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BpeMenHaa auHaMuKa apeKTa 3epKanbHbIX HEUPOHOB  Guile
U ero Moaynauua npu ctumynauuu: TMC-uccneposanue

K. Heeto-[oBanb*, A.A. Parumosa, M. Oeyppa

HaumoHanbHbIl nccnefoBaTeNbCKUM YHUBEPCUTET «Bbiclan LWwKona aKoHOMUKK», MockBa, Poccuiickan Oepepauns

AHHOTALMA

N3yueHne 3epKanbHbix HevipoHoB (3H) npowwuno fonrui nyTh € Tex NOp, KaK Ha4yanucb uccnegoBaHua Ha nioaax. OgHa-
KO OTHOCWUTENIbHO WCMOMb30BaHMA TPAHCKPaHWUaNbHOM MarHUTHOM ctumynauum (TMC) B nuTepaType MMeITCA HecooT-
BETCTBMA B OTHOLUEHUM TOTO, KaK NpeabABNIAETCA CTUMYA, KaK JONTO NPeabABAAETCA CTUMYN U BPEMA MPOXOHAEHMA
umnynscos TMC.

Mbl M3yunnmn pasnuuHble TWMbl NpeSbABNEHUA CTUMYNOB (KApTUHKM U BMOE03anuCK [BWKeHUW pyK). C 3Tol uenbio
Mbl MPUMEHUAM opHoMMNYbCHY TMC K DOMUHMpYIOLLEN NePBMYHOM MOTOPHOM Kope rofioBHOro Mo3ra (M1) B pasHble
nepuogpl Bpemenu (0, 320, 640 mc). MoTopHble Bbi3BaHHbIe noTeHuuansl (MBI1) pernctpypoBanu ¢ NOMOLLbIO aAre3nBHbIX
anekTpoaoB B Mblwax FDI (ykasaTenbHbid naneu) u ADM (MusuHew) y 29 300pOBbIX MUCTIBITYEMBIX. PYKU MCMBITYEMbIX
pacronaranucb nog npAMbIM YIoM, U BU3yanbHble CTUMYMbI Habnloganuch B TPEX Pas3fMyHbIX YCNOBUAX NpeSbABNEHUA.
Ha npoTsrKeHUM Bcero sKcnepuMeHTa Ucrnonb3oBanack poboTusmpoBaHHan pyka Axiom Cabot 1 cucteMa HaBuraumoHHoM
CTUMYNALMKM, obecneymnBaloLLme TOUHOE NepeMeLLeHmre KaTywky TMC B cOOTBETCTBUM C YCIOBUAMM SKCMEPUMEHTA.

