain.

Key words: Single neuronal activity, Parkinson's disease, 
Substantia nigra pars compacta (SNc), primary somatosensory 
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cortex (SI), thalamic ventral- posterior-lateral nucleus (VPL).
სინაფსური პროცესები SI ტვინის ანტიცეპტიურ 

სომატოსენსორული ქერქში, გააქტიურებული 
ვენტრალური უკანა-გვერდითი თალამუსის ბირთვით 
პარკინსონის დაავადების როტენონის მოდელში

მუშეღიან გ.ხ., არაჯიან გ.მ., პოღოსიან მ.ვ., ჰოვსეფიან 
ვ.ს., სარქისიან ჯ.ს.

რეზიუმე
მიზანიმიღებულია პარკინსონის დაავადების მოდელზე 

VPL თალამუსისბირთვისსტიმულირებისას ცალმაგი SI 
ნეირონების აქტიურობის ამგზნები და დეპრესორული 
სტიმულირების შემდგომი გამოვლინების შეფარდების 
შესწავლა, ექსაიტოტოქსიკურობის გამოვლენის 
მიზნით, რომელიც მოწმობს მის ნეიროდეგენერაციულ 
დაზიანებაზე და ხელს უწყობს მყარი ტკივილის 
ჩამოყალიბებას, რომელიც ცუდად ექვემდებარება 
მკურნალობას.    

მეთოდებიჩატარდა ელექტროფიზიოლოგიური 
კვლევები ალბინოს ხაზის 6 ვირთხაზე (230±30გ.): 
ინტაქტური(n=3) და პარკინსონის დაავადების (პდ) 
როტენონის მოდელის  (n=3) მაგალითზე, 4 კვირით 
ინდუცირებული როტენონის უნილატერალური 
შეყვანით ცხოველებში (n=3). წარმოებდა ვენტრალური-
პოსტერო-ლატერალური თალამუსის ბირთვის 

მაღალსიხშირული სტიმულირებაზე (VPL)თავის 
ტვინის პირველადი სომატოსენსორული ქერქის (SI) 
207 ცალმაგინეირონების ნაწიბურების აქტიურობის 
ექსტრაუჯრედული online რეგისტრაცია.

შედეგები და დასკვნები.ანალიზის მეშვეობით 
აღმოჩენილ იქნა ტეტანური ამგზნები და დეპრესორული 
რეაქციების შემდეგი ცვლილებები, რასაც თან ახლდა 
პოსტტეტანური დეპრესია და პოტენციაცია. პარკინსონის 
დაავადების მოდელის მაგალითზე გამოვლენილია SI 
ნეირონების პრესტიმულირების (ფონური) აქტიურობის 
სიხშირის მნიშვნელოვანი გადაჭარბება მათში 
ექსაიტოტოქსიკურობის გარდაუვალი განვითარების 
შედეგად. პოსტ სტიმულირების ეფექტების დონეზე 
აგრეთვე აღსანიშნავია პათოლოგიის პირობებში 
ექსაიტოტოქსიკურობის არსებობა. და ბოლოს,  
პარკინსონის დაავადების მოდელის მაგალითზე 
გამოვლენილია ექსაიტოტოქსიკურობა SI ნეირონებში, 
მყარი ქრონიკული ტკივილის წარმოშობით.

საკვანძო სიტყვები: ნეირონების ცალმაგიაქტიურობა, 
პარკინსონის დაავადება, კომპაქტური სავი სუბსტანცია 
(SNc), პირველადი სომატოსენსორული ქერქი (SI), 
თალამუსის ვენტრალური უკანა ლატერალური ბირთვი 
(VPL).
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