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lMpeHaTanbHbI CTPECC BbI3Basl MOBLILWEHWE YPOBHA KOPTUKOCTEPOHA W ycuneHve ©GoneBoro oTBeTa B
dopmanvMHoBOM TecTe, a npeHaTanbHOe BBEAEHWE WCCNEeAOBaHHbIX HaMW MpenapaTtoB MpeHaTanbHO
CTPECCUPOBAHHbLIM  KpbiCaM BbI3BaNO CHMXEHWE YPOBHS KOPTMKOCTEpPOHA WU ocnabneHve AByxdasHoro
npoaomKuTensHOro 60neBoro 0TBeTa, B XapakTepucTukax KOToporo (ocTpas M ToHu4eckas dasbl, CNUHANbHbLIA U
cynpacnuHarnbHbIA YPOBEHb) BbISIBIIEHa 3aBMCMMOCTb OT Mosia. Taknum obpas3om, yCTaHOBIEHO, YTO y NpeHaTanbHO
CTPECCUPOBaHHbIX KpbIC, HE MOABEPrHYThIX BOCNanUTenbHon 601 B HOBOPOXKAEHHOM BO3pacTe, BCe NpeHaTarnbHO
BBEOEHHble npenapaTbl BbI3BanuM aHTUHOLMUENTUMBHbIA  3dpdpekT, Torga Kak BocnanutenoHas 6onb
HOBOPOXAEHHbIX HeNTpanu3oBana AericTBNE 3TUX NpenapaTos.
UccnedosaHue 8binonHeHo npu ¢huHaHcosol noddepxke PODU e pamkax npoekma Ne 17-04-00214a.

INFLAMMATORY PAIN OF NEWBORN RATS NEUTRALIZES IN THEM IN THE PREPUBERTAL AGE
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Butkevich Irina P."2, Mikhailenko Viktor A.', Vershinina Elena A.', Shimaraeva Tatyana N.2
I.P. Pavlov Institute of Physiology RAS, Saint Petersburg, Russia; 2Saint Petersburg State Pediatric Medical
University, Russia; irinabutkevich@yandex.ru

The aim of the work was to study the effect of inflammatory pain in newborn prenatally stressed rats on the
effect of drugs (fluoxetine, buspirone and their combination) to which their depressive mothers were subjected
during pregnancy in order to correct the adaptive behavior of the offspring in the prepubertal period of
development. Wistar dam rats from days 9 to 20 of gestation were subjected to intraperitoneal administration of a
combination of serotonin reuptake inhibitor fluoxetine (10 mg / kg) and agonist of 5-HT1A receptor buspirone (3.5
mg/kg), and each drug alone, and from the 15th to the 21st day immobilization stress (control animals: saline and
stress, only stress). Newborn offspring of both sexes on the first and the second day after birth was subjected to
peripheral inflammatory pain (subcutaneous injection of formalin into the sole of the hind limb). From 25 days of
age in rats of both sexes, the pain response in the formalin test was investigated. To confirm the effect of the
drugs, on a separate group of rats with similar prenatal effects, the basal level of corticosterone in the blood plasma
and the reactivity of the hypothalamic-pituitary-adrenal system in response to forced swimming were examined. It
was found that inflammatory pain in newborn rats that were not exposed to any effects in the prenatal period
caused an increase in pain response organized at the spinal level in both phases of the formalin test in 25-day
offspring. In prenatally non-stressed rats, prenatal administration of the drugs failed to alter the pain sensitivity.
Prenatal stress caused an increase in the level of corticosterone and strengthening the pain response in the
formalin test, and the prenatal administration of the drugs studied by us to prenatally stressed rats caused a
decrease in the level of corticosterone and attenuation of the biphasic prolonged pain response, the characteristics
of which (acute and tonic phases, spinal and supraspinal levels) revealed sex dimorphism. Thus, it was established
that in prenatally stressed rats not subjected to inflammatory pain in the newborn age, all prenatal drugs caused an
antinociceptive effect, whereas inflammatory pain in newborn rats neutralized the effect of these drugs.

