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AHHOTALMA

MuKpoanekTpoaHas peructpaums (MER) akTMBHOCTW OTAENbHBIX HEMPOHOB BO BPEMA OMepaLim Mo BHUBIEHUIO 3NEKTPO-
AO0B ANs rNybuHHOM cTuMynsAumMm Mosra (DBS) nossonseTt onpegenutb rpaHuubl cybtanammyeckoro agpa (STN), a Takke
U3Y4YUTb HEMPOHHYID aKTMBHOCTb B MOKOE MPMW BbIMOSHEHWUM MPOM3BOSIbHBIX ABUMEHWI Y NauMeHToB c bonesHbio [Map-
KuHcoHa (BI). HecMoTpA Ha BbICOKYI0 3¢¢eKTMBHOCTL cTUMynAuMM STN, TouHaa QyHKLMOHANbHAA Posib 3TOWM CTPYKTYpbI
B BMraTe/lbHOM KOHTpOJie 0 KOHLLA He fACHa.

Mol 3apervcTpupoBanm HelMpoHHylo akTuBHOCcTb STN y 16 naumenTos ¢ BI1 Bo BpeMa uMnnaxTauum DBS anektpoga. OgHo-
BPEMEHHO C aKTUBHOCTbIO HEMPOHOB BblIM 3aMMCaHbl 3IEKTPOMMUOTPaMMbI MbILLIL, NIPEANIeYbA U GOHOrpaMMa C roslocoBbI-
MM KoMaHAaMu. MaLmeHTbl BLINONHANM OBUraTesbHble TeCTbl — CHMUMANM KUCTb B Kynak. B obuien cnoxHoctn 93 (16,6%)
13 560 nccnefoBaHHbIX HEMPOHOB pearnpoBany Ha ABUKEHUA. Mbl pasaennnm 3aperMcTpuMpoBaHHble HeMpOHbI Ha 3 naT-
TepHa METOAOM MepapXMUecKom KnactTepusalnm rucTorpamMmM NiaoTHOCTU MEXMMMYTBCHBIX MHTEPBANoB: TOHUYECKUN, He-
PerynspHo-MaYeyHbIN U NayeyHo-nay3HbI NaTTePHbI.

Mbl KnaccudMLUMpOBanM CEHCUTUBHBIE HEMPOHbI B COOTBETCTBUM C TUNAMU peakLMii: akTUBaLMOHHbIE (76,9%) 1 TopMo3-
Hble (23,1%). B 90% cnydaeB aKTVMBaLMOHHaA peakums HelpoHOB oneperkana aeukeHue. 53,8% oTBeToB ObINM TOHUYECKU-
MK, a 46,2% — da3nyeckMMu. [1Be TPETM TOPMO3HbLIX PeakLmii bbin onepekalowmMu, Bo3HuKas 3a 0,2-0,3 ¢ go Havana
OBVIXKEHUA, 0fHa TPETb HEMPOHOB aKTMBMPOBANach NoCie Havana ABUMEHUA C BpeMeHHoW 3adepkon ot 0,05 go 0,2 c.
83,3% TOpMO3HbIX HEMPOHOB pearnpoBanu ToHMYeCKK, a 16,7% — dasmyecku. Bee pasuyeckune peakumm npefwecTBoBa-
TN OBUXKEHMIO.

Mpy cpaBHEHMM NOKa3aTeNein CEHCUTUBHBIX U HECEHCUTUBHBIX HEMPOHOB Obin 06HapyKeH pAag oTamumnin. Cpeau oboux Tn-
MOB HEMPOHOB bObINV 06HapYXeEHbI BCE TPY ONMMUCaAHHbLIX NAaTTePHA aKTUBHOCTY, OAHAKO CPeAM CEHCUTUBHBIX HEMPOHOB Nay3-
HO-Na4eyHble HeMpoHbI bbiM NpeacTasneHbl wupe (57,9% npotus 49,5%). bonee Toro, HeperynApHO-NaYeyYHbIN U Navey-
HO-Nay3HbI HEMPOHbI, pearvpyloLme Ha OBUKEHWA, UMENW 3HAYUTENBHO MEHbLLYIO UCMEPCHI0 HECKONIBKMUX NapamMeTpoB
aKTUBHOCTM, BKJTIOYaA YacToTy paspAfoB, NayeyHbl UHOEKC, CPELHION LJIMHY NaykM U UHOEKC OCLMANALMIA B AMana3oHe
8-12 1 12-20 Ty. Mol TaKKe MpoaHanM3UpPoOBanM pacnpefesieHne CEHCUTUBHBIX HEMPOHOB B TOJLLE CybTanaMUyecKoro
Ai0pa BAO/b TPAEKTOPUM ABUXKEHUA aneKTpoda. 1o cpaBHEHUIO C HECEHCUTMBHBIMU, CEHCUTMBHBIE HEMPOHBI pacnofara-
JICb 3HAYMMO [OpcasnbHee, MPUYEM CEHCUTMBHBIE May3Hble HEMPOHbI MPaKTUYECKM He BCTPEYanuCb B BEHTPANbHOM Mo-
nosuHe STN.

