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AnHoTanus. AKmyanbHOCMb. ATNIOKCaH, paspyiias B-KIeTK! ITOfyKeTyJ0uHOH >KeJle3bl, IPOBOLIMPYeT IUIePITIMKEMUIO, UTO
CTaHOBHWTCS IPUUMHOM THTIO3HEPreTHYeCKoro COCTOsHUSL. B matoreHese jrabeTa BaXKHYEO POJIb UTPaeT AUCHYHKLIS MUTOXOHIPUATBHON
CyKUMHaterngporeHasa. @apMakoTepariuisi caxapHoro uabera ObUia ¥ 0CTaeTCsi peMeTOM MHOTOUMC/IEHHBIX UCC/Ie0BaHHH.
B nocsiesHee BpeMsi BHUMaHHe UCC/IefioBaTesield BCe yallle TIPUB/IeKaeT TOPMOH IIUIITKOBHTHOM KeJie3bl — MeJIaTOHWH, Orarofapsi
CBOWM OHOIOTIYECKUM 1 (hapMaKOIOTHYeCKUM CBOMCTBaM. Lle/blo uccaedoeaHust IBSIOCH W3ydeHue BIIUSTHUSI MeJIaTOHMHA Ha aK-
THBHOCTB CYKLJMHAaT/|eru/[poreHasbl KaK HOBOW MUILIEHU MPH SKCTIePUMEHTAbHOM a/l/IOKCaH-UHYLIMPOBaHHOM CaXxapHOM Jxabere.
Mamepuanbt u MemoOs!. ViccnenoBanvst IPOBOAMIN Ha caMLjax KpbIC TMHUM Wistar Maccoit 120—150 1, KoTopble cofiep>Kavch
Ha CTaHJApTHOM /ivieTe. JKUBOTHBIE ObUIH pa3ziesieHb! Ha 4 rpyriibl. KoHTpossHOM rpyrire BBOAWIN (GU3HONMOTHUeCKH PaCTBOP, BTOPOH
TpyTIIe BBOAW/IN MeJIaTOHUH B Z03e 1 MI/KT e)KeJHEeBHO B TeueHHe 14 1Hel, SKCriepUMeHTabHBIN AHabeT y )KMBOTHBIX MOJIE/TUPOBA/IA
BHYTPHOPIOILMHHBIM BBeZIeHHeM aJUIoKcaHa B jo3e 150 Mr/kr ayuabetom. UeTBepTasi rpyTina JKUBOTHBIX TIO/Tydaia MelaTOHHH Ha (hoHe
ayokcaHa. AKTUBHOCTB CyKLMHAT/[erHporeHasbl Onpee/siyid B TKAHSIX [TeUeHH U TTOfKeTyi0UHOH Kere3bl (POTOMeTpHUIeCKUM
MeToz0M. [I71st TpoBe/ieHus JOKMHT-aHa/IM3a UCII0/Ib30Ba/ICh MakeTw! mporpamMm AutoDock Vina u AutoDock Tools. Pe3yibmambt
u obcyscoeue. CoracHO TOMyUeHHBIM pe3y/IbTaTaM TI07| BAUSHHEM a/l/ioKcaHa B akthBHOCTH C/II meueH! 1 MOpKeTyJOUHOH >Kerese
BO3HUKAIOT PeLUNIPOKHBIe OTHOLIeHUs. AJIIOKCaH BbI3bIBaeT yBenuueHre akTUBHOCTY C/II' B meueHu B 1,9 pasa, a B TKaHU MOIpKe-
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Jy[0YHOM KeJle3b! Hab/TEOZIaeTCst IOCTOBEPHOE CHIDKeHME B 5 pa3. VICIons30BaHue Jke MeJIaTOHHHA 17151 )KUBOTHBIX C a//TOKCAHOBBIM
[nabeToM TPUBeJIO K CHIPKEHHIO aKTUBHOCTY CyKLIMHATJerniporeHassl B ITIeUeHH B TI0/ITOpA Pa3a B CPaBHEHUH C TT0Ka3aTessiMUu
KPBIC C /UIOKCAaHOBLIM JjabeToM. B rofpkesTyiouHoi sKeste3e, HA000POT, aKTHBHOCTE (hepMeHTa MOBBIIA/ACh B 3,3 pasa, UTo MOKET
YKa3bIBaTh Ha BOCCTAHOB/IeHVe (OyHKIMH [3-K/1eToK JlaHrepraHca. Bbigodb!. MesaToHuH, O/I0KHpYs JoOMeH A CyKIMHATAerHIporeHassl,
CHWKAeT TUIepaKTUBHOCTL (hepMeHTa B ITeYeHH, a B TOJpKeTyJ04HOH >Keme3e uepe3 CBOM crieliduyeckue perernrrops! (MP1 u MP2),
TIPUCYTCTBYFOLLIME Ha TIOBEPXHOCTH MeMOpaH [3- U 0-KJTETOK, OKa3bIBaeT MPSIMOE BMELLATe/TbCTBO B (DYHKLUFO K/IETOUHBIX 3/IEMEHTOB
OCTPOBKOB JlaHrepraHca, BOCCTaHAB/IMBAs UX.
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HNudopmanys o puHaHCHpPOBaHUM. ABTODHI 3asB/ISIOT 00 OTCYTCTBUY BHEIIHETr0 (MHAHCHPOBAHMUSL.

Bkap aBTopoB. Dib6ekbsH K.C., ITepByumH FO.B. — KoHLenTvs v qu3aiiH ucciiefoBanvsi; YHausH JI1.C., Mapkaposa E.B. — cbop
1 06paboTka Matepuanos; InboekbsH K.C., Yaausu JI.C., ITepsymz FO.B., Mapkapoga E.B., [Iuckaepa E.U., bumpkueBa ®.A. —
aHa/M3 Moy4YeHHbIX JaHHbIX, HAallMCaHUe TeKCTa. Bce aBTOPBI BHeC/IU CyIlleCTBEHHBIM BK/IaZ, B TIOJTOTOBKY CTaTbU, MPOYIU
1 o100puy GUHANTBEHYIO BEPCHUIO Tiepe]] MyOIuKaLeit.

Wudopmanys o KOHGINKTe HHTePecoB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUY KOH(/IMKTA UHTEPECOB.

ITHueckoe yrBepkeHue. PaboTa C )KMBOTHBIMU OCYIL|eCTB/Is/IACH B COOTBETCTBUH C TIOJIOXKEHUSIMH X e/TbCHHKCKOM J1eK/apariui
0 TYMaHHOM OTHOLIIEHHH K JTab0PaTOPHBIM XXUBOTHBIM (1964—2013).

BJiarogapHoCTH — HEMIPUMEHUMO.
HNudopMupoBaHHoe coryiacie Ha MyOJINKaLUI0 — HEPUMEHHMO.

INoctynuna 26.04.2022. TIpunsra 07.09.2022.

Jis urupoBanus: JaboexbaH K.C., Mapkapoea E.B., YuansauJ1.C., [Juckaesa E.H., ITepeywiun FO.B., Budxcuesa @.A. CyKLpHar-
[JIeruporeHasa Kak HOBasi MUIIIEHb [1J1sl CBA3bIBAHKS MEJIATOHMHA B KOMITIEKCHOM JIEUEHHUH CaxapHOro /quabeta // BectHrk Poccuiickoro

yHHUBepcuTeTa Apy»O0bl HapozoB. Cepusi: MeauimHa. 2022. T. 26. Ne 3. C. 221—231. doi: 10.22363/2313-0245-2022-26-3-221-231

Succinate dehydrogenase as a new target for melatonin binding
in the complex diabetes mellitus treatment

Karine S. Elbekyan’ @, Evgenia V. Markarova', Lernik S. Unanyan® —,

ElenaI. Diskaeva! ', Yurii V. Pervushin!, Fatima A. Bidzhieva'

!Stavropol State Medical University, Stavropol, Russian Federation
“Russian-Armenian University, Institute of Biomedicine and Pharmacy,
Laboratory of Structural Bioinformatics, Yerevan, Armenia
P karinasgma@inbox.ru

Abstract. Relevance. Alloxan, destroying the beta cells of the pancreas, provokes hyperglycemia, which causes a hypoenergetic
state. Mitochondrial succinate dehydrogenase dysfunction plays an important role in the pathogenesis of diabetes. Pharmacotherapy of
diabetes mellitus has been and remains the subject of numerous studies. Recently, the attention of researchers is increasingly attracted
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by the hormone of the pineal gland — melatonin, due to its biological and pharmacological properties. The aim of the study was to
study the effect of melatonin on the activity of succinate dehydrogenase as a new target in experimental alloxan-induced diabetes
mellitus. Materials and methods. The studies were carried out on male Wistar rats, with an average mass of 120—150 g, which were
kept on a standard diet. The animals were divided into 4 groups. The control group was injected with saline solution, the second group
was injected with melatonin at a dose of 1 mg/kg daily for 14 days, experimental diabetes in animals was simulated by intraperitoneal
administration of alloxan at a dose of 150 mg/kg with diabetes. The fourth group of animals received melatonin on the background
of alloxan. Succinate dehydrogenase activity was determined in liver and pancreatic tissues by photometric method. For the docking
analysis, the AutoDock Vina and AutoDock Tools software packages were used. Results and Discussion. According to the results
obtained, reciprocal relationships arise under the influence of alloxan in the activity of SDH in the liver and pancreas. Alloxan causes
an increase in the activity of SDH in the liver by 1.9 times, and in the pancreatic tissue there is a significant decrease —by 5 times. The
use of melatonin for animals with alloxan diabetes led to a decrease in the activity of succinate dehydrogenase in the liver by one and
a half times in comparison with the indicators of rats with alloxan diabetes. In the pancreas, on the contrary, the activity of the enzyme
increased by 3.3 times, which may indicate the restoration of the function of Langerhans beta cells. Conclusion. Melatonin blocking
succinate dehydrogenase domain A reduces the hyperactivity of the enzyme in the liver, and in the pancreas through its specific receptors
(MR1 and MR2) present on the surface of the membranes of 3- and a-cells directly interferes with the function of the cellular elements
of the islets of Langerhans, restoring them.
Keywords: diabetes, melatonin, succinate dehydrogenase (SDH), molecular docking.
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BeepeHue

CaxapHblii 1uabeT Mpo/j0/KaeT 0CTaBaThCs aKTy-
a7TbHOM TTPO0O/IEMOM COBPEMEHHOTO 3/JpaBOOXPAHEHUSI.
B CBsI31 C IIMPOKUM pacnpoCcTpaHeHWeM 3a001eBaHuUs
3a Moc/ieJHIe HeCKOIBKO JleCATUIeTU HeobX0oqumo
TIPYHUMAaTh Mephbl, HarlpaB/ieHHbIE Ha pellieHre TeX aM-
¢ubouecKrx myTeid, KOTOpPbIe BO3HUKAIOT Ha MeTabo-
nueckux repekpectkax [1]. CornacHo uTepaTypHbiM
JJAHHBIM Ha CETOJHSAIIHUN [leHb U3yueHue caxapHoro

PHYSIOLOGY OF STRESS INFLUENCES

JuabeTta BeieTCs 10 Pa3/IMuHbIM HarlpaB/IeHUsIM, OfHUM
13 KOTOPBIX SIBJISIeTCS M3yueHre 00pa30BaHusI aKTHBHBIX
dhopwm kucnopoga [1—4].

Ha ceropHs1IHMi leHb HAKOM/IEHO JOCTaTOYHOe
KOJIMYeCTBO SKCIIEPUMEHTATbHBIX U KITMHUUECKUX [JaH-
HBIX, [10JUePKUBAOLMX TaK)Ke TeCHYIO CBsI3b MeXy
SHepreTUUeCKUMU ¥ 0OMeHHBIMH HapyIlIeHusMu [5].
B cBete 3THX CyX[jeHU U3yUyeHre MUTOXOH/IpHUa/IbHBIX
(epmeHTOB Urpaet 0cobyto posb. [is OLjeHKU BKIaza
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C/IBUTOB B SHEpreTUueCcKoM oOMeHe, TIPU OTIMCAaHUHU
xXapakTepa MpoTeKaHusi 6osie3HH, OblIa IpOBeieHa
OLleHKa T0Ka3aTe/ieil akTUBHOCTU CYKLIMHAT[eruzpo-
reHassl (CI') B meueHn 1 MoJpKeyl0UHOM Kese3e.

CAT siBnsieTcsi yHUKa/ibHBIM pepmeHTOM. C 0Ofi-
HOM CTOPOHBI, IPUHKMAas yuyacThe B LIUK/e TPUKap-
OOHOBBIX KHCJIOT, B X0O7le KOTOPOU OCYIL[eCTB/SeTCs
TIpSIMOM TIepeHOC BOAopoa ¢ cybcrpara Ha (iia-
BorpoTeuH 0e3 yuactuss HAJI, ¢ 1pyroii CTOpOHBI,
(hepMeHT J10Ka/IM30BaH Ha BHYTPEHHE! MOBEPXHOCTH
BHYTpPeHHel MeMOpaHbl MUTOXOH/PHH, Tle y4acTBYeT
B [lepe/iaue BOCCTAHOB/IEHHbIX 9KBHUBA/JIEHTOB [ibIXa-
TebHOM 11enu Ha ypoBHe yOuxuHoHa [6]. OpHako
B COBPEMEHHOM JIUTepaType UMeeTCsl OrpaHUUeHHOe
KOIM4eCTBO paboT, M3yyarolux CABUTH B aKTHUB-
Hoctu CAI' c u3mMeHeHHeM OMO3HEPTreTUKH K/IeTKH
rpu caxapHom auabete. C Apyroil CTOpPOHBI, pariy-
OHasTbHas hapMaKoTepanus caxapHoro AuabeTa Obiia
Y 0CTaeTcs NpeiIMETOM MHOTOUMC/IeHHBIX HayYHbIX
Y KJIMHAYEeCKUX UccaeoBaHuid. [1o MHeHMIO psifia aB-
TOPOB, Harbosiee TIePCIIEKTUBHBIM IO OHO/IOrYe CKUM
1 (hapMaKoIOrHyeCKUM CBONCTBaM SIB/ISIETCS TOPMOH
LIMILIKOBU/IHOM >KeJsie3bl — MeIaTOHHWH. Bo3Mo)KHO,
3TO 00BSICHSAETCS, C OIHOM CTOPOHBI, CITOCOOHOCTHIO
rOpMOHa pery/iupoBaTh QyHKLIMM MHOTUX OPTraHOB
Y CUCTeM OpraHu3Ma, a C pyroil — mposiBIeHUeM
yHUBepCaabHbIX TepaneBTHYeCKUX CBOMCTB CaMUM
MeslaTOHMHOM. Cyll[eCTBYIOLMe B TUTepaType 3KC-
NepyUMeHTasIbHbIe /JaHHble CBU/IeTeTbCTBYIOT O TOM,
YTO MeJIaTOHUH CIIOCOOeH yCIelHO HHAKTUBUPOBATh
cBoOO/IHBIE pPaZMKaJIbl KUC/IOPOAA, a30Ta, OTPAHUYU-
BaTh MPOL[eCChI TEPEKWCHOTO OKUC/IEeHUS JIUITUZ0B
Y HOpPMa/IM30BaTh OKUC/IUTEIbHO-BOCCTaHOBUTEIbHOE
COCTOSIHHE KJIETKH TIpY caxapHoM guabete [7, 8]. EcTb
OTPOMHO€ KOJTUUeCTBO paboT, MoATBePKAAIOLIHX, UTO
MeJIaTOHUH CIT0COOeH MOBBICUTb aHTUOKCUAAHTHBIN
CTaTyC OpraHu3mMa B 1iejioM, 00/1a/jasi afjarnToreHHbIM,
MMMYHOMOZY/IATOPHbIM [8] 1 Apyrumu s¢¢dexkTamu.

CerofjHsl B K/IMHUYECKOM MTPaKTHKe MeJIaTOHUH
He TIPUMeHsIeTCs B JIedeHrH caxapHoro auabera. Of-
HaKo, U3 BbILIIe U3/10)KEHHOT0, BbIT€KaeT aKTyaJbHOCTb
WCC/Ie[JOBaHMST BO3MO)XHOCTH NPUMEHEHHs] MeJIaTOHUHA
B KaueCTBe HOBOT'O TepareBTUYeCKOro HarpaB/ieHUs!
TIpY JIeYeHus caxapHoro guabeTa.
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I.[em: AAHHOTO0 MCC/IefO0BAHUA 3dK/II0Ua/1dCh
B M3y4Ye€HHH BJ/IMAHKUSA Me/IdTOHMHA Ha dKTUBHOCTb
CYKOUHaTAEerngporeHa3bl KakK HOBOM MUIIIEHU npu
3KCIIepuMeHTa/IbHOM a/IJIOKCaH-MHAYIIMPOBAHHOM
CdXdpHOM ,E[I/Ia6eTe.