LUenb uccnepoBanua. BoiAcHeHve feTanen npefbABNEeHUA CTUMYNA M BPEMEHHBIX PaMOK CTUMYNALMKM ANA CO3[aHUA
ONTUMarbHBIX HACTPOEK. 34echb Mbl OMMCHIBAEM [1Ba Hambosiee pacnpocTpaHéHHbIX cnocoba npefcTaBneHua cTuMyna (u3o-
bpaeHune n euaeo) [1-4] n Hambonee YacTo MCMONb3yeMble BpeMeHHble pamMKku anAa TMC 0T MHMUMALMK OBUMHeHWS (co-
CTOAHWE M306paxKeHns 1 BUAEO) [0 CMeLLeHUaA (COCTOAHME Nocie BUAEO) ¢ pasnuyHbIM BpeMeHeM (0, 320, 640 mc) [1, 2,
5], uTo ABNAGTCA HOBLIM MOAX0OM K CTUMYNIALIMM MO OKOHYaHUM CTUMYNA. Mbl BbIMONHUAN TPU OTHOENbHBIX TPEXCTOPOHHMX
noBTopHbIX M3MepeHna ANOVA ¢ ucnonb3oBaHueM TpéX He3aBUCUMbIX GaKTopoB. CobpaHHble B HacToALlee BpeMA OaH-
Hble MOKa3bIBaloT, YTO [Ba COCTOAHWA CTUMYNALMKM C MOMEHTa Havana aBuxeHus (dotorpadma U BULOEO) LEMOHCTPUPYIOT
M3MEHEHUA C TeYeHWEM BpeMeHu, npu 3ToM MBI yBennumsaetca Ha 320 Mc ANA CBA3AHHLIX MbILWL, U UHIMOUpYlOLLMe
3¢ eKTbl AnA HECBA3AHHBIX MbILUL, Ha 640 Mc. Mpu cTUMYNALMKM Nocie OKOHYaHWA OBUMKEHUA (NOCT-BMAEO) 3Ta ABOMHAA
AVCCoLMaLmMA NPUCYTCTBYET BO BCE NMepUofbl CTUMYNALMM, TaK Kak bombluas yacTb 3epKanbHOW peakuuu obycnosneHa
TOPMOEHMEM HECBA3AHHDBIX MbILLL,. 3TO AEMOHCTPUPYET BPEMEHHYIO AMHAMMKY 3epKanbHOro adpdeKTa 1 ero Bo3gencTaue
Ha CBA3aHHbIE W HECBA3AHHbIE MbILLLbI C TEYEHUEM BPEMEHU.

MonyyeHHble [aHHbIe MPOIMBAKOT CBET Ha OTKPbITHIE BOMPOCHI UCCEN0BaHNUA 3epPKalbHbIX HEMPOHOB Y fI0EN U NpefocTaB-
NAKT MHPOPMALMIO 0 BAMAHUM Pa3fIMYHbIX NPegbABNEHUIA CTUMYNOB U BpeMeHW CTUMynALmm ¢ nomolubio TMC. 3ta nndop-
MaLuA No3BOSIAET CO3AaTb ONTUMANbHbIA NPOTOKON ANA U3YUYEHUA CUCTEMbI 3epKalbHbIX HEMPOHOB YeNOBEKa, OCHOBaHHbIN
Ha KOHKPETHBbIX MCCNeoBaTENbCKUX NOTPEBHOCTAX. 3TN pe3ynbTaThl TaKKe MOryT ObITb MCMOMb30BaHbI B KIIMHUYECKUX LENAX
A5 pa3paboTku 6onee 3QdEKTUBHBIX MPOTOKONOB peabunmTaLmMm NaUMEHTOB C ABUraTeslbHbIMM PacCTpONCTBaMM.

KnioueBble cnosa: cucteMa 3epKalibHbIX HEIZPOHOB; TPpaHCKpaHWanbHaA MarHMTHaa CTUMynALMA; nepeM4Han MOTOpPHaA
Kopa; MOTOPHbIe Bbi3BaHHbIe MOTEHLMANbI.
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Temporal dynamics of the mirror neurons effect
and its stimuli dependent modulation: TMS study

C. Nieto Doval*, A. Ragimova, M. Feurra

! National Research University “Higher School of economics”, Moscow, Russian Federation

ABSTRACT

The study of mirror neurons (MN) has made significant progress since human studies commenced. However, when using
transcranial magnetic stimulation (TMS), there are inconsistencies in the literature regarding stimulus presentation, duration
of presentation, and timing of TMS pulses.

The study assessed the effects of stimuli presentations, using both pictures and videos of hand movements. To accomplish
this, single-pulse TMS was applied to the dominant primary motor cortex (M1) during varying time frames (0, 320, 640 ms).
Motor evoked potentials were then recorded from the FDI (index finger) and ADM (little finger) muscles of 29 healthy
participants via adhesive electrodes. Subjects’ hands were positioned perpendicular to each other, and visual stimuli were
presented under three varying conditions. The TMS coil was accurately repositioned using an Axilum Cobot robotic arm and
navigation stimulation system to maintain consistency throughout the experiment.