The study was carried out with the financial support of the Russian Foundation for Basic Research in the
framework of project No. 17-04-00214a.
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N3ydyeHne ponu 3epkanbHbIX HEWPOHOB B KOTHUTMBHBLIX MpoLEccax SBMSETCS akTyanbHoOW npobnemon
coBpeMeHHoW ncuxodusnonornn. Liensto HacToswero nccnegoBaHus SBUNOCL U3ydeHUe akTUBHOCTU 3epKarbHbIX
HEWPOHOB y YerioBeka Npu HabMoOeHUM U BOCMPUSTUM KOPOTKUX WMHTEpPBarioB BPEMEHWM B 3aBMCUMOCTM OT
narepanbHOW opraHusaumm mosra. B uccnegoBaHusx ydactsoBanu 4o6poBosbLbl, HOHOWM B Bo3pacte 18-27 ner.
B xome npeaBapuTenbHoro obcrnegoBaHMs MccnegoBanu OCODEHHOCTM naTeparnbHOM OopraHMsauum mosra c
onpefeneHnem Befyllen pykn (MeToooM aHKeTUPOBaHUSA) U peyeBOro nonywapusa (guxotudeckun TecT). [Mpu
HabnogeHUN 3a BOCNPUATUEM BPEMEHN, MPU PENPOSYKLMN PUTMA U OTMEPUBAHUN KOPOTKUX MHTEPBANoOB BPEMEHM
pernctpmpoBanm 33l B NOGHbIX, LEHTPanbHbIX, BACOYHbIX, TEMEHHbIX M 3aTbINIOYHbIX OTBEAEHUsIX No cucteme 10-

%.

C uenbio NpPOCTPaHCTBEHHOW JoKanusaumMyM 3epkasibHblX HEWPOHOB B YacTuM OMbITOB B TMOKOE, Mpu
HabnIOOEHUN U BOCNPUATAM BPEMEHU UCCIELOBaNM aKTMBHOCTb MO3ra C MOMOLLBI (OYHKLUMOHANBHOM MarHUTHO-
pe3oHaHcHou Tomorpaduun (hMPT). B kavectBe 33 -mMapkepoB akTMBaLMn 3epKarnbHbIX HEMPOHOB UCMOMb30Banu
Jenpeccuio Mo-puTMa U KOpKOBble B3aMMOOENCTBUS Ha YacToTe 3TOro pUTMa Mexay LieHTpanbHbIMU U OPpYruMin
30Hamu Kopbl. [lpu cTaTuctudeckon ob6pabotke JIM-gaHHbIX wmcnonb3oBanu nakeT "MatLab  v6.5",
KOppPensLuMOHHO-CNEKTpanbHbIN aHanua, HenapameTpuyecknini AUCNEPCUOHHBIA aHanu3 U Kputepuin BunkokcoHa
Ons cBssaHHbIX Bblbopok. ObpaboTka pMPT-gaHHbIX NpoBoAMnack ¢ noMollbio naketa SPM8. B pamkax kaxagom
u3 napagurm ObinM NpPOBEeAEHbl MOMapHble CpPaBHEHWSI Ha OCHOBE CTaTUCTUKM CTblogeHTa U MNoMyYeHbl
WHOVBMAYaNbHbIE U FPYMNOBbIE CTaTUCTUYECKNE KapThl C YpoBHEM 3HavmmocTn p<0.001.