MaTepMan bl ® METOADbI

WccnenoBaHusi MPOBOUIIN Ha CaMLjaX KPbIC JIMHUU
Bucrap ¢ maccoit Tesia 120—150 1, kKoTOpBIe Haxo-
JUUCh Ha CTaHAAPTHOM /iveTe B YC/IOBUSIX BUBApUsI
LleHTpa 3KCrepuMeHTaIbHOTO MOZeIMPOBaHUS HAYYHO-
WHHOBAIMOHHOTO 00berHeHNs1 CTaBPOIO/IbCKOTO TOCY-
JApPCTBEHHOT0 MeIMLIMHCKOT0 yHHBepcuTeTa. Vsyuanu
yeThIpe TPYIIbI )KUBOTHBIX B KaXKJ0M 110 10 ocobeit
(camupr maccort 150—160 r). Bce skcrieprMeHThI
BBITIO/THEHBI B COOTBETCTBUU C JKeHeBCKOU KOHBEH-
1uu “International Guiding Principals for Biomedical
Involving Animals” (Geneva, 1990), a Takxe XeJb-
CUHCKOM JleKsiapaiiueli BcemupHoi MenuiinHcKou
Accouuaiu o ryMaHHOM OTHOIIIEHUU uejloBeKa
K >KUBOTHBIM (pezakuus 2000 r.) [8]. UccnenoBanus
0700peHbI 3THYECKUM KOMUTETOM CTaBpOTOIbCKOTO
roCylapCTBEHHOI0 MeJULIMHCKOTO YHUBEpPCUTEeTa
(mporokos Ne 91 ot 30.09.2020 1.).

[TepBas rpymnmna — KOHTpOJibHas rpymnmna (¢pusno-
JIOTUYeCKUM pacTBOp), BTOpasi TpyTia — >KUBOTHbIE
¢ aitokcaHoM (150 mr/kr) auabetom (JJUUASM, Poc-
cusl), TpeThel rpyrire BBoAWIM MenaToHUH (China)
B fio3e 1 Mr/kr. UeTBepTas rpymna >KMBOTHBIX TO/Tyvasa
MeJIaTOHWH Ha (hoHe ajiyiokcaHa. B3auMogeiicTBre Me-
naronnHa 1 C/II" ycTaHaB/IMBa/M € MOMOLLBIO MOJIEKY-
JIIPHOTO AOKUHTA. [1/1si TpOBe/ieHUs JOKUHT aHau3a
HCII0/b30BaIMCh NakeTbl porpamm AutoDock Vina
u AutoDock Tools.

Teuenue 3ab01eBaHNSI MOHUTOPHPOBAJIHU TIO K/TH-
HUYeCKUM CHUMITTOMaM (CHUKeHHe Beca, ToJINypus,
TIOJIUUIICHST) U TI0 KOTMUYECTBY IJIFOKO3bI B KDOBH.

AKTHUBHOCTb CyKLIMHaT/eTHIporeHasbl Orpe/iesisii
B TKaHSX MeUeHu U TOpKeMy04HOM >Kere3bl (oToMe-
tpuyecku (UNICO-2100, USA) npu JJiviHe BOJIHBI
420 M [10].

st mpoBezieHusl JOKUHT aHaM3a UCT0/Ib30Ba-
muck nakeTsl mporpamMm AutoDock Vina u AutoDock
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Tools [11]. [TaTuKpaTHasi TOBTOPSIEMOCTh JBa/[LIaTH
HavaJ/IbHbIX KOH(MOPMAIUi /sl KaXK/[0TO COeIMHEeHUS,
c 06beMoM BUPTyaaLHOro GoKca, He 6osee 27000 A,
YTO TOATBEPIKJAaeT AOCTOBEPHOCTDb Pe3yJ/bTaToOB
JokuHra [1]. BennunHy KOHTUHYyMa UCUYUC/IeHUH
npuHsiau paBHou 500. Co3maHHas HaMU MporpaMMa
Ha ocHoBe anroputMa FOREL B cpeze Python [12]
TI03B0JIsI/Ia POBECTH MPOLieCC KIaCTepU3aliiy 1 BU3y-
anM3aliuy pe3y/ibTaToB JOKUHT aHa/iu3a. [IpoBoauscs
C WCT0J/Ib30BaHMEM TPOTPaMMBbl, CO3JaHHOW HaMU
Ha OCHOBe aJIrOpUTMa.

KoHcTaHTa CBSI3bIBaHMS Me/TaTOHWHA U CyKLIWHAT-
JeruaporeHasbl CO CBOMMH MUILLIEHSIMU OTIpe/iensiiach
ypaBHEHUEeM:

1
Gy, = —RTIn (E) ,
rie AG— sueprus ['u66ca; R— yHuBepcabHast ra3oBast
nocrosiHHasi; T— abcomoTHas TeMrieparypa; K— KoH-
CTAaHTA CBA3BIBAHUS.

Craructryeckast 06paboTKa pe3ysbTaToB IKCIepy-
MeHTa/IbHOTO UCC/Ie0BaHus Oblia MpoBejeHa C TIOMO-
LIbI0 MIPOTPAaMMHOT0 akeTa Statistica 12. [TosyueHHbIe
JlaHHbIe TIpe/ICTaB/IeHbl B BUZle MeIMaHbl U UHTepK-
BapTUIbHOrO pasmaxa (Q, u Q,). [IBe He3aBUCHMbIE
IPyIIILI CPABHUBAIUCE C ITOMOLLIBI0 U-Kputepus MaHHa
— YuTHH, TpU U Oo7Iee C MOMOLIBI0 PAaHTOBOTO aHA/K3a
Bapwualfuii o Kpackeny — Yomucy ¢ moc/iefyommm
rapHbIM CpaBHEeHWeM IpyII TecCToM MaHHa — YUTHU
C mp¥MeHeHueM norpaBku boHdeppoHu npy oLjeHKe
3HaueHus. Pa3nuuusa cudtany CTaTUCTAYeCKU 3HAYM-
MBIMU TIPH.

Pe3ynbTaTtbl U UX 06CyXaeHne

[nst co3panyst MOJieny caxapHoro AvabeTa B HallluX
JKCIeprMeHTax ObUT UCI0/b30BaH ajyiokcaH. [1posiBrie-
HHe K/TMHUYEeCKOM KapTUHBI TI03BOJISIET MPE/TION0KUTH,
YTO as/uIoKCaH B fj03e 150 MI/KT MPUBOAUT K Pa3BUTHIO
SKCriepuMeHTanbHOro quabeta (Tab. 1).

Ta6bnuya 1.
WHTerpanbHbie NoKasaTe/In COCTOSAHUSA YXMBOTHbIX U COAlePXKaHUSA FMIOKO3bl B KPOBY Y 30POBbIX KpbIC
1 C 3KCnepuMeHTanbHbIM gnabeTom (n = 10, Me (Q1/Q3))
NapameTp Macca Tena, r MoTpe6neHuve BoAbI, Ownypes [mokosa,
mn/cyTt mn/cyt MMOJIb/N
KoHTponbHas rpynna 192 14 10 44
P Py 188/200 13.5/19 6/15 4,1/49
149* 29* 36.5* 6,88*
Annokca (150 mr/kr) 145/159 25/35 34/40 6,79/6,93
[pumeyaHue: * — CTaTUCTUYECKN 3HaUYMMble OTANYMA rpynnbl A oT rpynnbl T (p < 0,05)
Table 1.
Integral indicators of animal health and blood glucose of normal rats and experimental diabetes (n = 10, (Me (Q1/Q3))
. water consumption, Diuresis
Parameter body weight mi/day ml/day Glucose mmol / |
Control group animals 192 14 10 4.4
188/200 13.5/19 6/15 4.1/4.9
149*% 29*% 36.5% 6,88*
Alloxan (150 mg/kg) 145/159 25/35 34/40 6.79/6.93

Note: * — statistically significant differences between Group A and Group 1 (p<0,05)
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BHyTpuOpIOIIIMHHOE BBe/leHHe a//IOKCaHa U MeJia-
TOHWHA NPUBEJIO K n3MeHeHuto akTuBHOCTH CIIT" Kak
B [eUeHU, TaK U B TIOJpKeyaouHou kenese (Puc. 1).

BBeneHre TOKCHHA CIIOCOOCTBOBAJIO TOBBILIIE-
HUIO aKTUBHOCTH (hepMeHTa B rOMoreHare reueHu
no 0,75 umosb/mr Genka (B CpaBHEHUU C JaHHBIMU
KOHTPOJILHOM TpyTibl KpbiC — 0,4 HMOJB/MT GeJKa,

0,8 *
0,7

0,6 * %
0,5

0,4

0,3

HMO/1b/MT BEJTIKA

0,2

0,1

nevyeHb

BK

AnnokcaH

p <0,05). I1pu usyuenun akruBHocty CAI' B TKaHU
TO/PKeJTyI0UHOM sKesie3bl I0C/ie BBeJeHUs a/lJIoOKCaHa
perucTpupoBasICs BblpaKeHHbIN Craj, aKkTUBHOCTH
tdepmenTa (0,12 HMOsB/Mr 6Gesika, y KPbIC B KOHTPO-
ne — 0,6 HMosB/MT 6efKa, p < 0,05), uTo MOXKeT Tpo-
BOLIMPOBATH Ma/leHre MHTeHCUBHOCTU PabOoThI LIWK/Ia
Kpe6ca B pe3ysnbrare rubenu 3 — KieTok JlaHrepraHca.

* %

MK

MT A+MT

Puc.1. I13meHeHve akTUBHOCTU hepMeHTa CyKLMHATAErnaporeHasbl Npy BBEAEHWM aniokcaHa 1 MenaToHnHa
* — CTATUCTMYECKMN 3HAUMMbIE OTNIMYMS OT NoKasaTeNsa KOHTPObHOM rpynnbl (p<0,05)
** — CTAaTUCTUYECKM 3HaUYUMBble oTAnYms (p<0,01) Mexay nokasatensmu rpynnsl M+A B cpaBHeHUM rpynnoi A

0,8 *
0,7

0,6 * %
0,5

0,4

0,3

nmol/mg prot

0,2

0,1

liver

HC EA

% %

pancreas

MT mA+MT

Fig.1. Change in the activity of the enzyme succinate dehydrogenase with the introduction of alloxan and melatonin
* — statistically significant differences from the indicator of the control group (p<0.05)
** — statistically significant differences (p<0.01) between the indicators of the M+A group in comparison with the group A
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B rpynme >KMBOTHBIX, KOTOPBIM BBOJW/IU TOJIBKO
MeJIaTOHWH B J103e 1 MI/KT B BeuepHee BpeMs CYTOK,
akTUBHOCTb C/IT" ¥ B TKaHU [eUeHH, U B TIOJKeTyL0u-
HOU ’KeJie3e COOTBETCTBOBA/a CPeJHUM 3HaUeHUSIM
KOHTPOJIbHOM rpynikl. Miconb30BaHUe Ke MeJia-
TOHHWHA /1JI51 )KUBOTHBIX C a/UIOKCAHOBBIM ZiiabeTom
rpuBesio K cHkeHuto (p<0,01) akTUBHOCTH CYyKLU-
HaT/leruiporeHassl B rieueHu 7o 0,5 HMOJIL/MT Oeska
B CPaBHEHUHM C MOKa3aTeIsIMU KPBIC C a/l/IOKCaHOBBIM
nuabetom (0,75 HMomB/MT Oeska). B mompkenyjouHoi
)Kese3e, HA0OOPOT, aKTMBHOCTb ()epMeHTA MOBbIIIA/IACh
¢ 0,12 umone/mMr a0 0,4 HMOJIL/MT OejIKa, YTO MOXKET
yKa3bIBaTh HAa BOCCTaHOB/eHHWe QYHKIMYU -KIeTOK
JlaHrepranca.

TakuM 06pa3oM, COT/IaCHO TOTYYeHHBIM pe3yiib-
Taram 1o/ BJIWSHUEM aJlJIOKcaHa B aktusHOcTH CAT
reyeHu U ToKeTyA0YHON »Ke/e3e BO3HUKAIOT pelu-
MPOKHbIE OTHOLIEHUS. AJIJTOKCAH BbI3bIBAeT pPe3Koe
yBesinyeHue akTuBHOCTU C/I' B meyeHu, a B TKaHU
TIO/KeTyJOYHOM >KeJie3bl HabJIroaeTcst 10CTOBEPHOe
CHWKeHre. EC/ii yuuThIBaTh, UTO KOHLIeHTpauusg AT®
CriocobHa pery/iMpoBaTh BHICBOOOKeHHe UHCYIIU-
Ha [3-K/IeTKaMU TIO/pKeJTy/JOUHOM »Kesie3bl, TO HapylleHue
WX 11eJIOCTHOCTH CITOCOOHO TPUBECTH K Pa3001I[eHUI0
TIPOLIECCOB OKUC/IUTENBHOTO (hochopuIMpoBaHusi, UTO

-

& ?A:é-fr '
SEn

¥ .~
S, W T
= —~—

=

MOXXET CII0COOCTBOBATh CUHTE3y KOHL|eHTpauu ATD
HIKe ToporoBoro. Cie/jCTBUEM 3TOTO MOXKET SIB/ISITh-
sl HapylleHre MpoLjecca BEICBOOOXKJeHUsT MHCYTMHA
v pa3BuTHs auabera [6].

C [pyrout CTOPOHBI, MOBbILLIEHHe aKTUBHOCTU
(hepMeHTa B TKaHSIX MeUEHU KPBIC YKa3bIBaeT Ha YCKO-
peHue (PyHKI[MOHUPOBAHUS LIMK/Ia TPUKApPOOHOBBIX
kuciioT (LITK). Bo3aMo)kHO, UTO Takasi akTUBaLMsI LIUK/Ia
Kpebca B yc/I0BHSIX TOKCUYECKOTO JIeHCTBUS a/lIOKCaHa
HeoOXoZiMa [I1s1 a/janTaljiy KJIeTOUHOTro MeTabom3Ma
B reraToLuTax.

C NOMOLLBEO MOJIEKY/ISIPHOTO JJOKUHTa HaM BITEPBbIe
YZA/I0Ch YCTAHOBUTB B3aUMOoZielicTBre MesiaroHrHa 1 C/IT.

CAT mpencrasnsieT co00i reTepoTeTpaMepHbIi
MeMOpaHHO-TIPOTeMHOBBII KOMILJIEKC, ¥ KOTOPOT'O KITFO-
YeBYIO POJib B ITpoIiecce MeTabo/mM3Ma urpaet Cyoneu-
HMLA A, r7ie (OpMHpYyeTCst OCHOBHOM KaTa/IMTHUe CKUM
1eHTp — FAD (¢naBuH-aleHUHIVHYK/I€0TU]) I0MEH,
obecrieunBaroIyii 1jelb TiepeHoca 37eKTpoHoB Fe-S.

Pe3ysbTath! JOKMHT-aHa/IM3a MOKas3bIBat0T CBSI3bIBAHME
MeJIaTOHMHA B Kataymutideckom gomede SDHA (Puc. 2).
KrnacTrepHblli aHanmU3 MOyUYeHHbIX MeCT CBS3bIBAHUS
MeJIaToHHHA ¢ CyobeauHuiier SDHA yKa3biBaerT, uto Bce
To/TyueHHbIe KoH(OpMepbl (HOPMUPYIOT eTMHBIN K/acTep,
¢ otkyioHeHueM < 0,04 HM JIpyT OTHOCUTE/BHO JApyra.

SDHA

Melatonin

Puc. 2. PacnonoxeHne Monekynbl MenatoHnHa B FAD nomene wernv SDHA
Fig. 2. Location of the melatonin molecule in the FAD domain of the SDHA chain
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KondopmaliirioHHasi KapTa B3auMo/leHCTBHUSI Me-
JIATOHWHA C CYKLMHATJeTruAporeHas3oi Obiia mocTpo-
€Ha Ha OCHOBe BeJIMUMH CBOOOAHOM sHepruu I'nboca
KKaJI/ MOJIb ¥ KOHCTaHTHI CBSI3bIBAHUSI KOMILJIEKCO-
obpa3oBaHusl paBHOMU (ITpU CpeHeKBaIpaTHyeCKOM
oTK/IOHeHnU < 0,2HM). Pe3ynbTaThl aHamu3a nogTBep-
KZJAI0T, UTO TIPU KOMITIEKCO0Opa30BaHUH BOB/IEKAIOTCS
aMUHOKHCJIOTHBIE 0CTaTKH, oOpasyroie FAD nomeH
(Puc. 3A) 3a cuet BopopoaHbIX U BaH-7ep-BaanbcoBbix
cui (Puc. 3B). [epBasi BofoOpo/iHasi CBSA3b yCTAHOBJIEHA
MeXy KapOoHu/IbHOM rpyrmmoi Tyr 202 1 aMHHOTpyTI-
MOW MEeHTO3HOTO KOJIblla MeJIaTOHWHA C JUCTaHLU-

eii2,11A. Bropas BogopozHas cBs3b 06pa3oBbIBanach
MeXKIy KapOOKCHTBHOM IpyTroi ¢eHOIbHOTO KOJTbIa
MeJlaTOHWHA U 1juaHorpymmoi Gly14 c paccTosiHuU-
em 3,51 A [1].

Habntofanick Takke eAMHUUHBIE THAPOGOOHbIe
B3aumo/elicTeus ¢ Lys 38. Heob6xoaumMo OTMeTHTb,
YTO MeJIaATOHWH TIPaKTHYeCcKH OI0KHUpyeT KaTaluTH-
YeCKUU IOMeH, O YeM CBUJETE/bCTBYET MOMyYeHHast
KapTa SHepreTuyeckoil 060/I0YKM MeslaTOHHHA U CO-
TMPsDKeHHbIX aMUHOKHUC/IOTHBIX OCTaTKOB, BOB/IEUeHHBIX
B KoMmruiekcoobpa3oBanue (Puc. 4).

