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AHHOTALMA

BonesHb [MapkuHcoHa (BI1) — pacnpoctpaHéHHoe 3aboneBaHue, NOMCKY BUONOrMYECKMX MapKEPOB KOTOPOro MOCBSLLe-
Ho 6onblioe KonuyecTso pabot. CyliecTByloT pasHoobpasHble MOAenu, Npeanaraiolye CHMTaTb TaKoBbIMU PasfinyHble
naTTepHbl aKTUBHOCTM cybTanamuyeckoro aapa (CTA), 0AHaKO HW OJMH U3 OMMCAHHBIX HA CEroAHALIHWUIA feHb MapKEPOB
He ABNIAETCA 0[JHO3HAYHbIM. CyLLEeCTBEHHBIM OrpaHUYeHMEM MUCCIe[0BaHWI Ha NIOLAX B 3TOW 061acTu ABNAETCA OTCYTCTBUE
HaZEXHON KOHTPOSIbHOM FpynMbl.

B cBeTe 3T0ro 0TAENbHBIA MHTEPEC NPEACTABNAKT NALMEHTHI C aCUMMETPUYHBIM NPOSBIIEHMEM MOTOPHLIX CUMMTOMOB 60-
nesuu MMapruHcona. W.A. Konoman un A.LL. Ynumaromepnosa [1] nokasanu, 4to, ¢ 04HOM CTOPOHBI, aCUMMETPUA MOTOPHbIX
HapyLLEHUI OTpaXKaeT aCMMMETPUIO JereHepaTUBHOr0 NpoLecca B YEPHOM cybCTaHUMK, C Opyroi — 4To, X0TA AebioT 3a-
boneBaHus, KaKk NpaBuio, 0QHOCTOPOHHWM, BbiparKeHHaA pa3HULA CTENEHW HapyLLEHWUI COXPaHAETCA Mo Mepe Mporpeccu-
poBaHMA 60Ne3HN LU Y HeBOMBLLOr0 YMCIa NaLMUeHTOB.

B naHHoi paboTe Mbl aHanu3vpoBanM 04MHOUHYI0 aKTUBHOCTb HEMpOHOB (single-unit activity, SUA) 1 noKanbHbIA NoTeH-
uman nona (local field potential, LFP), 3aperncTpupoBaHHble Npy NOMOLLM MUKPO3/IEKTPOAA BO BPEMA OMepaLii N0 BHMB-
NEHVI0 3NEKTPOOB ANA rNy6MHHOM CTUMyNAUMKM Mo3roBbix CTPYKTYp (deep brain stimulation, DBS). B nccneposanue
OKasanucb BKMIOYEHbI 12 NaLMEHTOB, y KOTOPbIX BbIPaXEHHOCTb BpaguKUHE3UW, PUTMOHOCTM U TPEMOPA, OLEHEHHAA He-
BponioroM o wkane UPDRS 3, pasnuuanach Meay CTOpOHaMM Tefla MUHUMYM Ha 25% Mo KaxkgoMy nepevncieHHoMy
cumnToMy. [InnMTenbHOCTb 60N1e3HM Ha MOMEHT OnepaLmy y 3TUX NaLMEeHTOB cocTaBnsAna ot 6 ao 22 net (MeguaHa — 12).
Cyb6TanaMuyecKoe AApo, KOHTpIaTepanbHoe CTOPOHE Tena ¢ 6osiee BbiparKeHHbIMY HapYLIEHWAMM, Mbl Ha3biBaeM «adeKT-
HbIM», NPOTUBOMONOMHOE AAPO («HeapdeKTHOE») BbICTYNAET YCNOBHBIM KOHTPOEM.

[na aHanu3a 3aperucTpupoBaHHble HEMPOHbI ObINW NoAeneHbl Ha 3 rpynMbl B COOTBETCTBUAM C TUMOM UX aKTUBHOCTU —
Ha TOHWYECKMe, NayeyHble U Nay3Hble — C MOMOLLbI0 METOAA MepapXMyecKol KnacTepu3aluy Ha OCHOBE anropuTMa
Yopaa [2]. Mbl He 06Hapy*UM 3HAUYMMBIX Pa3NIMUMIA B aKTUBHOCTM HEMPOHOB KaKoro-nnbo oTAeNbHOMO KiacTepa Mex-
[y NONyLLApUAMK, KaK M NpeAcKa3aHHyl0 Knaccuyeckon Mopenbio [3] paboTbl 6a3anbHbIX FaHMMEB FMNEPAKTUBHOCTL
HerpoHoB «adderTHoro» CTA. OgHaKko HaM ypanoch NoKasatb, YT B «adeKTHOM» Afpe 3Ha4YMMO Bonbliue nay3HbiX
HEMPOHOB U 3HA4YMMO MEHbLLE MayeyHblX, MPUTOM, YTO HEMPOHbI 060MX 3TUX TMUMOB ObIIM NOKANU30BaHbI B BEPXHE
nonoeuHe CTA, cumTalowwenicA MOTOpHOM 30HOM Agpa. Mbl NpegnonaraeM, YTo Mo Mepe MPorpeccupoBaHnA 6onesHu
yacTb HerMpoHoB CTA (nayeyHble B Hallewn BbIOOPKe) MEHAIOT NAaTTepPH CBOEW aKTUBHOCTM B CTOPOHY 60/1ee pUTMMYECKOM
aKTMBHOCTM (nay3Hble B Hallel BblbOpKe), YTO NMOATBEPHKOAET MUNOTE3Y O CBA3M PUTMUYECKOM aKTUBHOCTM HEMpPOHOB
CTA c bonesHblo MapkuHCoHa [4].