Ha ocHoBaHWW NoMyYeHHbIX pe3ynbTaToB MOXKHO NPEANosIOKUTb, YTO May3HbIA NATTEPH UrpaeT BaHYl0 Posib KaK B OBU-
raTeflsHOM KOHTpOSie, TaK U B ero HapyleHusax npu bIl. Bonbluoe pasHoobpasue xapaKTepuUCTUK HabnloaaeMblx peakLmii
YKa3blBaeT Ha BbICOKYI0 reTeporeHHocTb STN-HEMPOHOB, y4acTBYIOLLMX B ABUraTelbHOM KoHTposie. CyllecTBOBaHMe Kak 3a-
Ma3ablBaloLLMX, TaK M OMeperKaloLimx HEMPOHHBIX peakLMi yKasbiBaeT Ha ydacTie STN Kak B NOATrOTOBKe, TaK U B MHULM-
MPOBaHWUM OABUMKEHWSA, @ TaK}Ke B KOHTPOJIE TEKYLLMX OBUMHKEHWI nocpeacTBOM apdepeHTHOM obpaTHoM cBA3un. PasHoobpa-
3Me HeVPOHHbIX PeaKLMI cornacyeTca ¢ AMHaMUYecKoi Mofenblo 6a3anbHbix raHrnuneB, yTeepaalollen, uto STN Moxer
UrpaTb pasnuyHble GYHKLMOHAMbHBIE PO HA PasHbIX 3Tanax ABUMEHWA: MHULMALMK, KOHTPONSA, 3aBEpLUEHMA.
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ABSTRACT

Microelectrode recording (MER) during electrode implantation for deep brain stimulation (DBS) can determine the boundaries
of the subthalamic nucleus (STN), and track neural activity during rest and voluntary movement in Parkinson’s disease (PD)
patients. However, the functional role of STN in motor control remains unclear, despite its effectiveness in stimulation.
Single unit activity of STN was recorded in 16 patients with PD during implantation of deep brain stimulation electrodes.
Electromyograms of forearm muscles and a phonogram featuring verbal commands were simultaneously recorded with
MER. The patients were instructed to perform motor tests involving clenching their hand into a fist. Out of the 560 neurons
studied, 93 (16.6%) responded to motor tasks. The registered neurons were classified into three patterns using the hierarchical
clustering method of histograms of interspike interval density — namely, tonic, burst, and pause patterns.

Sensitive neurons were classified according to their responses, with activation (76.9%) and inhibition (23.1%) being the two
identified types. In 90% of cases, neuron activation preceded movement. Of the responses, 53.8% were classified as tonic
and 46.2% as phasic. Two thirds of inhibitory responses were advanced, occurring 0.2-0.3 seconds before movement onset.
One third of neurons were activated after movement initiation with a delay of 0.05-0.2 seconds. 83.3% of the inhibitory
neurons responded tonically, while the remaining 16.7% responded phasically. Notably, all phasic reactions occurred before
the onset of movement.

A comparison of the parameters of sensitive and non-sensitive neurons revealed several differences. The findings suggest
a potential physiological distinction between the two neuron types. All three patterns of activity were present in both types
of neurons, but sensitive neurons exhibited a wider representation of pause neurons (57.9% vs. 49.5%). Additionally, burst and
pause neurons responded to movements that featured significantly lower variance of multiple activity parameters, such as firing
rate, burst index, mean burst length, and oscillation scores in the 8-12 and 12-20 Hz range. The distribution of sensitive neurons
along the electrode trajectory through the subthalamic nucleus was analyzed. Sensitive neurons were located significantly more
dorsally compared to non-sensitive neurons, and no sensitive pause cells were observed in the ventral half of the STN.

Based on our findings, it is presumed that the pause pattern plays a critical role in both motor control and its related
disorders in Parkinson’s disease. A diverse range of neuronal responses suggests a high degree of heterogeneity among
STN neurons implicated in motor control. The presence of both delayed and advanced neural responses suggests that STN
involvement in motor control encompasses both the preparation and initiation of movement, as well as the regulation
of ongoing movements via afferent feedback. The range of neural responses aligns with the dynamic model of basal ganglia,
which suggests that STN can perform distinct functional roles during different stages of movement, including initiation,
control, and completion.
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