Puc. 3. Busyanusauumsa B3aMMoaencTBma MENATOHMHA B KAaTaNUTUYECKOM LIEHTPE CYKLMHATAErMAPOreHasbl.
(A) NpoCTpaHCTBEHHOE PacnoNOXeHVe MeNaToHnHa (MenaToHnH 0603Ha4YeH KpacHbIM LIBETOM);
(B) KoHdOpPMaUMOHHast KapTa KoMriekcoobpasoBarus; (C) Habntofaemble BOAOPOAHbIE CBA3M

Fig.3. Visualization of melatonin interaction in the catalytic center of succinate dehydrogenase. (A) spatial location of melatonin
(melatonin is indicated in red); (B) conformational map of complexation; (C) observed hydrogen bonds
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Puc. 4. Busyanusaums aHepreTnyeckoin 060104k MenaTtoHmHa B FAD fomeHe SDHA cy6beanHuLbl
(MenaToHMH 0603HaYeH KPACHbIM LIBETOM)

Fig. 4. Visualization of the melatonin energy envelope in the FAD domain of the SDHA subunit (melatonin is indicated in red)

AHanu3 B3arMO/IeliCTBYSI TOPMOHA B KaTaJuTHue-
CKOM LieHTpe (pepMeHTa, a TaK>Ke IMPOCTPAHCTBEHHOe
pacrioyiokeHre MejlaTOHHWHA U ee KoH(opMal[ioHHas
KapTa KOMIJIeKCcooOpa30BaHUs TTO3BOJIA/IN TIPUHATH
K BBIBOZIy O TOM, UTO MeJIaTOHWH TPUBOJUT K OJIOKH-
POBaHUIO KaTa/JIUTHUECKOTO ZIoMeHa A CyObeMHUL[bI
CYKI[MHAT/IeTU/IpOTreHashbl.

3aknoyeHue

Pe3toMupys mosryueHHbIe HAMH JJaHHbIe, MOYKHO
yTBepKZAaTh, UTO aJarTariis OpraHu3Ma K yCJIOBUSIM
aJIJIOKCaHOBOTO iiabeTa OCyIIeCTBIISETCS Ha HEeCKOJTb-
KUX YPOBHsIX. AJUIOKCaH, pa3pylias [3-KJIeTKU MOopKey-
JIOUHOM >KeJie3bl, pa300I1jaeT MpoLeCcC OKUC/TUTETEHOTO

PHYSIOLOGY OF STRESS INFLUENCES

thochopunpoBaHUst, KNETKH TIO/PKeTyI0UHON >Kesle3bl
He criocoOHBI K CO3/JaHUI0 TIOPOTOBOM KOHI[€HTpa-
1y AT®. BosHukilee runosHepreTuiyeckoe COCTOSTHUAE
CII0COOCTBYeT HapYIIEHUIO MPOIiecca BLICBOOOXKAEHUS
VHCYJ/IMHA, UTO B Jla/IbHeIleM NPUBOJUT K Pa3BUTHIO
rurnepriukeMuu. C Apyroii CTOPOHBI, B IeUeHU NpU
KOMITeHCAL|UM TUII05HEPTUTUYECKOTO COCTOSTHUS Ha-
Omro/aeTCs aKTHBALIMSA Tak HasbiBaeMoro reHa ChREBP
(6esoK, CBS3LIBAIOIIHIA 37IEMEHT YI/IEBOAHOTO 0OMeHa),
SIBJISIFOLLer0Cst (PaKTOPOM TPaHCKPUIILIUU, pearupy-
IOLUM Ha TMoKo3y [13—16]. JanHblit 6e1ok nMmeet
5 JIoMeHOB, pearvpyrolIuX Ha ITtoko3y. Ecimi cogepxa-
HYe [JTFOKO3bl HU3KO0€, TO aKTUBUPYIOTCS 1—4 mOMeHEI.
['uriepriiMkeMusi CrioCOOCTBYeT akKTUBALUU JOMeHa
MRCS5, kotopsiii sedochopunupyer 6eok ChREBP
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Y CrIocoOCTByeT TPaHCIOKALMK B PO KieTKu. 1oz
B/IMSIHHEM 3TOT0 Oe/lka aKTUBUPYIOTCS TeHbI, KOAUPY-
IoLIMe [JIMKOUTHYeCcKre (hepMeHThl, KOTOPbIe UTParoT
POJIb B PETY/ISLIMN MeTab0MUeCKOTo U SHepPreTHYeCKOro
romeocrasa. K TakuMm reHam OTHOCUTCS M TeH CyKLIU-
HataeruziporeHassl [17—21]. [MocnegHsisi, SBASASICH
e/IMHCTBeHHBIM (hepMeHTOM, yuacTByrouM U B LITK
u B LITI5, criocobcTByeT sHepru3anuu MeTaboir3ma.
CTuMysLysl aKTUBHOCTH CyKL[MHATAerUporeHasbl
B IeYeHU KPbIC YKa3bIBaeT Ha akTHBaLuio 1rKIa Kpebca
B reaToLiTax B yCIOBUSIX a/JIOKCAHOBOTO, UTO HE0O-
xoaumo [s1 ycuienus rnoctaBok HAJTH. MenatoHus,
Graroziapst CBOMM TI/IHIOTPOITHBIM CBOWCTBaM, OI0KUPYs
JIoMeH A CyKLWHAaT[eruJporeHasbl, ClioCOOCTByeT
CHVDKEHMIO TMIIePaKTUBHOCTU (pepMeHTa B TeUeHH.
B nomkenynouHotli >kesie3e yepe3 CBOM crieliuuyeckue
peuenrtopsl (MP1 u MP2), npucyTcTBytOILIMe Ha TTO-
BePXHOCTH MeMOpaH [3- ¥ O-K/IeTOK Kak I'PhI3yHOB, TaK
Y YeJi0BeKa, TOPMOH OKas3bIBaeT IPSIMOe BMelllaTe/IbCTBO
B (DYHKLIMIO KJIETOUHBIX 37IeMEHTOB OCTPOBKOB JlaHrep-
raHca, BoccTaHaB/IUBaeT ux [8].
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Mopdonornyeckue oco6eHHOCTU CyNnpaonTUYECKOro aapa
rmunotasamMyca B AUHaMUKe 0XKOrOBOMW TPaBMbl KOXXU

M.A. CamorpyeBa , A.K. AxkukoBa X

ACTpaxaHCKui roCcylapCTBeHHbIA MeJULIMHCKUI YHUBEPCUTET, 2. AcmpaxaHb, Poccutickas ®edepayus
> alfia-imacheva@mail.ru

AnHOTanms. AKmyaabHOCMb. AKTyabHOCTh UCC/Ie/|0BaHUSI KPYTTHOK/IETOYHOTO sijpa Nepe/jHero rurorazamMyca Ipy 1o-
BpPEeXX/|eHHH KOXKH 00YC/IOB/IeHa B)KHOM POJIbI0 COTTPOBOXKIAIOIINX PEAKTUBHBIX M3MeHeHUI HeHPOIHIOKPUHHOTO PEry/IsSTOPHOTO
KOMIIeKCa TipH cTpecce. TT0CKOMBKY THUIIOTanamMyc sIBIsSeTCsl YaCThE0 HeMPO3HAOKPHUHHOM KooTepalyy, B HeM HabJFoAaroTcs
BbIpa’KeHHbIe NTPHU3HAKK CTPYKTYPHOM [ie30praHu3anii HeMpoHoB. Llenb uccnedosaHusi —u3yueHne CTPYKTYPHBIX H3MeHeHUH
B CyITPaoIITHUECKOM siZjpe THUIOTajJaMmyca KpbIC B JUHAMUKE TePMHUECKOM 0’KOrOBOM TPaBMbI KOXKH. Mamepuanbl U Memookbi.
VccrneroBaHye TIPOBOWIM Ha J1ab0PaTOPHBIX MOJIOBO3PETBIX KPhICAX MY>KCKOTO TI0/1a. [Ijist oLleHKH MOp(o/IOryecKUxX 0COOeHHO-
CTeli CynpaonTUYeCcKOro sijpa TUIIOTajamyca B JUHAMHKe 0)KOTOBOH TPaBMBI KOXKU OB TPOBe/|eHbl THCTONIOTUeCKYe MeTO/bI
nccnesoBanvs. B xoze Mopdonornyeckoro aHamm3a oLeHMBany HelpoTororpaduecKyto OpraH|3aliyio s7ipa v ero CTpyKTypHYHO
opranu3sauuio. O CTPYKTYPHBIX TIpeobpa3oBaHUsX CYAUIHU 10 GOpPMe U PacIiooKeHHI0 HePOHOB, TI0 opMe TIepHKaprOHOB
HeHPOHOB, TI0 Ha/IMYMIO OYaroBOTO [7TM03a, OTEYHOCTH, CIIOHTHO3a. Pe3yibmanibi u o6cyscdeHue. Pe3ynbTaTbl MOP(OIOrHIecKoro
aHajIM3a TI0Ka3a/ik, YTo B YC/IOBUSIX 0XKOTOBOTO MTOBPEX/I€HUSI KOXKH B CYNPAaONTUYeCKOM siipe TUI0TanamMyca BbIpaykeHHbIe
[eCTPYKTUBHBIE U3MEeHeHUs B BH/le 0UaroBOrO IVIF03a, OTEYHOCTH, CIIOHTH03a, 00paTMMOro U HeoOpaTHMOTO MOBPEXKAEHHS
HepBHBIX K/IeTOK TIPOMCXO/M/IN B HaUa/IbHBIN TIOCTTPaBMaTHueCKUi repuof (Ha 2—4 cytku). Cr1aboBbIpayKeHHbIE CTPYKTYPHbIE
nipeoOpa3oBaHusi TKaHU Ha 7—10 CyTKH 1TOC/Ie 03KOTOBOTO BO3/I€MCTBHUS OTPaXKaly JUHAMUKY BOCCTAHOB/IEHHS TIOBPEXKIE€HHBIX
HEpBHBIX KJIETOK, CBH/IeTe/IbCTBYIOLel O UaCTUYHOM /le30praHr3aliii HepBHBIX KJIeTOK, HOCSIL{ell BOCCTaHOBUTENbHBIN XapakTep.
Bb1800b1. Takim 06pa3oM, BbISBJIeHHbIE CTPYKTyPHbIE HapyLIeHHs B CYIPAONTHUYECKOM siJipe TUIIOTaiaMyca MOTYT ObITb pacLieHeHbI
Kak He3HauwTe/IbHbIe, UTO CBU/IETESIbCTBYET O CI0KHOM BHYTPEeHHel OpraH|3aliy CyrpaonTHYeCcKOro siApa FMIoTanaMyca U ero
BBICOKOH Pe3UCTEHTHOCTH K TIOBPEXK/AIOLIMM 3K30T€HHBIM BO3JeiicTBusiM. Mopdosornueckie 0ocobeHHOCTH CyNpaoTHUeCKOTO
sijpa TUIOTaaMyca MoATBep K/IaeT BOB/IEUeHHOCTh HeHPOCEeKPETOPHOTO arrapara B IpoLiecce afianTaryy K cTpeccy Ha (oHe
0>KOTOBOTO BO3/IEMCTBUS, CeJIEKTUBHOE yYacTHe UX HelipOrOPMOHOB B PETry/ISILIMM HOPMa/IbHBIX U TIaTOJIOTHUEeCKHX COCTOSTHUM,
OKa3bIBast LIMPOKWH CIIEKTP (PU3H0IOrMUIeCKUX BIUSHUM B Pa3BUTHH 3al{UTHO-ITPUCIIOCOOUTETbHBIX MEXaHU3MOB.

KnroueBble c/10Ba: MOp(o/I0THsi, TUIOTa/IaMyC, CYTIPAONTHUeCKOe AP0, HEHPOHBI, K/IETKU TJINH, O’KOTOBasi paHa
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Supraoptic nucleus morphological features of the hypothalamus
in the skin burn injury dynamics

Marina A. Samotrueva , Alfiya K. Azhikova =

Astrakhan State Medical University, Astrakhan, Russian Federation
DX alfia-imacheva@mail.ru

Abstract. Relevance. The relevance of the study of the large cell nucleus of the anterior hypothalamus in case of skin
damage is due to the important role of accompanying reactive changes in the neuroendocrine regulatory complex in stress.
Since the hypothalamus is part of neuroendocrine cooperation, it shows pronounced signs of structural disorganization of
neurons. The purpose of the study is to study structural changes in the supraoptic nucleus of the hypothalamus of rats in the
dynamics of thermal burn injury of the skin. Materials and Methods. The study was conducted in laboratory mature male
rats. To assess the morphological features of the supraoptic nucleus of the hypothalamus in the dynamics of skin burn injury,
histological examination methods were carried out. The morphological analysis evaluated the neurotopographic organization
of the nucleus and its structural organization. Structural transformations were judged by the shape and location of neurons, by
the shape of neuronal pericarions, by the presence of focal gliosis, swelling, spongiosis. Results and Discussion. The results of
morphological analysis showed that in the conditions of burn damage to the skin in the supraoptic nucleus of the hypothalamus,
pronounced destructive changes in the form of focal gliosis, swelling, spongiosis, reversible and irreversible damage to nerve
cells occurred in the initial post-traumatic period (on days 2—4). Weak structural tissue transformations on days 7—10 after
burn exposure reflected the dynamics of repair of damaged nerve cells, testifying to of partial disorganization of nerve cells of
a restorative nature. Conclusion. Thus, the revealed structural disorders in the supraoptic nucleus of the hypothalamus can be
regarded as insignificant, which indicates the complex internal organization of the supraoptic nucleus of the hypothalamus and
its high resistance to damaging exogenous influences. The morphological features of the supraoptic nucleus of the hypothalamus
confirm the involvement of the neurosecretory apparatus in the process of adaptation to stress against the background of burn
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exposure, the selective participation of their neurohormones in the regulation of normal and pathological conditions, exerting a
wide range of physiological influences in the development of protective and adaptive mechanisms.
Key words: morphology, hypothalamus, supraoptic nucleus, neurons, glia cells, burn wound
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BeepeHue

B ocHoBe naToreHe3a roc/e0K0roBbIX MOpaykeHui
KOYKM JIeXKUT HapyllleHre Me>XopraHHoi MophodyHK-
LMOHA/IbHOW opraHu3anuu. VI3BecTHO, 4TO B XO7ie Mo~
CTTpPaBMaTUYeCKOM perapaliiu TKaHel BOCCTaHOB/IeHHe
roMeocTasa OCyLeCTBSIeTCs OCPeJCTBOM CJIOKHBIX
B3aMMOCBSI3aHHbIX HEMPO3IHJOKPHUHHBIX U UMMYHHBIX
B3auMogelicTBuid. Bo Bce ¢a3bl mocTTpaBMaThyecKo-
ro Mepuo/ia OCYIeCTB/IsIeTCS peaar3alys peakLvi
HEpPBHOM CUCTEMbI U TUTIOTaIaMO-TUNo(u3apHO-Ha/-
TIOYeYHHUKOBOM OCH K MOBpeKJaroluM (pakTopam,
COTMPOBOXKJAOIIMXCSA JU3PETYNSILUOHHBIMU U 3a-
IIUTHO-a/IaNTalJMOHHBIMU MeXaHU3MaMU B TOJIOBHOM
mosre [1, 2].

AKTyanbHOCTb UCC/IeIOBaHUSI CTPYKTYPHO-(PYHK-
LIMOHAIbHBIX 0COOEHHOCTEW MO3TOBBIX CTPYKTYP
B YCJIOBUSIX O)KOTOBOM TpaBMbI 00y CJ/IOB/IEHA UX TPSi-
MO BOB/IEUEHHOCTBIO B (OPMUPOBaHKE alalITUBHBIX
peakijuii opranusMa. [1py 3ToM BaXkKHYIO POJIb UTPaeT
TUI0TAa/NaMyC, KaK OfMH U3 OCHOBHBIX HEMPO3H/0-
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KPHHHBIX PeryasiTopoB romeocrasa. ObecrneunBasi
CJI0)KHBbIE HEMPOTyMOpa/IbHbIE B3aUMOZEHCTBUS B X0
¢u3moornuecKux 1 naTopu3noIoruuecKux rMpoLeccoB,
TUTIOTa/IaMyC y4acTBYeT B 00ecriedeHnH 3aluTHO-TIPU-
CriocobUTeTbHBIX peaki|ii IPU pa3IUuHbIX BUAAX
cTpecca. 3HauuMa poJib TUII0TasiaMyca B IIpoLecce
KOPOTKO- U JI0JITOCPOYHOM ajanTanuy K cTpeccy —
MyTeM HeMpO3HJOKPUHHOIO MeXaHW3Ma perysiiuu
B KPOBb CEKPETHPYIOTCS aZlanToreHsl. B cBOrO ouepesp,
HelpOoCeKpeTOpHbIe K/IeTKH 110-0CO0eHHOMY pearipyoT
Ha JIOKaJ/IbHbIe ¥ CUCTeMHBbIe pa3/ipaXUTesu: OT Hapa-
LMBaHUsI CEKPeLMM aJlaliTOreHoB /10 GU3UO0JI0rYeCKOr
JlereHepaliyy, NpUBOJsAILeH K UX JlekoMreHcaluu [3].