LFP 6binv npoaHann3npoBaHbl MYTEM OLEHKM CUHXPOHHOCTM OCLMANALMI (0-SCOres) B HECKOMbKMX CMEKTPasbHbIX Auana-
30Hax Noc/e BblYMTAHWA anepuMoanyeckon KoMnoHeHTbl curHana (1/f). TpagnumoHHo ¢ 6onesHblo [MapKkUHCOHa CBA3bLIBAIOT
yBENMYEHNEe MOLLHOCTM ocumnnsAumMiA B 6eta-amanasore (13-30 'w). Hawm pe3ynbtathl NoKasbiBaloT, UTo B «ad$eKTHOM»
A0pe AeNCTBATENLHO MOBbILLEHA MOLLHOCTb OCLMANALMIA B HU3KOYACTOTHOM beTa-amanasoHe (13-20 '), HO B BbICOKO-
yacToTHOM YacTu (20-30 'u) AnanasoHa MOLLHOCTb, BOMPEKM OHUOAHWAM, Obifla 3HAUMMO HUHKe B «addeKTHOM» agpe. 310
COrnlacyeTcs C COBPEMEHHOW MMMOTE30M 0 pasHOM (pU3MONOrMYeckon ponu KonebaHui B 3TUx nopamnanasoHax [5]. Kpome
TOr0, Mbl MOKa3aju yBeNMYEHUE CMEKTpanbHON MOLWHOCTY B anbda-ananasoHe (8—12 'y) U yMeHblUeHMe B raMMa-aua-
nasoHe (30-60 I'u) B «adderTHOM» Aape.

Hawwwm pe3ynbtathl N03BONAIOT NPEANONOKUTL, YTO HOlEe PUTMUYHBINA XapaKTep aKTUBHOCTM MayeyHbIX HEpPOHOB U yBe-
NINYeHMe KONMYeCTBa nay3HbiX HeWpoHOB B MoTopHOM 30He CTA MoeT paccMatpuBaTbcA Kak Mapkép bll. Ysennuenue
MOLLIHOCTM KonebaHui B anbga- U HA3KOYACTOTHOM GeTa-AMana3oHax Ha (OHe YMeHbLUEHNA CUHXPOHM3ALMK B BbICOKO-
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YaCTOTHOM M raMMa-fMana3soHax Take MOryT ObiTb CBA3aHbI C 3TUM PacCTPOMCTBOM, HO UX B3aUMOCBA3b C CUMMTOMaMu
bonesHu TpebyeT AanbHEeLEro U3y4eHus.
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Differences in neuronal activity of subthalamic nuclei
in asymmetric manifestation of Parkinson's disease
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ABSTRACT

Parkinson’s disease (PD) is a widely prevalent condition that has spurred extensive research into identifying its biological
markers. Different models posit that various patterns of subthalamic nucleus (STN) activity may constitute such markers,
but as yet, none have been established definitively. One major limitation of human studies in this area is the lack of a reliable
control group.

Therefore, patients with asymmetric motor symptoms in Parkinson’s disease are of great interest. I.l. Koloman and
A.Sh. Chimagomedova [1] demonstrated that motor malfunctions’ asymmetry is indicative of asymmetry in the degenerative
process within the substantia nigra. Additionally, while the disease normally manifests unilaterally, only a limited number
of patients maintain notable distinctions in motor symptom severity as the condition advances.

In our study, we analyzed the single-unit activity (SUA) and local field potentials (LFP) recordings obtained duringdeep brain
stimulation (DBS) surgeries in 12 patients. Neurologists assessed the severity of bradykinesia, rigidity, and tremor using
the UPDRS 3 scale to meet the inclusion criteria, and the difference between hemibodies for each symptom had to be at
least 25%. The median disease duration at the time of surgery ranged from 6 to 22 years. The subthalamic nucleus that
exhibits more pronounced disturbances on the contralateral side of the body is labeled as “affected”, while the opposite
STN, acting as the conditional control, is labeled as “nonaffected”.

For analysis, we used a hierarchical clustering method following Ward's algorithm [2] to classify the recorded neurons
into three groups based on their activity type: tonic, burst, and pause cells. We observed no significant differences
in neuron activity between hemispheres, as well as the predicted hyperactivity of affected STN neurons outlined by
the classical model [3] of basal ganglia functioning. However, the research demonstrates a significant increase in pause
neurons and decrease in burst neurons within the affected nucleus. Furthermore, both of these types were found to be
situated in the upper half of the STN, which is recognized as the motor region of the nucleus. Our hypothesis is that
as the disease advances, some STN neurons (specifically burst neurons in our sample) modify their activity patterns
towards a more rhythmic activity (pause neurons in our sample). This supports the notion that rhythmic STN neuron
activity is linked to Parkinson's disease [4].

LFPs were analyzed by estimating oscillation synchrony (o-scores) in multiple spectral bands following 1/f correction.
Parkinson’s disease is typically associated with boosted oscillation power in the beta range (13-30 Hz). Our findings
established that the power of oscillations in the low-frequency beta range (13-20 Hz) were indeed increased in the affected
nucleus, but, in contrast to expectations, the power in the high-frequency part (20-30 Hz) of the band was significantly
lower.

This is in line with the modern theory of distinct physiological functions of oscillations in these subbands [5]. Additionally,
we noticed a rise in frequency spectrum in the alpha range (8—12 Hz) and a decrease in the gamma range (30-60 Hz) in
the impacted nucleus.

Our findings indicate that a more rhythmic burst neuron activity mode and an increased number of pause neurons in
the motor zone of the STN can serve as a marker for PD. Increased power oscillation in alpha and low-frequency beta
bands, along with reduced synchronization in high-beta and gamma bands, may also be linked to this disorder. However,
further investigation is necessary to determine their association with disease symptoms.
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