YCTaHOBNEHO, YTO HabngeHne W BLINOMHEHWE LEATENbHOCTW, CBSI3aHHOW C BOCMPUSITUEM BpEMEHMU,
conpoBoxaaeTtcsa aenpeccuen mo-putMma A3 1, Yalle Bcero, ycurneHmeM YpOBHEWN KOPKOBbIX CBA3EW Ha YacToTe
3TOro putma. Xapakrtep 3TUX U3MEHEHU 3aBUCUT OT YacToTbl MIO-pUTMA, NnaTepanbHOM opraHu3auum mosra, oT
aTana u BuAa BbINOMHAEMOW AesTenbHocTu. [loka3aHo, 4TO npu HabnwaeHun 3a BOCMPUSATMEM BpPEMEHU
aKTUBMPYKOTCS 30HbI NPEMOTOPHOW, MOTOPHOW, CEHCOMOTOPHOW W AOMNONHUTENBHOW MOTOPHOW KOpbl, 0bnactu
CKOpIynbl, XBOCTATOro fApa, cynpamMapruHanbHOM M3BUMNUHbI U BUCOYHbIE OTAENbI MO3ra, KOTOpble, BEPOSATHO,
OTHOCSATCA K CUCTEME 3epKalbHbIX HEWpOHOB, a MpU BOCMPUSTUM BpPEMEHM aKTMBUPYIOTCS obnactn MosiCHOM
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M3BUNWHbLI, NEBOrO Taramyca, BWCOYHble OTAENbl MO3ra, 3puTenbHas kopa, obracTu npeaknuMHbss u obnactu
MO3euyKa, KoTopble, NO-BMAMMOMY, OTHOCATCS K CUCTEME OTCYETA BPEMEHN.
Hacmosuwee uccnedosaHue noddepxaHo epaHmom PODU Ne 18-013-00758.
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Study of the role of mirror neurons in cognitive processes is an actual problem of modern psychophysiology.
The purpose of this study was to study the activity of the mirror neurons in humans in the observation and
perception of short time intervals depending on the lateral organization of the brain. The research involved
volunteers, young men aged 18-27 years. During the preliminary survey, the features of the lateral organization of
the brain with the definition of the leading arm (questionnaire method) and the speech hemisphere (dichotic test)
were investigated. When observing the perception of time and during the reproduction of rhythm and measuring
short time intervals, EEG was recorded in the frontal, central, temporal, parietal and occipital leads using the 10-
20% system.

With aim the spatial localization of the mirror neurons in part of the experiments at rest, with the observation
and perception of time, brain activity was investigated using functional magnetic resonance imaging (fMRI).
Depression of the mu rhythm and cortical interactions at the frequency of this rhythm between the central and other
areas of the cortex were used as EEG markers of activation of mirror neurons. In the statistical processing of EEG
data, the MatLab v6.5 package, correlation and spectral analysis, nonparametric analysis of variance, and the
Wilcoxon criterion for related samples were used. The fMRI data processing was performed using the SPM8
package. Within each of the paradigms, pair-wise comparisons were made on the basis of Student’s statistics, and
individual and group statistical maps were obtained with a significance level of p <0.001.

It has been established that the supervision and execution of activities related to the perception of time,
accompanied by depression mu wave EEG and, often, increased levels of cortical connections in the frequency of
the rhythm. The nature of these changes depends on the frequency of the mu rhythm, the lateral organization of
the brain, the stage and the type of activity performed. It has been shown that when observing the perception of
time, the zones of the premotor, main motor, supplementary motor area, putamen region, caudate nucleus,
supramarginous gyrus and temporal brain regions are activated, which probably belong to the system of mirror
neurons; and with the perception of time, the region of the cingulate gyrus, the left talamus, the temporal regions of
the brain, the visual cortex, the precuneus zone and the cerebellum, which appear to belong to the time reference
system, are activated.

This study was supported by the RFBR grant No. 18-013-00758.
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BonesHb Anburenmepa (BA) siBnsetca Havbornee pacnpocTpaHEHHOM dopmMon crnaboymus n BegyLien
NPUYYHON Pa3BUTUSA OEMEHLUN, COMNPOBOXAAIOLLENCH MPOrpecCUpyoLLMMN KOTHUTUBHBIMU HapyLLEHNSIMUW, KOTOpble
AenatoT YernoBeka He4eeCcnoCoOHbIM U MOSIHOCTLIO 3aBUCALLMM OT OKPYXKatoLLUX.