Cpenu KpyITHOK/IETOUHBIX 00pa3oBaHuii Tiepe]-
Hero rMrorajsaMyca, y4acTBYIOIIUX B MOAepKaHUuU
rOMe0(CTasa, BhIJESAI0T NTapaBeHTPUKYJ/ISIPHOE U Cy-
nipaorntuueckoe siapa [4, 5]. K uucny sipep, Harbomee
PEeaKTUBHBIX 1 OHOBPEMEHHO Ys3BUMBIX IIPU CTpecce,
OTHOCHTCS CyTpaoINTHueckoe s4po runoranamyca (SO).
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Ha ceropHsiHMii eHb 0CTaeTCss Maja0M3yueHHbIM
BOIPOC O CTPYKTYPHO-(PYHKLIMOHATbHBIX U3MEHEHH!-
X B CyIpaoNTUUYeCKOM si/ipe TUToTasaMmyca Ha (poHe
0’KOTOBOM TpaBMbI KOXKU. B uacTHOCTH, pu cTpecce
0’KOTOBOTO XapakTepa He orpejeseHbl npejesbl Bo3-
MO’KHOM 00paTMMOCTH U3MeHeHH HeMPOCeKPeTOPHBIX
OpraHOB, YTO MMeeT Ba)KHOe 3HaueHHe TPU MOUCKe
CpeJiCTB KOPPEKLIMU U MPOTHO3€e TeUeHHs M0 CIe0XK0-
roBoro npouecca. Kpome Toro, iMreparypHbie JaHHbIE
He OTPaKaroT U3MeHEeHHs TUI0TalaMU4yeCKUX CTPYKTYP
B IMHaMKKe 0X0roBoro rpotiecca [6—10]. B ganHOM
acreKkTe UHTepeC Mpe/CTaB/sieT BbIsiBIeHUe MOP(O-
JIOTUUeCKUX U3MEHEeHUN HelipOCeKPeTOPHBIX KIeTOK
CyNpaonTHUYeCKOro sijpa ruroTaaaMyca B yCI0BUSIX
0’KOTOBOU TPaBMBHI.

711 u3yueHus perapaTUBHOIO MOTEHLIMA/Ia KOXKU
BO B3aMMOCB$I3U C UHTErPa/IbHbIMK CHCTeMaMU Heo0X0-
JUMO TIOHUMATh 3all{UTHO-a/|alTalliOHHbIe MeXaHW3Mbl
B /IMHAMUKe TOCTTpaBMaTuueckoro nepuoga. [locne
BO3/IeMCTBUS NTaTOTeHHOTO (paKTOpa B OPraHy3Me 3aIy-
CKaroTCsl MeXaHU3MbI BOCIIa/IeHUs], KOTOPbIe HarpaBJie-
Hbl HAa BOCCTAHOBJIEHUE WM 3aMelljeHHe TOBPeXJEeHHbIX
TKaHEeBbIX CTPYKTYP (pernapaTUBHYIO pereHepaLuio).
[TockobKy BOCHaIMTeIbHO-pereHepaTrBHbIe MPOLieC-
Cbl UMEIOT CTaIMMHO-BPEMEHHOMW XapaKTep, BaXXKHbIM
SIB/ISIeTCS] U3yueHre U3MeHeHUI B JUHAMUKE 0’KOrOBOM
panbl. Ornpe/esieHre CPOKOB HaOMIOAEHUS TTPOBOZV/IH
B COOTBETCTBHUM CO CTaAUSIMHU MOCTTPaBMaTHyeCKON
peakiuu: 2—4 cyTKu— ¢a3a ajbrepalyu, 7 CyTKU —
(aza skccyzpanmu, 10 cytku— (paza nponudeparym.

Ienb uccienoBaHmsaA—u3yueHre CTPYKTYPHO-(yHK-
LIMOHA/IbHBIX 0COOEHHOCTeN CyTIpaonTHYeCcKOro siipa
TUTOTaaMyca B IMHAMUKe O)KOTOBOM TPaBMbI KOXKH.

MaTepMan bl ® METOADbI

B kauecTtBe 00beKTa MCC/Ie0BaHUs UCTIONb30BaIN
OenbIX HeJTMHEMHBIX KPBIC, MY>KCKOTO T1071a, 6—8 Mec.,
Maccou 230—250 r. JKMBOTHBIX COZleprKaiu B COOT-
BeTCTBUM C TpeboBaHMsAMU Komuccuu Poccuiickoro
HallMOHaIbHOT0 KOMHTeTa 1o 61o3THKe ripu Poccuiickoit
aKa/|leM1H HayK 1 peKOMeHZaLsAMH JTHUEeCKOTr0 KOMUTe-
ta ®I'BOY BO Actpaxanckuii [MY Mun3gpasa Poccun
(mpotokos Ne 4 ot 21.11.2016 r.). 2)KuiBoTHBIE OBLTH
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pasziesieHbl Ha TPYIIIE, 10 7 ocobeil B Kaxkzoii: 1 rpym-
na «KoHTposibHasi» — MHTaKTHBIE 0COOH, 4 OTbITHBIE
rpynnbl— «OxXor 2 cyTKu», «OKor 4 cyTKn», «Oxor
7 cyTku», «Oxor 10 CyTKu» — >KMBOTHbIE, KOTOPbIM
Ha MeJK/IONaTOYHYO [elMU/IMPOBAaHHYH0 30HY CITMHBI
ObL1 HAaHECeH TepMuYeCKUl oxor. MoJenpoBaHre
TepMUYECKOTO 0KOTa MPOBOAW/IN B YCJIOBUSIX C/1ab0id
3(pMPHOI HApPKOTHU3aLUK IyTeM 5-CeKyH/JHOTO TIPHK/Ia-
[bIBaHNS Ha KOXKY CIIMHBI MeZIHOTO KPYIVIOTO IIpeAiMeTa,
omyirieHHoro Ha 10 muH. B kutnisiiyto Bogy (100 °C).

Jekarnuraiyro KMBOTHBIX MMPOBOAWIN Ha 2, 4, 7,
10 cyTKu 110C/ie 0’KOrOBOTO BO3/leHCTBUs 1071 3(pUPHBIM
Hapko30M. BckpbIBasv uepernHyto KOpoOKy, M3B/ieKam
TOJIOBHOM MO3T M OBICTPO TOrpy»kanu ero B 10 %-ii
3a0yhepeHHbI HeHTpaIbHBIN pacTBOp hopManberusa.
duKcaLuio NPOBOAWIY B TeueHUe 2 cyTok. [Tocsie 3Toro
00pas31bl TOI0BHOTO MO3Ta POMBIBAJIU T107] IPOTOYHOMN
BO/IOH, TTO/iIBepraii 00e3BOXKMBAaHUIO, TIOMeIlasi uX
B PacTBOPbI 3TWIOBOIO CITUPTa BOCXOASLLeH KOHLIeH-
tparuu (50—70 %, 80 %, 96 %, 100 %), npocBeT/sU
B XJI0po(hopMe, romeljanu B napauHOBYIO Cpeay
Histomix® (BuoButpym, Poccust), motom 3anuBanu
B rapa¢uHoBbIe 6/10k1. Ha poTarjuoOHHOM MUKpPOTOMeE
HM340E (MICROM, I'epmanusi) G171 IPUTOTOBJIE-
HBbI Cpe3bl TOMLUHON 4 MKM. [lenapadpuHupoBaHue
Cpe30B OCYILEeCTB/IS/IM KCU10/10M. CMOHTHPOBAHHbIE
Ha Mpe/IMeTHbIe CTeKJ1a Cpe3bl OIyCKaIh B KpaCUTe b
TOJIYUZIMHOBBIN CMHUM 110 MeTony Huccrs [8].

[TpoBoguy Mop¢ooruuecKrii aHaam3 CynpaorTy-
YyeCKOro sijpa runoranamyca. ViccienoBaHie MUKpompe-
11apaToB NIPOBOAWIOCH C ITOMOLLBE0 MUKPOCKOIA «AXio
Lab. Al», poTofOKYMeHTHPOBaHKE OCYLLeCTBISIN
Kamepoii «AxioCam 105 color».

Pe3ynbTaTthbl M 06CyXAEHME

CymnpaonTuyeckoe siipo TUIOTazamyca >KUBOT-
HBIX KOHTPOJIbHOM TPYIIIIbI TIPEJCTaB/Ie€HO KPYTTHbIMU
(KpyHOK/IeTOYHAsi 4aCTh) U MEJTKUMU HelipOHaMu
(MesIKOK/IeTOUHAs YacTh) U KieTkaMu riuu. [1pu mop-
¢onoruueckom uccae0BaHUU CyNIPaoNTHYeCKOro
si/ipa UHTAKTHBIX KUBOTHBIX OOHAPY>KeHbI B 0CHOBHOM
HEeMpPOHBI OOMBILINX pa3MepoB HOPMaJbHOU (hOPMBI.
dopma nepuKaproHa HelipoHa Obljia S/UTUTICOMIHOM.
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PacrnionoxkeHre HelipOHOB M/I0OTHOe. B 1jeHTpanbHONM  Onpefensiig 10Kanu3aLUio spbIllieK U B LieHTpaIbHOM,
obmacTy mepukaproHa HeMpoHa HaO/MaMu TEeMHO- U B TiepudepuiiHoi obacTsx siaep. B sapax HelpoHOB
OKpallleHHbIe sifipa. f1apa HelipoHOB UMenu cnabo HabsoAany sApHIIIKYA, UMelolre KPyriyio GopMmy
BBID@)KEHHYH0 6a30(uibHY 0 OKpacKy HuToriasmel.  (puc. 1, 2).

Puc 1. HeitpoTonorpaduyeckas opraHusaums cynpaonTudeckoro siapa (SO)
rMnoTanamMyca Xm1BOTHbIX KOHTPOMbHOM rpynnbl; YB.X100, oKp. TONyMAMHOBbBIA CUHUI MO MeToay Hucens

Fig. 1. Neurotopographic organization of the supraoptic nucleus (SON) of the hypothalamus in an intact rat;
Microscope magnification.x100, staining of the preparation — toluidine blue according to the Nissl method

Puc. 2. Mopdornornyeckas xapakTepucTika cynpaonTtiyeckoro aapa (S0)
YKMBOTHbIX KOHTPONbHOW rpynnbl; YB.X400, OKp. TONYUANHOBbLIM CUHWIA MO MeToay Hucens

Fig. 2. Morphological characteristics of the supraoptic nucleus (SON) of the hypothalamus of an intact animal; Magnification
of the microscope, x400, staining of the preparation — toluidine blue according to the Nissl method
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TTpu MOpdOJIOTHUECKOM UCC/IeJOBAHUU CYTPAOTI-
THUYECKOTO sI/[Pa YKUBOTHBIX TPYTIbI « TepMuueCcKuii
OXKOT, 2 CyTKW» 00Hapy>KeHbI B 60/IbIlIeM 00beMe BaKy-
OJIEBU/THBIE TTOIOCTH, HO BCTPEUAJTHCh TAK)Ke KPYITHbIE
Y CpeJIHKE MOBPeXX/|eHHbIe reTepOMOpQHbIe HEHPOHBI.
Pacriosnio)keHrie HEHPOHOB He TJIOTHOE TI0 CPaBHEHUIO
C UHTAKTHBIMU )XMUBOTHBIMH. [1epHUKapHOHbI HEWPOHOB

BBIIVISIIeNIM OTeUHBIMH, HarpsbkeHHbIMU. Kpome Toro,
OTMeYaJsICs JIM3UC LIUTON/Ia3Mbl, POSIBJISIFOLLIUICS B BUJIE
cBeTsioro 060/Ka BOKPYT sifipa. B 1ieHTpabHOIM 06/1a-
CTH NeprKaproHa HelipoHa Hab/rofanu Meskue siipa.
SIpBILIKY JTIOKaM30BaHbl OecriopsiiouHo. OTMedasnu
O0osIbIII0e YKC/I0 SKTOMMPOBAaHHBIX SIAPLIILIEK, TIPUe-
Kall[UX K sifiepHO# 06osouke (puc. 3, 4).

Puc. 3. HeiipoTonorpaduyeckas opraHmsaums cynpaontuyeckoro aapa (SO) runotanamyca SXMBOTHbBIX
rpynnbl « TEPMUYECKINIA OXKOT 2 CyTKM»; YB.XT100, OKp. TONYNAUHOBBIN CUHWUIA NO MeTody Hucena
Fig. 3. Neurotopographic organization of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 2 days»;
Microscope magnification.x100, staining of the preparation — toluidine blue according to the Nissl method

Puc. 4. Mopdonormnyeckast xapakTepuctuka cynpaonTtudeckoro sapa (SO) runotanamyca >KXMBOTHbIX
rpynnbl « TEPMUYECKINIA OXKOT 2 CyTKM»; YB.X400, OKp. TONYNAUHOBBIN CUHWUIA NO MeTody Hucena
Fig. 4. Morphological characteristics of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 2 days»;
Magpnification of the microscope, x400, staining of the preparation — toluidine blue according to the Nissl method.
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Mopdosnoruyeckasi opraHu3arysi CynpaomnTuue-
CKOTO si/ipa TMroTaaaMyca )KUBOTHBIX IPyIibl « Tepmu-
YyeCKU 0KOT 4 CyTKU» TIpeJiCTaB/ieHa MOBPeXX/|eHHOU
HEPBHOW TKaHbIO, HAChILL|EHHOW BaKyOIbHBIMU M0OJI0-
ctssMu. O6Hapy>keHbl B O07blIIel cTereHn HeHpOHbI
HernpaBU/IbHOU (hopMbl. PacronoykeHrue HEMPOHOB
paccesiHHOe, HepaBHOMepHoe. Helipornusib B MexkJie-

TOYHOM MPOCTPAHCTBE XapaKTePHU30BaJICsS CIIOHTHO30M.
[TeprKaprOHbI HEMPOHOB C/1a00 BHU3yaTM3UPOBaHBI.
BbIsiB/IeHO Ha/TMuKe TIEPUHYK/IeapHbIX BaKyoJiel B 1[U-
TOTIa3Me TIepUKapuoHOB. B nieHTpanbHOM 061acTu
TiepUKapruoHa HeHMpoHa Hab/roamu SPKOOKpallleHHbIe
siipa. S IpBIIIKY JIOKaIM30BaTh He yAanock (puc. 5, 6).

Puc. 5. HeiipoTonorpaduyeckas opraHmaalms cynpaontuyeckoro aapa (SO) runotanamyca SXMBOTHbBIX
rpynnbl « TEPMUYECKINIA OXOT 4 cyTKM»; YB.X100, OKp. TONYNANHOBBIN CUHWUIA NO MeTody Hucena
Fig. 5. Neurotopographic organization of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 4 days»;
Microscope magnification.x100, staining of the preparation — toluidine blue according to the Nissl method

Puc. 6. Mopdonormnyeckas xapakTepuctuka cynpaonTtudeckoro sapa (SO) runotanamyca >KMBOTHbIX
rpynnbl « TEPMUYECKINIA OXKOT 4 cyTKM»; YB.X400, OKp. TONYNAUHOBLIN CUHWUIA NO MeTody Hucena

Fig. 6. Morphological characteristics of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 4 days»;
Magnification of the microscope, x400, staining of the preparation — toluidine blue according to the Nissl method.
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[Tpu Mop¢onoruueckom uccieoBaHUM KUBOTHBIX
rpymmbl « TepMUUeCKUl 0XKOT, 7 CyTKU» B CyNpaor-
TUUYeCKOM sifjpe 0OHapy’>KeHbl KPYITHbIe U MeJIKHe
HelpoHBI. PacnosokeHne HEMPOHOB He IJIOTHOE
10 CPAaBHEHHUIO C UHTAaKTHBIMU >KUBOTHBIMU, OJJHAKO
yMEepeHHO OpraHu30BaHHOe. Heliponu/ib BBISIB/ISIN
o cabo BeIpaXKeHHBIM CIIOHTHO30M. B MeJiKok/ieTou-
HOM YacCTH si/ipa KUBOTHBIX PYMIIbl « TepMuueckuit
OJKOT, 7 CYTKW» OIpeJie/isiid HeMpOHbI HellpaBUIbHON

(hopMbI, C MaJIbIM COZIEPYKaHHUEM LIUTOTL/Ia3MbI B TIepH-
KaproHax. [luToria3ma rmeprukapruoHOB OOJBIITMHCTBA
HelPOHOB XapaKTepH30Ba/iaCh yMEPEHHO BbIPaKEHHBIM
TUTNIepXpoMarto3oM. [TepuKaproHbl HEHPOHOB BHIT/IsIZIE-
JT1 HOPMaJTbHBIMU, peXke 0OHapY>KMBa/IUCh HEMPOHBI
CO CMeIIeHHbIMU si/ipaMu. B 11eHTpa/ibHOM 06macTu
TiepyKapruoHa HelpoHa YeTKO BbIPa)KEHbI MeJIKHE siipa.
SIApBIIKY JTOKa/IM30BaHbl yriopsizioueHHo (puc. 7, 8).