The aim of this study is to provide a comprehensive analysis of stimulus presentation and stimulation timeframes to achieve
optimal settings. This paper describes the two most commonly used stimulus modalities, namely, picture and video [1-4],
and the frequently employed timeframes for TMS: from movement initiation (picture and video condition) to offset (post-video
condition), with different timings (0, 320, and 640 ms) [1, 2, 5]. Notably, the stimulation at the offset of the movement is a novel
concept in literature. We conducted three distinct three-way repeated measures ANOVAs employing independent variables.
The collected data indicate that the two types of stimulation during the onset of movement, i.e., photograph and video, display
varying changes over time. At 320 ms, MEPs increase for the related muscles while nonrelated muscles exhibit inhibitory effects
at 640 ms. In the condition of stimulation during movement offset (post-video), this double dissociation is present across all
stimulation time frames. Hence, the majority of mirror response can be attributed to inhibition of nonrelated muscles. This study
displays the temporal progression of the mirror effect and its impact on both related and unrelated muscles throughout time.
The obtained data illuminates unresolved inquiries in human mirror neuron research and details the impacts of diverse
stimuli presentations and TMS stimulation durations. With this information, an ideal protocol can be established to examine
the human mirror neuron system tailored to specific research needs. Furthermore, these outcomes can foster the creation
of enhanced rehabilitation protocols for patients with movement disorders in clinical settings.

Keywords: mirror neurons system; transcranial magnetic stimulation; primary motor cortex; motor evoked potentials.

To cite this article:
Nieto Doval C, Ragimova A, Feurra M. Temporal dynamics of the mirror neurons effect and its stimuli dependent modulation: TMS study. Genes & Cells.
2023;18(4):629-632. DOI: https://doi.org/10.17816/9c623383

ADDITIONAL INFORMATION

Funding sources. The research was conducted using the HSE automated system of non-invasive brain stimulation with
the possibility of synchronous registration of brain activity and registration of eye movements, with the financial support of the
Ministry of Science and Higher Education of the Russian Federation, grant No. 075-15-2021-673.

REFERENCES

1. Barchiesi G, Cattaneo L. Early and late motor responses to action observation. Social cognitive and affective neuroscience. 2013;8(6):711-
719. doi: 10.1093/scan/nss049

2. Catmur C, Walsh V, Heyes C. Sensorimotor Learning Configures the Human Mirror System. Current Biology. 2007;17(17):1527-1531.
doi: 10.1016/j.cub.2007.08.006

3. Errante A, Fogassi L. Activation of cerebellum and basal ganglia during the observation and execution of manipulative actions. Scientific
reports. 2020;10(1):12008. doi: 10.1038/s41598-020-68928-w

Received: 15.05.2023 Accepted: 26.11.2023 Published online: 20.01.2024
&
ECOeVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623383
https://doi.org/10.17816/gc623383
https://doi.org/10.1093/scan/nss049
https://doi.org/10.1016/j.cub.2007.08.006
https://doi.org/10.1038/s41598-020-68928-w

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells

4. Taschereau-Dumouchel V, Hétu S, Michon PE, et al. BDNF Val66Met polymorphism influences visuomotor associative learning and
the sensitivity to action observation. Scientific reports. 2016;6:34907. doi: 10.1038/srep34907

5. Catmur C, Walsh V, Heyes C. Associative sequence learning: the role of experience in the development of imitation and the mirror system.
Philosophical Transactions of the Royal Society B: Biological Sciences. 2009;364(1528):2369—-2380. doi: 10.1098/rstbh.2009.0048

AUTHORS’ CONTACT INFO

* C. Nieto Doval; address: 20 Myasnitskaya street, 101000 Moscow, Russian Federation; e-mail: carlosnietodoval@gmail.com

/‘
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

632


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1038/srep34907
https://doi.org/10.1098/rstb.2009.0048
mailto:carlosnietodoval@gmail.com