WccnepoBatensamu [okasaHO, 4TO [AEMpecCUMBHbIE COCTOSIHWUSI, KOTOPbl€ BO3HMKAKOT B MOXWIOM U
CTapyeckoMm BO3pacTe, He TONbKO CWUMbHO BMWSKOT Ha KayeCTBO XW3HU npeAcTaBuTenen AaHHbIX BO3PacTHbIX
KaTeropum, HO 1 YTSDKENSIOT NpoTekaHue yxe MMelowmuxcsa 3aboneBaHuin, a Takke SIBNSIOTCS Bedyllen NpuyMHon
MOBbILLUEHHOrO puCKa CMepTHOCTM. B cBsIs3n ¢ 3Tum, npocnexvBaeTca ocobblii MHTepec wuccrnegoBaTenen K
U3y4eHUI0 BOMpoca BO3HUKHOBEHWS U MpoTeKkaHus genpeccun y nauueHToB, cTpagawowmx BA. AkTyanbHOCTb
N3y4yeHns JaHHOro BOMpoca Takke obycroBneHa u 1em, 4to y 32% nauueHToB ¢ avarHo3om BA Habnopaetcs
passutue genpeccun. flenpeccmBHble pacCTPOMCTBA BCTPEYAOTCA Ha pasHbIX 3Tanax passutua BA 1 npu pasHbix
KMMHUYECKUX TUnax TeyeHus 3aboneBaHus, Npu 3TOM MMeeTcs psg paboT, CBUOETENbCTBYIOWNX O TOM, YTO Y
DonbHbIX npeceHunbHbIM TUNom BA, genpeccus valle BO3HMKaeT Ha CTaguv yMEpPEHHOW JdeMeHuuun, a B
CTapyeckoM BapmaHTe — Ha cTagun MSArkon AeMeHunu.

PesynbTaTbl HedaBHUX WCCNEQOBaHU Mnokasanu, 4To y nogen ¢ BA BO3MOXHO pasBuTMe OAHOro K3
nepeyYmcrneHHbIX BapuaHToB AeMNpPecCuii: TPEBOXHag, anaTtudeckasi, MnoxXoHApuyeckas, TOCKNMBas unu genpeccus
¢ 6pegom. lpu Gonee peTanbHOM aHanuM3e MPUYMH, KOTOPbIE MOTYT CTaTb MpedWwecTBEeHHUKaMu pasBuUTuS
OEeNpPecCcuBHbIX COCTOsIHMIA npu BA, Obino BbisiBNeHO 3 OCHOBHbIX BapuaHTa: 1. genpeccun, obycnoBneHHble
NPeEMMyLLECTBEHHO PEaKTUBHO-CUTYaALMOHHBIMU MEXaHn3MaMu; 2. Aenpeccun, BO3HUKaLWMe CMNOHTaHHO, T.€. BHe
CBSI3M C NCMXOTPaBMUPYOLWLMMUN hbakTopamu; 3. MPOMEXYTOYHbIE MeXAY 3TUMU OBYMSA BapuaHTaMun AenpeccuBHbIe
paccTponcTsa (y AaHHOro TUuna NnaumeHToB NPOCNEXNBAETCS OTHETNINBO BblpaXeHHbIN adheKT TOCKN Unn Tpesoru
W NepBUYHOE YYBCTBO BUHbI).

B nocnegHue rogbl npeanpvHUManicb NOMbITKM OonpefeneHns TPaBMUPYIOLIMX COObITUIA, KOTOpble MOryT
BbICTynaTb Tpurrepamu passBuTuS Jdenpeccun y nauueHtoB ¢ BA. Yawe Bcero ato — yTtpata OGnuskux
POACTBEHHMKOB, MepexuBaHue COBCTBEHHOW HECOCTOSATENBHOCTM B NPOGECCUMOHANbHOW OEATENbHOCTU UIK
NOBCEOHEBHOW XXM3HU, 3HAYUTENBHO PEXe — KOHMNUKTHaa cutyaums B coumanbHOM OKPYXeHUK, noTeps paboTol,
yTpaTa 340pOBbs 1 rocnmTanusauuns B ctaumMoHap.
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