Puc. 7. HeiipoTonorpaduyeckas opraHv3auuma cynpaontuyeckoro sapa (SO) runotanamyca XMBOTHbIX
rpynnbl « TEpMUYECKU OXOT 7 CyTKM»; YB.X100, OKp. TONYMAMHOBBIN CUHWIA NO MeTody Hucena
Fig. 7. Neurotopographic organization of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 7 days»,
Microscope magnification.x100, staining of the preparation — toluidine blue according to the Nissl method

Puc. 8. Moptonoruyeckas xapakTepucTvka cynpaontudeckoro aapa (SO) runotanamyca KnBOTHbIX
rpynnbl « TEPMUYECKUI OXKOT 7 CyTKW»; YB.X400, OKp. TONYMANHOBbBIA CUHUIA MO MeToay Hucens

Fig. 8. Morphological characteristics of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 7 days»;
Magnification of the microscope, x400, staining of the preparation — toluidine blue according to the Nissl method
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ITpu Moposoruueckom Mcciie0BaHUM CyIIpaor-
TUUECKOTO 5i/Ipa KPbIC TPYTIIbI « TepMuuecKuii 0>Kor
10 cyTKu» BBISIB/IeHbI KDYTTHOK/IETOUHbIe HEUPOHBI
HOpMaJIbHOW ()OpMBI U pa3mepa. f1pa HelipOHOB pacrio-
Jlarajivch B LieHTPaIbHOM YacTy NepuKapyoHOB U UMeJH

KpyI/yto ¢popMmy. SpBILIKYA UMe/Ty NpaBUIbHOE L{eH-
Tpa/IbHOE pacrno/ioKeHre, HeMPOHBI CO CMeLLeHHbIMU
sipaMy B TI0Jle 3peHus He nonajany. LiuTornnasma
NepyKapruoHOB HeMPOHOB Ipe/icTaBrieHa 6a3odub-
HOOKpaileHHo# (puc. 9, 10).

Puc. 9. HeipoTonorpaduyeckas opraHmsaums cynpaontuyeckoro aapa (SO) runotanamyca SXMBOTHbBIX
rpynnbl «Tepmuyeckuin oxor 10 cyTku»; YB.x100, OKp. TONYMANHOBbIA CUHWIA MO MeTody Huccns

Fig. 9. Neurotopographic organization of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 10 days»;
Microscope magnification.x100, staining of the preparation — toluidine blue according to the Nissl method

Puc. 10. Mopdonoruyeckas xapakTepucTnka cynpaonTudeckoro aapa (SO) rmnoTanamyca XUBOTHbIX
rpynnbl «TepMmudeckuit oxxor 10 cyTkn»; YB.x400, oKp. TONyUANHOBbLIA CUHUIA MO MeTody Huccns

Fig. 10. Morphological characteristics of the supraoptic nucleus (SON) of the hypothalamus of the rat group «Burn, 10 days»;
Magnification of the microscope, x400, staining of the preparation — toluidine blue according to the Nissl method
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BbiBOAbI

[TpoBegeHHOe MOp(oIOrhUUeCcKoe UCCIeOBaHUe
CyTIpaoITUYeCKOro si/ipa FMroTaaaMyca mokasasno, 4To
TepMUYeCKHUM 0KOT BbI3bIBaJl Oosiee 3HaUHTEeTbHbIe
peakTUBHbIE U3MeHeHUs1 (0YaroBbIi T/IM03, CITIOHTUO3
U O0TeK) B paHHUe CpoKHU (2—4 cyTku). Ha Har B3rvisig,
3TO CBSI3aHO C Pe3KUM U3MeHeHueM Tpoliecca Helipoce-
KpeIyy repe/iHel TUoTalaMUUeCKOU 30HbI, KaK 3aIyCcK
peakLyy CcTpecc-Ae3aJanTUBHOTO XapakTepa. [Ipuuem
HapyLleHus B BUJe OTeKa ¥ TMIIepXpoMaro3a Kacaunch,
B OCHOBHOM, KPYITHBIX HEMPOHOB sifiep. Ha 7—10 cyTku
M0CJIEO)KOTOBOT0 TIepHO/ia B MIepejHeM OTZesle TUIIOo-
TajlaMmyCa BbISIBJIEHbI C/TA00BBIPaKEHHBIE CTPYKTYPHbBIE
W3MeHeHMUs 110 CPaBHEHUIO CO 2-MU CyTKaMu. B 1iesiom,
BbISIBJIeHHbIE 0COOEHHOCTH MOT'YT OBITh pacCl|€HEHbI
KaK He3HauuTe/bHbIe, UTO CBU/ETe/IbCTBYET O CJI0XK-
HOU BHYTpPeHHeW opraHU3aliy CyTpaonTHUeCcKOro
si/ipa TUIOTasiaMyca Y ero BbICOKOW pe3UCTEeHTHOCTH
K MOBPEX/a0LIM 5K30TeHHbIM BO3JelcTBUsIM. Mop-
(onornyeckue npeodpa3oBaHust HEMPOHOB Ha 10 CyTKH
OTPa’KaroT JUHAMUKY BOCCTAHOBJIEHUSI TTOBPEX/I€HHBIX
B pe3yJibTaTe TEPMUYECKOTO 0’KOT'a HEPBHBIX KIIETOK.

Takum 06pa3om, Mopdosioruyeckre 0Co6eHHOCTH
CYTIPaOITHUUE CKOTO si/ipa TMII0Ta/IaMyca TIOATBEP)KaeT
BOBJ/IEUEHHOCTh HEMPOCEKPETOPHOT0 afrapara B Mpo-
Liecce aflanTanuu K cTpeccy Ha (OHe 0)KOrOBOTO BO3-
[IeHCTBUSI, CeNIEKTUBHOE y4yacTHe UX HeMPOrOpMOHOB
B pery/siiii HOPMaJIbHBIX U [1aTOJIOTHYeCKUX COCTO-
sIHAM, OKa3bIBasi IIMPOKUH CIEKTP (hU3HOI0ruueCKUX
B/WSIHUN B Pa3BUTHUU 3aL[UTHO-TIPUCIIOCOOUTENBHBIX
MeXaHU3MOB.
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Local hardware hypothermia influence
on the physiological processes

Nidjat A. Guseynov E, Marina H. Hammouri ', Alexandr A. Muraev , Sergey Y. Ivanov ,

Elena A. Lukianova ', Anna S. Klimenko ~, Mohammad A. Noeerazlighi
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Abstract. Relevance. Cold vasodilation is a response to a decrease in local and general temperature. Dose-controlled
hypothermia is a therapeutic method for treating various pathological processes. Materials and Methods. In our study, we
analyzed various indicators of the general condition of the human body under the influence of local controlled hypothermia.
The study involved 25 healthy volunteers from the age of 21 to 34, including 14 males and 11 females. The study was carried
out at a constant temperature of 25 °C, relative humidity of 30 + 5%, and an atmospheric pressure of 765mm Hg in silence
and moderate illumination. The instruments of these indicators were bio-impedancemetry, angioscanning, as well as general
thermometry. We also performed local thermometry of the buccal mucosa to identify temperature correlations between local
hypothermia and buccal mucosa temperature. Local controlled hypothermia of the face was carried out by applying an elastic
mask to the subject’s face. The mask had a system of irrigation tubes connected to the «ViTherm» device, which cooled the liquid
and maintained its circulation. Due to the circulation of the cooled liquid in the mask the face was cooled. The mask covered the
parotid-chewing, buccal, zygomatic, and infraorbital regions on the right and left. LCG lasted 50 minutes, and the circulating
fluid temperature was 18 °C. Results and Discussion. The effect of local controlled hypothermia at 18—20 °C did not affect
vital signs in healthy adults: active cell mass, electrical reactance, extracellular fluid, oxygen saturation, the duration of systole.
pulse. general temperature. At the same time, a decrease in tissue hydration was recorded. The revealed physiological effect
of local hypothermia justifies using this temperature regime to reduce postoperative edema. Conclusion. Due to the absence of
negative effects of local controlled hypothermia on the vital signs of the human body, the development and application of this
tool in clinical practice, including the dental surgeon. is relevant.

Keywords: local hypothermia, bio-impedancemetry, angioscanning, thermometry
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Introduction

Cold exposure to the skin has a pronounced
physiological effect. At first, there is an increase in
peripheral vasomotor tone, which reduces heat loss
to the environment to maintain thermal homeostasis.
Further prolonged exposure on the contrary disrupts
adaptive mechanisms and leads to impaired neuron
conductivity. vasodilation. and cold injuries [1—3].
The origin of cold-induced vasodilation (CIVP) is still
a matter of discussion [4]. CIVP can be mediated either
centrally through the sympathetic nervous system [5,
6] or locally through cold-induced direct peripheral
vascular paralysis [7]; authors would like to note the
role of arteriovenous anastomoses [8]. The regulation of
skin blood flow occurs due to a complex and dynamic
interaction of thermal effects emanating from the depths
of the body (core) and skin (shell). However, the intensity
of vasomotor reactivity to localized thermal stimulation
is primarily determined by the thermal state of the whole
body [9]. Lewis first claimed that local vasodilation—
later known as cold-induced vasodilation (CIVP)—was
the cause of increased body temperature [10].

Despite many studies, the mechanisms that cause
CVP are not fully understood [11]. According to some
studies. CVP results from the dilation of arteriovenous
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anastomoses (AVA) [12, 13]. However, due to the
difficulty in measuring blood flow, the effect of local
temperature on AVA vasomotor activity has been little
studied. Bergersen et al. [14] found that AVAs below
21 °C maintained AVA closure. The frequency of flashes
is related to the overall thermal balance of the body.
In situations where there is a need to conserve heat or
remove heat, the AVAs remain largely closed or open,
resulting in nearly constant low or high blood flow
velocities in the afferent arteries. Synchronous closure
of the AVA is most likely caused by bursts of efferent
sympathetic impulses [15]. The frequency of flashes
is related to the overall thermal balance of the body.
In situations where there is a need to conserve heat or
remove heat. the AVAs remain largely closed or open,
resulting in nearly constant low or high blood flow
velocities in the afferent arteries.

In a thermoneutral situation the AVA spasms two
or three times per minute, causing large and rapid
fluctuations in blood flow velocity in the afferent
arteries. All cutaneous AVAs have synchronous
vasomotion. Fluctuations in blood flow through the AVA
also closely correlate with heart rate (HR) and blood
pressure variations [16]. Local uncontrolled hypothermia
(glove application with ice) is widely used after surgical,
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dental interventions, maxillofacial and plastic surgeries.
Due to the trigeminal nerve’s connection to the vagus
autonomic fibers the face is a potent reflexogenic
zone [17]. Thus, local uncontrolled cold exposure to
facial tissues and close neural connections can lead to
local frostbite [18] and have an overall negative effect.
The present study assessed the impact of moderate local
controlled hypothermia on the human cardiovascular
and respiratory systems.

Materials and methods

Experiment design and patients

The study involved 25 healthy volunteers from the
age of 21 to 34, including 14 males and 11 females. All
subjects were non-smokers, did not have a history of
cold injuries or pathologies of the cardiovascular system,
and did not take any medications on an ongoing basis.
None of the subjects ate food less than 2 hours before
the experiment. There was no alcohol consumption in
the 24 hours prior to the study. The study was carried
out at a constant temperature of 25°C, relative humidity
of 30 £ 5 %, and an atmospheric pressure of 765mm Hg
in silence and moderate illumination.

The study was carried out in the functional
diagnostics room of the Clinical Diagnostic Center of
the Peoples’ Friendship University of Russia (Moscow,
Russia). All patients provided voluntary informed
consent to participate in the study in accordance with
the Declaration of Helsinki of the World Medical
Association (WMA Declaration of Helsinki— Ethical
Principles for Medical Research Involving Human
Subjects, 2013) and consent was taken to the processing
of personal data. The experimental clinical study was
approved by the local ethics committee of the RUDN
University, protocol No. 5 of the meeting of the Ethics
Committee of the RUDN Medical Institute, dated
February 17, 2022.

Local hypothermia measurement
The study subject was placed in a horizontal position
on a medical couch; the sensors of the Bioimpedance
device were fixed on the right ankle and the back of the

PHYSIOLOGY OF STRESS INFLUENCES

hand, the portable device angioscan was put on the index
finger of the left hand; a mercury thermometer was placed
in the right axillary fossa; a local temperature sensor was
brought into the oral cavity.

Local Controlled Hypothermia (LCH) of the
face was carried out by applying an elastic mask to
the subject’s face (Figure 1). The mask had a system
of irrigation tubes connected to the ViThermo device
(Figure 1) (Digital technologies in surgery LLC,
Skolkovo, Moscow), which cooled the liquid and
maintained its circulation. Due to the circulation of
the cooled liquid in the mask. the face was cooled. The
mask covered the parotid-chewing, buccal, zygomatic
and infraorbital regions on the right and left. LCG lasted
50 minutes and the circulating fluid temperature was
18°C. We used a portable temperature sensor in the
vestibule of the oral cavity to control the amount of
cooling of soft tissues.

Fig. 1. Device for controlled hypothermia «ViTherm»

Bio-impedancemetry and angioscanning
Bio-impedancemetry was carried out using the
apparatus «Bioimpedance» (AVS-02 «cMEDASS»,
Russia), the principle of which is based on the
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assessment of the resistance of biological tissues to
direct or alternating electric current. This method is
one of the tools for monitoring the dynamics of the
remodeling of organs and tissues and changes in the
functional state of the whole organism in normal and
pathological conditions.

There are several parameters that can be registered
by bio-impedancemetry, including: fat and muscle
mass, bone mineral mass (kg), body mass index
(BMI), active cell mass (kg), extracellular fluid (kg),
BMR(kcal/m2/day); phase angle; (active and reactance
at a frequency of 50 kHz, extracellular fluid).

Angioscanning was performed with the Angioscan
device (Angioscan, AngioCode Electronics, Russia).
The principle of operation of the device is to diagnose
the arterial wall and the state of endothelial cells using
the Parfenov method (Baskova, I, 2014).

Angioscan allows to register the pulse; blood saturation
(O2 saturation); The pulse pressure index (PPI); vascular
stiffness (—%); curve type (%); systole duration (%); stress
or heart rate variability, calculated according to the Baevsky
index (a physiological phenomenon that manifests itself
in a change in the interval between the beginnings of two
adjacent cardiac cycles), local thermometry carries out
with a temperature sensor.

Angioscannig, Bio-impedancemetry and
thermometry were performed three times: before LCG

during LCG at the 25th minute of the study and then at
the end of LCG at the 50th minute. During the entire
study the study subjects lay relaxed and motionless.

Statistical data processing
Using the methods of descriptive (descriptive)
statistics to evaluate the studied parameters we
calculated the following characteristics: mean, standard
deviation (SD), 95 % CI (confidence interval for the
mean), median, minimum and maximum values. We
used non-parametric tests for statistical analysis: to
compare scores before exposure at 25- and 50-minutes

paired Wilcoxon test for linked samples.

Results and discussion

Anthropometry

The study involved 25 people: 9 girls and 16 men,
Height averaged 173 + 8.38 cm (166 + 5.47 cm in girls
and 176.5 + 7.75 cm in men), weight 71.7 + 15.63 kg
(60.7 £ 12.78 kg for girls and 77.9 + 13.78 kg
for men). The average waist circumference is
81.9 + 10.96 cm (73.2 + 9.83 and 86.8 + 8.39 for
girls and men respectively) and the hip circumference
is 102.6 £ 7.06 cm (100 + 5.79 cm for girls and
104.1 + 7.45 cm for men). Table 1 provides a complete
description of the characteristics.

Table 1
Characteristics of study participants

N Mean SD Cl (-95 %) Cl (+95 %) Median Min Max
Height (cm) 25 173 8.38 169.54 176.46 170 162 190
m. 16 176.5 7.75 172.37 180.63 177 165 190
W. 9 166.8 5.47 162.57 170.98 165 162 180
Weight (kg) 25 71.7 15.63 65.23 78.13 72 50 104
m. 16 77.9 13.78 70.53 85.22 78 53 104
W. 9 60.7 12.78 50.85 70.49 56 50 85
\g?éitmference 25 81.9 10.96 77.35 86.41 85 63 106
m. 16 86.8 8.39 82.28 91.22 87 73 106
W. 9 73.2 9.83 65.66 80.78 70 63 91
Hip circumference 25 102.6 7.06 99.69 105.51 100 86 118
m. 16 104.1 7.45 100.09 108.03 106 86 118
W. 9 100.0 5.79 95.55 104.45 98 95 112
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Bio-impedancemetry

Active cell mass changed insignificantly from 30.5+7.5
to 30.6x7.34 (p=0.35) and up to 31+7.21 kg (p=0.15).
There was a decrease in the indicator «Extracellular fluid»
by an average of 0.23 kg after 25 minutes and 0.3 kg after
50 minutes (p=0.0003 and p=0.0002).

The BMR index changed insignificantly
from 861+ 72.48 (kcal/m2/day) to 863.5+70.03

(kcal/m2/day) (p=0.38) and to 863.7+69.44 (kcal/
m2/day) (p=0.4) after 25 min and respectively at the
end of the study.

Table 2 describes bio-impedancemetry in detail.
Table 3 presents the results of comparing scores at 25
and 50 minutes using the non-parametric Wilcoxon test
for linked samples.

Table 2
Results of bio-impedancemetry

Mean SD Cl (=95 %) Cl (+95 %) Median Min Max
Active cell mass (kg) 30.5 7.50 27.38 33.57 32.3 18.8 458
25 min 30.6 7.34 27.58 33.65 32.3 18.8 45.3
50 min 31.0 7.21 28.05 34.00 33.2 18.9 45.3
Extracellular fluid (kg) 15.8 2.88 14.57 16.95 15.4 11.6 21.3
25 min 15.5 2.72 14.41 16.65 15.2 11.5 20.9
50 min 15.5 2.77 14.32 16.60 15.2 11.4 20.8
BMR(kcal/m2/day) 861.0 72.48 831.05 890.89 852.8 698.6 1004.2
25 min 863.5 70.03 834.63 892.44 862.4 699.7 1001.9
50 min 863.7 69.44 835.04 892.36 862.1 703.8 1002.7
Phase angle 6.8 0.81 6.50 7.17 7.0 4.8 8.2
25 min 7.0 0.80 6.66 7.32 7.0 49 8.4
50 min 71 0.82 6.72 7.39 7.2 49 8.5
Active resistance (50khz) 323.5 63.21 297.41 349.59 314.3 2271 458.9
25 min 332.7 61.75 307.21 358.19 3241 233.7 469.8
50 min 335.0 62.24 309.31 360.69 324.6 236.3 475.6
Active resistance (5khz) 651.7 97.07 611.66 691.80 640.1 484.8 875.7
25 min 669.6 98.19 629.02 710.08 666.9 497.2 897.2
50 min 677.2 99.34 636.24 718.25 674.6 504.3 911.3
Electrical reactance (50kHz) 38.6 5.44 36.39 40.88 37.8 29.5 50.1
25 min. 40.3 5.63 37.95 42.60 40.4 30.4 52.2
50min. 41.0 5.79 38.56 43.34 41.3 30.7 52.9
Electrical reactance (5kHz) 34.7 5.11 32.57 36.79 344 20.9 43.4
25 min 384 9.26 34.58 42.23 36.8 221 73.7
50 min 38.5 5.90 36.10 40.97 38.5 24.0 51.3
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Fig. 2. Reactance readings (5 kHz)

Table 3
Results of the paired Wilcoxon test for linked samples (bio-impedancemetry)
Compared samples n Average Difference (before and after) | SD difference | Cl (=95 %) | Cl (+95 %) | p
Active cell mass (kg)
00 min & 25 min. 19 -0.14 0.62 -0.40 0.12 0.35
00 min Vs 50 min. 21 -0.55 2.05 -1.40 0.30 0.15
25 min Vs 50 min. 17 -0.41 2.03 -1.25 0.43 0.37
Extracellular fluid (kg)
00 min Vs 25 min. 24 0.23 0.28 0.12 0.35 0.0003
00 min Vs 50 min. 25 0.30 0.25 0.19 0.41 0.0002
25 min Vs 50 min. 17 0.07 0.16 0.00 0.13 0.0148
BMR(kcal/m2/day)
00 min Vs 25 min. 24 -2.57 11.61 -7.36 2.22 0.38
00 min Vs 50 min. 25 -2.73 10.88 -7.22 1.76 0.40
25 min Vs 50 min. 23 -0.16 3.50 -1.61 1.28 0.78
phase angle
00 min Vs 25 min. 20 -0.16 0.17 -0.23 -0.09 0.0003
00 min Vs 50 min. 24 -0.22 0.14 -0.28 -0.17 0.0000
25 min Vs 50 min. 18 -0.07 0.08 -0.10 -0.03 0.0074
active resistance (50kHz)
00 min Vs 25 min. 25 -9.20 9.90 -13.28 -5.11 0.0000
00 min Vs 50 min. 25 -11.50 10.55 -15.85 -7.14 0.0000
25 min Vs 50 min. 25 -2.30 3.12 -3.59 -1.01 0.0025
active resistance (5kHz)
00 min Vs 25 min. 25 -17.82 7.90 -21.08 -14.56 0.0000
00 min Vs 50 min. 25 -25.51 10.18 -29.71 -21.31 0.0000
25 min Vs 50 min. 25 -7.69 8.41 -11.16 -4.22 0.0002
Electrical reactance (50 kHz)
00 min Vs 25 min. 24 -1.64 1.05 -2.08 -1.21 0.0000
00 min Vs 50 min. 25 -2.32 1.09 -2.77 -1.87 0.0000
25 min Vs 50 min. 24 -0.68 0.69 -0.96 -0.39 0.0003
Electrical reactance (5 kHz)
00 min Vs 25 min. 25 -3.72 7.00 -6.61 -0.83 0.0004
00 min Vs 50 min. 25 -3.86 3.02 -5.10 -2.61 0.0001
25 min Vs 50 min. 24 -0.13 6.01 -2.61 2.35 0.0010
Electrical reactance(5kHz)
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Fig. 4. Phase angle indicators
Angioscanning rate decreased and averaged up to 65.5+ 8.2 bpm;

differences compared to the background averaged

The response of the cardiovascular system to LCH 4.48 bpm (p <0.009). At the end of the exposure at
of the face was as follows: before the onset of cooling the 50th minute the heart rate averaged 66.5 + 9.45 bpm.
of the face the heart rate averaged 70 + 14.13 beats/min. Oxygen saturation averaged 0.97 + 0.02
During the LCG of the person at 25 minutes the heart (97 % +2 %) (p =0.144).
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INP during the procedure decreased from At 25 minutes after the experiment’s start the systole
0.025+0.02 to 0.015+ 0.01 after 50 minutes (p=0.015). duration decreased from 32.3 +3.89 to 31.6 +3.78
Hardness before cooling was on average —0.150 £ 0.15, (p=0.135), then remained at the achieved level and
after 25 minutes it became —0.206 + 0.12 (p=0.004) slightly changed.
and after 50 minutes it was —0.200 +0.1 (p =0.029).

Table 4
Results of angioscanning
Compared samples N Average SD Cl (=95 %) Cl (+95 %) Mediana Min Max
Pulse (bpm) 25 70.0 14.13 64.13 75.79 69 47 120
25 min. 25 65.5 8.20 62.10 68.86 66 45 80
50 min. 25 66.5 9.45 62.58 70.38 64 46 85
02 (%) 25 0.9709 0.0179 0.9635 0.9783 0.976 0.918 0.998
25 min. 25 0.9711 0.0156 0.9647 0.9775 0.971 0.933 0.999
50 min. 25 0.973 0.0160 0.9667 0.9799 0.979 0.933 0.999
(PPI) (%) 25 0.025 0.0203 0.0165 0.0332 0.020 0.004 0.080
25 min. 25 0.019 0.0172 0.0118 0.0259 0.012 0.002 0.066
50 min. 25 0.015 0.0133 0.0093 0.0203 0.010 0.002 0.052
Age(year) 25 35.0 8.6192 31.4022 38.52 35 20 55
25 min. 25 29.6 8.1142 26.2106 32.91 32 18 45
50 min. 25 28.9 6.9601 26.0070 31.7530 27 18 41
Stiffness(—%) 25 -0.150 0.1515 -0.2124 -0.0873 -0.202 -0.384 0.251
25 min. 25 -0.206 0.1234 -0.2574 -0.1555 -0.244 -0.372 0.053
50 min. 25 -0.200 0.0995 -0.2409 -0.1588 -0.226 -0.355 0.022
duration. systoles (%) 25 32.3 3.89 30.67 33.89 34 23 38
25 min. 25 31.6 3.78 30.00 33.12 32 24 36
50 min. 25 31.6 4.09 29.95 33.33 32 23 37
Table 5
Results of the paired Wilcoxon test for related samples (Angioscannig)
Compared samples n Average difference (before and after) SD difference Cl (=95 %) Cl (+95 %) p
Pulse(bpm)
00 min. Vs 25 min 23 4.480 10.532 0.133 8.827 0.009
00 min. Vs 50 min 21 3.480 11.875 -1.422 8.382 0.102
25 min. Vs 50 min. 20 -1.000 4.252 -2.755 0.755 0.391
02(%)
00 min. Vs 25 min 21 -0.011 0.053 -0.033 0.011 0.728
00 min. Vs 50 min. 21 -0.013 0.054 -0.035 0.009 0.144
25 min. Vs 50 min. 20 -0.002 0.007 -0.005 0.001 0.065
(PPI) (%)
00 min. Vs 25 min. 25 0.006 0.014 0.000 0.012 0.041
00 min. Vs 50 min. 23 0.010 0.017 0.003 0.017 0.015
25 min. Vs 50 min. 24 0.004 0.008 0.001 0.007 0.015
Age(year)
00 min. Vs 25 min. 23 5.400 8.196 2.017 8.783 0.001
00 min. Vs 50 min. 25 6.080 8.655 2.507 9.653 0.000
25 min. Vs 50 min. 22 0.680 4.327 -1.106 2.466 0.485
Stiffness (=%)
00 min. Vs 25 min. 25 0.057 0.136 0.000 0.113 0.004
00 min. Vs 50 min. 24 0.050 0.115 0.002 0.097 0.029
25 min. Vs 50 min. 24 -0.007 0.072 -0.036 0.023 0.054
Duration. systoles (%)

00 min. Vs 25 min. 20 0.720 4.287 -1.050 2.490 0.135
00 min. Vs 50 min. 21 0.640 4.281 -1.127 2.407 0.434
25 min. Vs 50 min. 17 -0.080 2.914 -1.283 1.123 0.758
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End of the table 5
Compared samples n Average difference (before and after) SD difference Cl (=95 %) Cl (+95 %) p
Stress
00 min Vs 25 min. 25 3.720 35.511 -10.938 18.378 0.819
00 min Vs 50 min. 23 15.320 44.782 -3.165 33.805 0.121
25 min Vs 50 min. 24 11.600 34.693 -2.720 25.920 0.054
Oxygen saturation (O5)
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Fig. 5. Oxygen saturation Indicators
Fig. 6. The duration of systole
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Fig. 7. The pulse rate

Thermometry

In the study group the minimum general temperature
at the beginning of the study was T°=35.2° at 25 minutes
T%=35.3° and at 50 minutes 34.9° in the beginning of the
study. The maximum general temperature was T°=36.8°
and at 50 minutes T%= 37.0° at 50 minutes T*°-36.8°.
The average general initial temperature of the subjects
fluctuated within the limits of T°=36.2° after 25 minutes
T2°=36.3; at 50 minutes T>°general=36.2°. There is a
fluctuation in the value of the average total temperature
in the amount of + 0.1 ° for 50 minutes (Table 1).

In the study group the minimum local temperature
at the beginning of the study was T°=35.2° at 25 minutes

T25= 35.3° at 50 minutes 34.9°. The maximum general
temperature at the beginning of the study was T°=36.8°
after 25 minutes T?°= 37.0° and at 50 minutes T*-36.8°.
The average general initial temperature of the subjects
fluctuated within the limits of To°=36.2°. At the 25th
minute T?°=36.3; at 50 minutes T>local=36.2°. There
is a decrease in the average temperature of the subjects
by 0.4° for 50 minutes.

The average local initial temperature of the buccal
mucosa in the subjects fluctuated within T° =35.3° at
25 minutes T?=35.0°; at 50 minutes T*°=34.9°. Over
50 minutes the average temperature decreased by 0.4°.

Table 6
Results of thermometry
N Mean SD Cl (=95 %) Cl (+95 %) Median Min Max
Tg 25 36.2 0.48 35.99 36.39 36.3 35.2 36.8
25 min. 25 36.3 0.48 36.13 36.53 36.4 35.3 37.0
50min. 25 36.2 0.55 36.00 36.45 36.4 34.9 36.8
T. nok. 25 353 0.57 35.04 35.51 35.5 34.0 36.0
25 min. 25 35.0 0.94 34.66 35.43 35.0 331 36.5
50min. 25 349 0.95 34.48 35.26 35.0 32.9 36.4
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0 min.

Fig. 9. Local temperature

25 min.

~ Mean, Median, U 95%CI, T MeantSD,

50 min.

Outliers

Table 7
Results of the paired Wilcoxon test for related samples (Thermometry)
. Cl Cl
n mean difference SD ~959% +05 9 p
General temperature
00 min Vs 25 min. 21 -0.14 0.29 -0.26 -0.02 0.03
00 min Vs 50 min. 17 -0.03 0.32 -0.16 0.10 0.33
25 min Vs 50 min. 18 0.11 0.22 0.02 0.20 0.07
Local temperature
00 min Vs 25 min. 24 0.23 0.75 -0.08 0.54 0.28
00 min Vs 50 min. 25 0.41 0.82 0.07 0.75 0.06
25 min Vs 50 min. 24 0.18 0.51 -0.03 0.39 0.09
General temperature (°C)
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Fig. 8. General temperature
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Discussion

Close neuronal connections between the trigeminal
nerve and the vagus, which regulates the vital activity
of internal organs, determine the presence of trigemino-
vagal reflexes (oculo-cardiac, corneal, jaw, lacrimal
reflexes). The spinal trigeminal nucleus of the trigeminal
nerve receives and processes impulses from temperature
receptors. Nevertheless, in the available literature we did
not find data for the presence of pathological reflexes
associated with temperature exposure to the face.

Excessive cooling of local tissues can lead to
decompensation of the inflammatory response after complex
extractions of third molars. The critical temperature for
changing nerve impulse speed is 27 °C [19]. A decrease
in tissue temperature suppresses the metabolic rate of the
damaged tissue and enzymatic processes [20].

Zachariassen [21] reported that a 10 °C decrease
resulted in a 50 % reduction in enzymatic metabolism. In
this study we used a mode with a target temperature of
18 °C, which is more optimal for reducing postoperative
edema in the maxillofacial region. The time at which
local hardware hypothermia was applied was 50
minutes. In vivo Deal et al. [22] noted in rats that ice
application for 20 minutes after surgery reduced vascular
permeability and edema.

The edema of post-injury rats was reduced
by 30 minutes of immersion in cold water (12.8 to
15.6 °C) [19, 22]. However, for use in the subjects it
was decided to perform hypothermia for 50 minutes,
which is reasonable.

Several studies have evaluated the effect of
cryotherapy on mucosal ridge temperature. Possoff
found that cheek thickness varied between 10 and 19
mm among patients, with an average thickness of 15
mm. He noted that after applying ice to the cheek, the
temperature of the mucosa was inversely proportional
to the thickness of the cheek. When applying an ice
bag wrapped in a towel and applied to the cheek for 30
minutes, the temperature of the mucous membrane of the
alveolar ridge decreased on average by only 1 °C [23],
which is consistent with the results of our preclinical
studies, Intraorally. Fouke et al. demonstrated that cold
buccal stimulation (a cold cylinder filled with liquid
for 12 minutes) decreased oral mucosal temperature by
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2.34 °C [24]. According to other researchers, applying
cold water or ice [26] has virtually no effect on the
mucosal temperature of the alveolar ridge mucosa.

It was of primary interest to obtain data on tissue
resistance. An increase in active (at a frequency of
50 kHz) and reactive (at a frequency of 50 kHz)
resistance was revealed, which indicates a decrease in
the degree of tissue hydration and can be interpreted
as an anti-edematous effect of local hypothermia.
Reactance is the property of storing variable electrical
energy in the form of an electric field. This Reactance
is due to the dynamic characteristics of cell membranes,
which act as an electrical capacitor [27]. Cell membrane
capacity can be used to indicate lean and intracellular
body mass associated with extra- and intracellular water
balance [28]. This parameter of bio-impedancemetry
allows practitioners to consider the volume and reactive
density of body tissues to assess the amount of fluid.

Clinically, the most indicative and general
parameter of bio-impedancemetry is the phase angle
required for diagnosis and clinical prognosis associated
with changes in the integrity of cell membranes and
changes in fluid balance in the human body [29]. The
phase angle expresses changes in the permeability of
the cell membrane and the degree of tissue moisture.
Therefore, the phase angle depends on the one hand on
the capacitive behavior of dependent tissues associated
with the cell pool cell size and cell membrane integrity,
and on the other hand on its resistance to tissue
hydration. Many clinical trials are currently underway, in
which the phase angle is proposed as a useful prognostic
marker [30, 31, 32]. In this experimental work the
phase angle was within the reference values at all time
points (0.25.50 minutes), which indicates the absence
of negative effects of LCH.

Active cell mass is a measure of body cell mass.
This indicator contains information about the mass of
metabolically active tissues in the body. Decreased
values of the active cell mass may indicate a lack of
protein nutrition, as well as low metabolic activity.
Active cell mass changed insignificantly from 30.5+7.5
to 30.6+£7.34 (p=0.35) and up to 31+7.21 kg (p=0.15),
which indicates the absence of acute pathological factors
from the side of LCH at all time intervals.
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Edema is the result of an imbalance in the filtration
system between the capillary and interstitial spaces. The
kidneys play a crucial role in regulating extracellular
fluid volume by regulating sodium and water excretion.
The main causes of edema are venous obstruction
increased capillary permeability and increased plasma
volume caused by sodium and water retention [33]. Our
results showed a decrease in the extracellular fluid index
by an average of 0.23 kg after 25 minutes and 0.3 kg
after 50 minutes (p=0.0003 and p=0.0002). This fact
dictates the positive effect of LCH within 50 minutes.
In our opinion a gradual decrease in the extracellular
fluid index indicates a positive vasoconstrictor, as well
as a drainage effect of LCH due to the thermal control
of local tissues.

The definition of hypothermia is a drop in body
temperature below 35 °C. Cardiac surgeons distinguish
four stages of hypothermia: mild, moderate, deep
and profound. The organ protection afforded by
deep hypothermia ensures safe circulatory arrest as a
precondition for cardiac surgery [34].

The brain consumes about 20 % of all oxygen
in the body [35]. With a gradual decrease in body
temperature, chemical reactions, oxygen consumption
and energy requirements decrease. The main protective
effect of LCH during circulatory arrest at the cellular
level is to reduce the concentration of hydrogen ions.
Physical temperature decrease, water dissociation and
consequently lower concentration of hydrogen ions
significantly slow down biochemical processes, which
leads to cell death [36].

This is consistent with studies demonstrating that
intracellular acidosis occurs first in the brain, then in
the heart and finally in other organs [37]. Mezrow in his
study, found that a 10 °C decrease in body temperature
reduced brain metabolic activity by a factor of 4 and
thus increased ischemia tolerance [38]. For only
5 minutes after which irreversible changes occur in
the brain. Our study wants to note a gradual decrease
in heart rate to safe values. Initially the average pulse
rate for the subjects was 70 + 14.13 beats/min. After
applying LCG at 25 minutes it decreased to the mark
and averaged 65.5+8.2 bpm; differences compared to
the background averaged 4.48 bpm (p<0.009). At the
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end of the exposure at the 50th minute the heart rate
averaged 66.5+9.45 bpm. A decrease in heart rate is
associated with a slowdown in metabolic processes in
the body due to various factors: the recumbent position
of the subjects, which led to a drowsy state, the use
of LCH, and a decrease in cellular metabolism due to
controlled angiosperm.

At the same time the INP index decreased from
0.025+0.02 to 0.015£0.01 after 50 minutes (p=0.015).
Oxygen saturation averaged 0.97 + 0.02 (97 % + 2 %)
(p=0.144). Peripheral vascular stiffness before cooling
was on average —0.150 + 0.15 after 25 minutes it became
—0.206 £ 0.12 (p = 0.004) and after 50 minutes it was
—0.200 + 0.1 (p = 0.029). An increase in vascular
stiffness is associated with an increase in the tone of
the muscle layer, resulting in a decrease in temperature.
The duration of systole 25 minutes after the start
(decreased) decreased from 32.3+3.89 to 31.6+3.78
(p=0.135), then remained at the achieved level changed
slightly. The human brain is subject to self-regulatory
mechanisms that link cerebral blood flow to brain
oxygen consumption and metabolic activity. As a
result, this allows stopping blood circulation safely
with normothermia for only 5 minutes, after which
irreversible changes occur in the brain tissues.

Conclusion

Our study demonstrated that exposure to local
controlled hypothermia of 18—20 °C did not change
the principal vital signs in healthy people, while a
decrease in tissue hydration was recorded. The revealed
physiological effect of local hypothermia justifies using
this temperature regime to reduce postoperative edema.
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BnusiHue nokasibHOMN annapaTHoﬁ rmnoTepmMmum
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AHHOTanusA. AKmyaabHocmb. X0/10[,0Bast Ba30WISATaLs SIB/ISIETCS] OTBETHOM peakijiel Ha CHWKeHHe TeMITepaTyphbl
Kak JIOKaJIbHOM, Tak ¥ o61weil. [Jo3upoBaHHast KOHTPO/IUpYyeMasi TUIIOTePMUS SIBJISIETCS TepareBTHUYeCKUM MeTOZOM JIeueHHsT
Pa3/IMYHBIX MAaTOJIOTMYeCKUX MporieccoB. Mamepuanbl u MemoObl. B Haltiem vcciieZjoBaHAM Mbl TIPOAHAIM3MPOBAH pa3/IMuHble
TIOKa3are/y 00IIero COCTOSIHUS OpraHM3Ma uesioBeKa T10/, BO3/elCTBHEeM JIOKaIbHOM KOHTPOJIMPYeMOH TurotepMud. B uccieno-
BaHWM yuaCTBOBAJIU 3/I0POBbIe JOOPOBO/BIBI B KOJIMUeCTBe 25 ueoBek, My»xckoro (14) u >kenckoro (11) rmona B Bo3pacte ot 21
10 34 net. ViccneoBaHye IPOBOAWIM B KaOWHETe TIPU MOCTOSIHHOM Temrieparype 25 °C, 0THOCHUTeNbHOU BiakHOCTH 30 5 %,
arMocdepHOM f1aBieHUH 765 MM PT. CT., B THLIMHE ¥ yMEPEHHOU 0CBeIlleHHOCTU. IHCTpyMeHTaMU OL[eHKU SBJISIMCE 6HO-
MMIIeZaHCHMeTPHs, aHTMOCKaHUPOBaHHe, a Takxke 001as TepMoMeTpusi. Takke Oblia MpoBejeHa JI0KaIbHasi TEPMOMETPHS
C/TU3UCTOM 000/IOUKY I1IEKH JI/IsI BBISIBJIEHNS] TEMIIEPATYPHBIX KOPPEJISLUN MeX/y JIOKabHOW TUTIOTEPMUEH U TeMIlepaTypoi
C/T3UCTOM 11eKU. JIoKa/ibHast KOHTPO/IpyeMasi TUIoTepMUust JIMLIA TIPOBOH/IaCh Halo)KeHHeM YIIPYT0-3/1aCTHYHOM MacKH Ha JIML0
WCTIBITYEeMOT0, OXJIaXKAAIOIIeMY >KUAKOCTE U TOAJep>KUBaOLeMy ee IMPKY/SIL0 arnaparoM ViTherm. 3a cuet 1jupKynsimy
OXJIK/IEHHOM JKMKOCTH B MacKe, POMCXOZIMIIO OX/IaXKJeHue uria. Macka nepeKkpbiBajia OKOJIOYIITHO-KeBaTe/IbHY10, LIIeUHYIO.
CKYJIOBYIO U TIOJT/Ia3HUYHBIe 06/1aCTH CripaBa U cJieBa. JIoKasbHast KOHTPOJIpYeMasi TUTIOTepMUs A/raack 50 MUHYT, TeMIle-
paTypa OUPKYIUpYIoLLel )KUAKOCTH cocTaBsiia 18°C. Pe3yabmambi u 06cyscoeHue. Hamu ObLIO BLISIBIIEHO, UTO BO3JEeHCTBIE
JIOKaJibHasi KOHTposmpyeMasi ruriotepmusi 18—20 °C He U3MeHsJI0O 0CHOBHBIX TIOKa3aTesiell )KU3HeJessTeTbHOCTH Y 3Z0POBBIX
JIFOZlell: aKTUBHasI KJIETOUHAsi Macca, peakTHBHOe COIPOTHBIIEHHE, BHEK/IETOUHAS XKU/JKOCTh, HACHIIL{EHHOCTb KHCIOPO/OM,
JUJTATEeNTBHOCTD CUCTOJIBI, My/IbC, 001ast Temreparypa. I1pu 3ToM OBLIO 3aperuCTpUPOBaHO CHKEHUe IU/paTaldy TKaHei.
BrisiBieHHOE (U3H0IOTHYECKOe BIUSIHUE JIOKAJIbHON rUIOTEPMU 000CHOBBIBAET UCTI0/b30BAHHE JaHHOTO TEMITePaTyPHOTO
pe’KuMa JijIsi CHIDKEHHMSI 110 CJ/Ie0TIePaLOHHBIX OTeKOB. Bbigodbl. B cuity oTcyTCTBUS OTpULIaTeIbHBIX 3G ¢eKTOB J0KaIbHON
KOHTDPOJTUPYeMOU THUIOTePMUY Ha TOKa3aTesi KU3HelesTeJIbHOCTH OpraHu3Ma Ye/ioBeKa, aKTyalbHa pa3paboTKa U prMeHeHHs!
JJAHHOTO MHCTPYMEHTA B KIMHWYeCKOH NPAaKTHKe, B TOM YHC/Ie XUpypra CTOMaroJiora.

KnroueBble ¢JIOBa: JIOKaIbHasl TUTIOTEPMHUS, OMOMMITeJaHCOMETPHSI, aHTUOCKaHUPOBaHWe, TEPMOMETDHS

Bxnap aBropos: ['yceiiHoB H.A.—npoBeieHre SKCIIePUMeHTa, HalllcaHue TeKCTa CTaThby, ITOWCK JINTePaTyphbl, aHa/IU3 JINTe-
partypsl; XamMmopu M.X.—mnpoBeJjeHre 3KCIIePUMeHTa; aHa/In3 U MOUCK uTepaTtypel; MypaeB A.A.—KOppeKLUsl CTPYKTYpPbI
U cofiep>KaHus TeKcTa 0630pa, HamrcaHve BeiBOZAOB; ViBaHOB C.HO.— KOppeK1yst CTPYKTYPBI U COZiep>KaHus TeKCTa 0630pa,
HarMcaHue BbIBOJ0B; JIykbsiHOBa E.A.— cTaTuCcTHYeCKUi aHaau3, HarvcaHue Tekcra ctaTbi; Kimivenko A.C.— Koppekuys
CTPYKTYPHI U COZlep>KaHUs TeKCTa 0630pa, HanrcaHue BeIBOZOB; Hovpasmuru M.— niepeBof; 1 KOPpPeKLHs CTPYKTYPBI U CO-
Jlep)KaHUs TeKCTa CTaThbH. Bce aBTOPBI BHEC/H CYILeCTBEHHBIN BK/Ia/, B MOATOTOBKY CTaThH, TIPOWIH U 0f00pPWIN (GUHATEHYIO
BepCHIO repes myOKaLyei.

Hudopmanus 0 KOHGIMKTe HHTEPeCcoB. ABTOPHI 3asB/ISTFOT 00 OTCYTCTBUY KOH(JIMKTa UHTEPECOB.
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HudopmuporaHHoe coriacue Ha My0IMKanuo. Bce naryeHThI pejoCTaBUIH 100pOBOIbHOE HHOPMUPOBAHHOE COTTIaCHe
Ha y4acTHue B UCC/IeJOBaHUU B COOTBETCTBUM C XeJIbCUHKCKOU AeK/iapalueil BceMupHoOW MeJULIMHCKOM accouyaluu (XenbCHHK-
cKas geksapaiusi WMA — 3TrhuecKue NPUHLUIBI IPOBeJieHUs1 MeIMLIMHCKUX UCCJIeJ0BaHUM C yyacTheM uesoBeka, 2013 )
Y coriacre Ha 06paboTKy MepCoHa/IbHbBIX JaHHBIX.

JTHYECKOe yTBepKAeHHe. DKCIIepUMEeHTAIbHO-K/IMHIYeCKOe UCC/IefioBaHKe 0fl00peHO JIOKa/IbHBIM KOMUTETOM 110 3THKe PYTH,
ripotokon Ne 5 3aceganusi Komurera no atike MeaunmHckoro nHetutyTa PYIH ot 17 deBpans 2022 1.
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Rat adrenal medulla modular organization

Konstantin G. Kemoklidze 8, Natalia A. Tyumina

Yaroslavl State Medical University, Yaroslavl, Russian Federation
PN K_G_K@mail.ru

Abstract. Relevance. The concept of the tissue morpho-functional units (modules) of the adrenal medulla is currently
not fully developed for adrenaline-storing (A-) cells and completely undeveloped for noradrenaline-storing (NA-) cells. Aim.
Separately for A- and NA-cells, establish modules in adrenal medulla based on criteria developed by fundamental histology.
Materials and Methods. The study used serial, semithin, and ultrathin sections of the adrenal glands, 7—9 pm thick, from 6
adult male Wistar rats (weight 335 + 25 g). The sections were stained according to the Honoré method with additional staining
with toluidine blue, which allows one to reliably distinguish between A and HA cells in the medulla. A cells are stained blue and
HA cells are stained green. Light and electron microscopy was used to visualize serial, semithin, and ultrathin sections of the
adrenal glands of adult male rats with A- and HA-cell differentiation. Results and Discussion. A-cells formed round clusters,
in which they were located in one layer on the basement membrane. Their lateral sides closely adjoined each other, while the
inner sides (the central part of the complexes) formed intercellular expansions, microprotrusions, and primary cilia. Less firmly
pressed NA-cells formed polyhedral beams. Both types of cell complexes were associated with auxiliary components (stromal,
nervous, circulatory, etc.). The central expansions of A-cell round clusters apparently to serve to retain some of the already
produced adrenaline, which increases the readiness of the medulla to rapidly release large amounts of adrenaline in case of
hyperacute stress. Accordingly, the adherence of A-cell complexes to a rounded shape is determined by the need to create such
central isolated storage expansions. NA-cells are located more freely and do not form isolated intercellular expansions. This
allows NA-cells to wedge between stably round A-cell complexes and form polyhedral beams as a result. Conclusion. It was
found that the rat adrenal medulla contains two logically and morpho-functionally distinct types of specific modules. A-module
are A-cells rounded cluster and NA-module is polyhedral NA-cells beam, both associated with auxiliary components.

Keywords: adrenal medulla, chromaffin cells, adrenalocyte, noradrenalocyte, modules, morpho-functional units
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Introduction

From the point of view of fundamental histology,
specific tissue modules of an organ (hereinafter simply
modules) are its morpho-functional units, which are the
smallest (elementary) repetitive tissue systems capable
of performing a function specific to this organ. Such
modules consist of a main component that ensures the
performance of a function specific to an organ, and a
complex of auxiliary (supporting, trophic, regulatory,
and immune) structures that create the necessary
conditions for its functioning [1—3]. In turn, auxiliary
components can be mandatory and optional. Mandatory
auxiliary components are an integral part of the module
both morphologically and functionally. The presence
of optional components is of an irregular nature and
is not of fundamental importance for the organization
of the module.

Concept of modules implies the structure and
function of individual cells strongly depend on their
role and place in the module. The importance of the
modular concept is confirmed by the fact that the
study of organs, the idea of modules in which has
long been established (kidney nephrons, lung acini,
liver lobules, etc.), invariably implies an appeal to the
state of these important structural complexes, both in
the norm and in pathology. At the same time, the idea
of the modules of the adrenal medulla has developed
only partially. Usually, when describing its structure
in the scientific and educational literature, modules
are either not mentioned at all or vague and highly
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varying formulations are used about the existence of
certain cellular complexes in it. Such a simplifying
approach impoverishes the understanding of both the
structure and function of the adrenal medulla, which
is an important part of the sympathoadrenal system
and plays a key role in the body’s adaptation to stress.
Accordingly, the question of the modules of the adrenal
medulla needs significant improvement. A convenient
object in this respect is the medulla of adult laboratory
rats, since their medulla has been studied in the most
detailed and versatile way.

Main component of the adrenal medulla is
chromaffin tissue. This tissue makes up about 60 % of
the adult rat medulla. Blood vessels occupy about 25 %
(mainly due to extensive thin-walled venous sinuses)
in the medulla, and connective tissue, nerve and other
components divide the remaining volume [4, 5]. Two
main subpopulations of chromaffinocytes form rat
chromaffin tissue: adrenaline-storing and noradrenaline-
storing cells (A-cells and NA-cells). A third type of
chromaffin cells, small granule containing (SGC) cells,
has also been described in the rat adrenal medulla.
Perhaps these cells are an intermediate form between
neurons and chromaffinocytes or a variant of small
intensely fluorescent (SIF) ganglion cells [6—10]. One
way or another, these cells in the adrenal medulla of
the rat are very few in number and they cannot serve
as the structural basis for the required modules.

Hillarp [11] is believed to have first raised the
question of the functional units of the adrenal medulla.
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He drew attention to the fact that the chromaffinocytes
of the rat adrenal medulla reacted to the introduction of
insulin by degranulation not singly, but in complexes.
Some complexes remained non-degranulated even
under very strong exposure. With partial transection
of the celiac nerve, some cell complexes degranulated
only partially. Hillarp suggested each neuron innervates
a limited number of cells, which combine into one
or possibly several complexes and thus can respond
as functional units. Later, the reaction according
to the type of functional units was confirmed
by electrophysiological methods by Iijima and
coauthors [12], and Kajiwara awith coauthors [13].
The authors determined the morphological parameters
of these units. Their diameter is about 80 pm. Each
contains approximately 100 cells and 4 nerve fibers.
Each cell has 1 to 4 synapses. Martin, showed that
chromaffinocytes are united into functional units not
only by common innervation, but also by gap junctions
that transmit impulses within it [14]. Unfortunately, in
these very interesting works, complexes of A- and NA-
cells, which differ very significantly both functionally
and morphologically, were not differentiated. Also,
the ultrastructural principles of the organization of
chromaffinocytes into modules are poorly covered
in the literature and there are no explanations for the
reasons for the modular organization of the adrenal
medulla.

The present work is devoted to the establishment of
modules in the adrenal medulla of rats on the basis of
clear criteria developed by fundamental histology. We
will also pay more attention to the differences between
the complexes of A- and NA-cells.

Materials and methods

In the spirit of modern trends in the protection of
animals and the environment, collection preparations
were used for histological examination: serial sections
of 7—9 pm thick adrenal glands of 6 adult male Wistar
rats (8 months old, 335 + 25 g weight). These sections
were stained according to the method of Honoré [15]
with additional staining with toluidine blue, which
makes it possible to reliably distinguish between A-
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and NA-cells in the medulla. A-cells are stained blue,
and NA-cells are green. The preparation procedure for
preparations of this collection is described in detail in
our recent publication [16].

For transmission electron microscopy (TEM), we
used 6 adult male Wistar rats with similar parameters
(8 months old, 343 + 18 g weight). The handling
of animals was in accordance with national and
international legal standards: Order of the Ministry
of Health of the Russian Federation No. 199n dated
01.04.2016 and Directive 2010/63/EU of the European
Parliament and Council dated 22.09.2010. After
euthanasia of the animals with the anesthetic zoletil,
we removed the adrenal glands, fixed with 2.5 %
glutaraldehyde and 1 % osmium tetroxide, embedded
in epon, and prepared semi-thin and ultra-thin sections.

We stained the semithin (1 pm) sections for
light microscopy with 1 % methylene blue and
contrasted the ultrathin sections for TEM with
uranyl acetate. Classical for TEM fixation of
samples in glutaraldehyde and post-fixation in
osmium tetroxide allows reliable differentiation of
different types of chromaffin cells. A-cells contain
homogeneous granules of moderate optical and
electron density, while NA-cells contain granules
with an asymmetrically located core of high optical
and electron density [17, 18]. We used a transmission
electron microscope JEM-1011, JEOL Ltd.

We loaded photographs of randomly selected
sections into ImageJ (freeware), detected complexes
of A- and NA-cells and calculated their sizes: linear
dimensions and cross-sectional area (40 measurements
for each of 6 animals).

Results and Discussion

The adrenal medulla contained complexes of
chromaffin cells and auxiliary components. The structure
of these complexes for A- and NA-cells differed
significantly both at the light-optical and ultrastructural
levels.

A-cells formed round clusters (RCs) separated by
thin layers of connective tissue (Figs. 1, 2, 3). The area
of such RCs was 2316.9 + 356.6 pm?.
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Fig. 1. Fragment of a full-size photograph (scan) of one of the serial sections of an adult rat adrenal gland. C — cortex, M —
medulla, ACRC — adrenalocyte rounded clusters, NACB — noradrenalocyte beams, VS — venous sinus, Cp — capillaries,
Nr — neuron, ICC — intercellular contacts. Honoré staining, 20x objective High-resolution scan shown in Figure
1: https://drive.google.com/file/d/10DKasT976MJiQKUvqj0juaQLLWUI6fBb/view?usp=sharing

Tracing the contours of individual RCs on serial
sections and looks of RCs at different angles showed
that their shape in volume tended to be ellipsoidal.
Many of them formed anastomoses with each other.
In any form of RC, the distance from its periphery to
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the center is equal to the size of one A-cell. The shape
of A-cells is predominantly pyramidal or columnar.
Their outer side was oriented to the periphery of the
RC and was in contact with the basement membrane
(Figs. 4a, 7a), and their inner side was oriented to the
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center of the RC and was in contact with the inner
sides of other A-cells. The lateral sides of A-cells
were connected by interdigitations and desmosomes
(Fig. 4b, c). In the central part of the RC, slit-like spaces
and expansions with a diameter of 0.5 to 2 pm formed
between neighboring A-cells. The transition between
such expansions and simple intercellular junctions
was quite sharp, so the expansions on sections had
angular outlines (Figs. 3, 4c, 7b). Cellular protrusions,

nerve fibers, and synaptic endings could be found in
the expansions (Fig. 4c, 7b). Some cells were provided
with cilia. The cilia had a basal body with many laterally
oriented basal peduncles. The rods of the cilia were
oriented to the intercellular spaces into which their
terminal parts protruded. The bases of the cilia shafts
are located in membrane pockets (Fig. 4c). By structure,
these were primary cilia. Thus, A-cells had a polar
structure.

Fig. 2. Semi-thin (1 um) section of the adrenal medulla of an adult rat. ACRC — adrenalocyte rounded clusters, NACB —
noradrenalocyte beams, VS — venous sinus, Cp — capillaries, FB — fibroblasts, NF — nerve fibers, EnC — endotheliocyte, ErC —
erythrocyte, ICC — intercellular contacts. Methylene blue staining, 100x oil immersion objective

Complexes of NA-cells on sections looked like
angular islands (Fig. 1, 2).

Even light microscopy, especially on semithin
sections, showed that NA-cells differed from A-cells
in a lower density of bonds, and also that the shape
of NA-cells was multifaceted, without polarity in
structure (Fig. 1, 2). TEM shows this even more clearly
(Fig. 5). The sites of contact between NA-cells were an

PHYSIOLOGY OF STRESS INFLUENCES

alternation of simple junctions, desmosomes, slit-like
spaces, and characteristic ampulla-shaped extensions
0.5—0.8 pm in diameter. In intercellular spaces, often
very wide, one could find elongated cellular protrusions,
nerve fibers and synaptic endings. Some groups of NA-
cells are separated from others by thin layers of loose
connective tissue, which are associated with fibroblasts
that lie in the thickness of the islets.
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Fig. 3. Transmission electron microscopy of an adrenaline module of the rat adrenal medulla. ACRC — adrenalocyte rounded
clusters, NACB — noradrenalocyte beams, VS — venous sinus, Cp — capillaries, FB — fibroblasts, NF — nerve fibers,
EnC — endotheliocyte, ErC — erythrocyte, ICE — intercellular expansions, ICS — intercellular slits, Cil — cilium,
B — boundary between neighboring ACRCs, CC — cortical cell
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Fig. 4. Transmission electron microscopy of the adrenalocyte rounded cluster in the area indicated with red dotted lines on
the Figure 3. Cp — capillary, NF — nerve fibers, N — nucleus, ICE — intercellular expansions, ICS — intercellular slits, Cil — cilium,
BM —basement membrane, PCS — pericapillary space, AG — adrenaline granules, ID — interdigitations, DS — desmosomes, SIJ —
simple intercellular junctions The area of such islands was 2707.7 + 402.9 um?. Tracing the islets on serial sections showed that
they looked like irregularly shaped polyhedrons and formed anastomoses with each other.
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Fig. 5. Transmission electron microscopy of a noradrenaline module of the rat adrenal medulla

NACB — noradrenalocyte beam, ACRC — adrenalocyte rounded clusters, Cp —capillaries, VS — venous sinus,
FB — fibroblasts, UMNF — unmyelinated nerve fibers, EnC —endotheliocyte, ICE — intercellular expansions,
CC — cortical cell, PVS —perivascular spaces.
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Fig. 6. Transmission electron microscopy of the noradrenalocyte beam in the area indicated with red dotted lines on the Figure 5.
NF — nerve fibers, N — nuclei, ICE — intercellular expansions, ICS — intercellular slits, PVS — perivascular space,
NAG — noradrenaline granules, DS — desmosomes, SIJ — simple intercellular junctions, MC — mitochondria
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Fig. 6. Transmission electron microscopy of some additional structural details of adrenaline and noradrenaline modules of the
rat adrenal medulla. AC — adrenalocytes, NAC — noradrenalocytes, Cp — capillaries, FB — fibroblasts, MNF — myelinated nerve
fibers, UMNF — unmyelinated nerve fibers, ICE — intercellular expansions, ICS — intercellular slits, N — nuclei, ICS — intercellular
slits, BM — basement membrane, CF — collagen fibers, SIJ — simple intercellular junctions, MC — mitochondria, RER — rough
endoplasmic reticulum

Consideration of the tissue components at the
angle of their role and place in the module makes it
possible to form a more complete picture of the modular
organization of the adrenal medulla.

Capillaries and venous sinuses were located on the
periphery of the complexes of chromaffin cells. The
perivascular spaces were well developed. Microvessels
braid the modules from the outside, but do not penetrate
inside. Numerous myelinated and non-myelinated nerve
fibers also lay between the complexes of chromaffin
cells (Fig. 2, 3, 5, 7d, e).

The cytoplasm of A- and NA-cells, in addition
to the usual cellular organelles (rough and smooth
endoplasmic reticulum, mitochondria, Golgi apparatus,
vesicles, vacuoles, etc.), contained numerous specific
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chromaffin granules. Adrenaline granules had a regular
symmetrical shape and medium or high electron density,
while noadrenaline granules had the form of bubbles with
eccentrically located clots of high electron density. The
endoplasmic reticulum was located near the nuclei, the
rest of the organelles and secretory granules were evenly
distributed throughout the cytoplasm (Fig. 4, 6, 7a).
Based on the above definition of the module, in
order to establish the fact that a particular tissue complex
is a module of a given organ, it is necessary to check
it for compliance with three basic criteria: specificity,
repeatability and elementarity. Specificity of module also
determines what is the main and what is the auxiliary.
Checking for compliance with the criteria of
specificity and repeatability are formal: specific
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repetitive structures in the medulla are individual
chromaffin cells or their complexes (RCs of A-cells
and beams of NA-cells). On the contrary, compliance
with the elementarity criterion requires justification.
This criterion implies the desired module should consist
of the minimum functionally complete specific cells
complex. Thus, it is necessary to find out whether the
RCs of A-cells and beams of NA-cells are elementary
complexes or their parts are such complexes.

It is easier to reveal the elementarity for RC of
A-cells. A-cells within their RC have common structures
that either are formed by cells together (intercellular
expanded spaces) or are present only in some cells
(cilia). Accordingly, a group of A-cells smaller than
the RC cannot be a self-sufficient full-functional basis
of the adrenaline module (A-module).

It is somewhat more difficult to substantiate the
elementarity of bundles of NA-cells. However, the
very fact that single NA-cells are not actually found in
3D reconstruction of the medulla from serial sections
[16] unequivocally indicates that only the beams are
self-sufficient full-functional basis of the noradrenaline
module (NA-module). The internal boundaries of
the NA-modules, apparently, be considered the
places where between the NA-cells there are layers
of connective tissue and fibroblasts associated with
them (Fig. 5).

Mandatory auxiliary components of the module
of the medulla are the connective tissue frame,
microcirculatory blood vessels and nerve fibers with
endings.

Kikuta et al. clearly showed that the stroma
around the chromaffinocyte complexes in the
rat medulla has the form of rounded «baskets»,
most of which communicate with each other by
«windows» [19]. This fully corresponds to the
outline RCs of A-cells: they themselves are located
in the baskets, and the anastomoses between them
are located in the windows. For the NA-module,
its own stromal scaffold is not clearly defined.
Obviously, it repeats the outlines of the beams,
i.e. has the appearance of angular chambers.

Small branches of venous sinuses and capillaries are
most closely in contact with modules. The capillaries
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of the medulla are a continuation of the arterial vessels
passing through the cortex. The venous sinuses collect
blood from the capillaries of the medulla and from
the capillaries of the cortex at its border with the
medulla [20—22].

A simple solution is to assume that the
capillaries feed the modules and take in metabolites
and catecholamines, while the venous sinuses
bring corticosteroids important for the synthesis
of adrenaline. However, no differences were found
between complexes of A- and NA-cells in interaction
with different types of vessels and in localization
relative to them [21—24]. Therefore, the way
corticosteroids enter the A-module is obviously
somewhat more complicated. It can be assumed
that well-developed perivascular spaces are of great
importance. The importance of the vascular component
of the modules of the medulla increased even more
after the discovery of the ability of chromaffinocytes
to their own (not from nerves) excitability in response
to humoral stimuli [25].

The modules of the adrenal medulla are richly
innervated. Both myelinated and unmyelinated nerve
fibers are involved in this. [13, 26, 27]. We observed
the same with our preparations. The fact that the
boundaries of the functional areas obtained by direct
or indirect nerve stimulation clearly coincide with the
morphological boundaries of the modules clearly shows
the important organizing role of the nerve component in
organization of these morpho-functional units [11—13].

Optional auxiliary components of the adrenal
medulla module in intact adult rat are, for example,
macrophages (found often) and mast cells (found very
rarely). There is no information about any of their roles
in the organization of the module.

With all of the above in mind, we present a drawing
of typical A- and NA-modules of the rat adrenal medulla
(Fig. 8). The figure combines all the main structural
features of the modules based on our data and those of
other authors. Since the asymmetry of noradrenaline
granules is a consequence of the specific interaction of
noradrenaline with glutaraldehyde and is not detected in
other fixation variants (Coupland, 1965a), we depicted
them without this artifact.
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Fig. 8. Schematic drawing of the adrenaline and noradrenaline modules of the rat adrenal medulla.

A-Md — adrenaline module, NA-Md — noradrenaline module, AG — adrenaline granules, NAG — noradrenaline granules,

ICE — intercellular expansions, Cil — cilia, Cp — capillaries, VS — venous sinus, FB — fibroblasts, MNF — myelinated nerve fibers,
UMNF — unmyelinated nerve fibers, NF&E — nerve fibers and synaptic endings, EnC — endotheliocytes, ErC — erythrocytes,
PC — pericyte, MF — macrophages, CF — collagen fibers. High-resolution drawing shown in Figure 8
https://drive.google.com/file/d/TM6ZNOjavTdryBI6Rs4DhuEZyfIXLEbFv/view?usp=sharing

Differences in the structure of A- and NA-modules
stimulate the search for their causes and connection
with the function.

An acute selective effect on the A-cells of the rat
medulla leads to an increase in the amount of adrenaline
in the blood plasma against the background of a slow
depletion of these hormones in the medulla. While a
similar hyperacute effect leads to a rapid and many
times more powerful increase in adrenaline in the blood
plasma against the background of an equally rapid
decrease in its amount in the medulla. NA-cells do not
show the same super-powerful release of noradrenaline
during extremal selective exposure [28—30]. This
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clearly indicates that during hyperacute exposure
adrenaline is released into the blood according to
the principle of rapid release of the finished product
from extracellular depots. The place of reservation of
ready-made adrenaline, obviously, is the characteristic
isolated expansions of the intercellular spaces in the
central part of the A-modules. The expansions are quite
voluminous and there are several of them in the module
(Fig. 3). Accordingly, the adherence of A-modules to
a rounded shape is determined by the need to create
isolated storage expansions in their central part. NA-
cells that do not form RCs with central expansions
and are less densely packed do not show the same
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ability. Accordingly, the effect of the wedging of NA-
module beams between A-modules is the result of a
freer arrangement of NA-cells: in the growing medulla,
NA-cells occupy the free spaces between the stable
rounded A-modules.

The foregoing also applies to the explanation
of the reasons for the modular organization of the
adrenal medulla. In addition to common reasons for
all organs [3], we clearly see the specific one for the
appearance of special A-modules. This is the need
to store ready adrenaline in case of a sudden life-
threatening and requiring an immediate and strong
(fight or flight) reaction.

Conclusion

It was found that the rat adrenal medulla contains
two logically and morpho-functionally distinct types
of specific modules. A-module are A-cells rounded
cluster and NA-module is polyhedral NA-cells beam,
both associated with auxiliary components.
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MoaynbHasa opraHu3aLusa MO3roBoro BeLecTBa
HaZNouYeYHUKa Kpbicbl

K.I'. Kemokuase 8, H.A. TromuHa

SIpocnaBcKuii rocyZapCTBEHHBIN MeAMLIMHCKUM YHUBepCUTeT, 2. Spocnaensb, Pocculickas dedepayus
XN K_G_K@mail.ru

AnHoTamms. AkmyarbHocmb. B HacTosiiiee BpeMsI IpeficTaB/ieHre O TKaHEeBbIX MOPGhOGYHKIMOHAIBHBIX eAMHULIAX (MOAY/ISX)
MO3rOBOT'0 BellleCTBa Ha/[TIOUeUHUKOB He MOTHOCTBI0 C(POPMUPOBAHO [i/1s1 K/IeTOK, 3aracaroLmx afpeHanvH (A-), ¥ COBepLLIEHHO
He pa3paboTaHo 1S KJIEeTOK, 3arnacaroiux HopagpeHanuH (HA-). eab. OtaensHo st A- 1 HA-K/IeTOK yCTaHOBUTH MOJY/H
B MO3TOBOM BellleCTBe Ha/IlIOUYeYHHKOB Ha OCHOBE KPUTEpHEB, Pa3paboTaHHBIX (yH/aMeHTaIbHOU rucTonorueii. Mamepuanbi
u Memoobl. B riccnejoBaHUM UCII0/Ib30BaJIM CepUiHbIe, TIOIYTOHKKE U YIBTPAaTOHKYE Cpe3bl HaJJTIOUeUHHUKOB TOMLMHON 7—9
MKM 6 B3pOC/IbIX KpbIC-caMII0B IMHUU BrcTap (Macca 335 + 25 r). Cpe3sl okpallvBaiy 1o Metoay OHope C 10TI0/IHUTeTbHBIM
OKpalllMBaHUeM TOJYHUAUHOBBIM CUHUM, TIO3BOJISIOIIUM JOCTOBEPHO pa3nuuarh A- 1 HA-KneTKd B MO3TOBOM BelljeCTBe.
A-K7eTKY OKpallleHbl B CUHUM 11BeT, a HA-K/1eTKu— B 3e/1eHbli. VCI10/1b30Bas CBETOBYIO M 3/1€KTPOHHYO MUKPOCKOIMHUIO /ISt
BH3yaM3aLiiy CePUITHBIX, TOMYTOHKUX U Y/IBTPAaTOHKMX CPe30B HaJTI0UeYHUKOB B3POCI/IbIX CaMLIOB KPBIC C AuddepeHIIMPOBKOi
A- v HA-ksnetok. Pesynbmambi 06cyscoeHue. A-KneTKy 00pa30BbIBaiy OKPYIVIble CKOTIIEHNS], B KOTOPBIX PACIo/arajuch B OJMH
cJioti Ha 6a3anbHON MeMOpaHe. VX G0KOBbIe CTOPOHBI IJIOTHO TPUJIErasiy ApYT K JPYTY, a BHyTPeHHUEe CTOPOHHI (LieHTpasbHast
YacTh KOMIUIEKCOB) 00Pa30BbIBa/IM MEXKJIETOUHBIE PACILIMPEeHNs], MUKPOBBITISTYMBAHMS 1 TTePBUUHbIE peCHUYKU. MeHee MI0THO
pacnonoxxeHHble HA-KeTKM 00pa3oBbIBa/d MHOTOTpaHHbIe Hanky. Oba THIa KJIeTOUHBIX KOMIIEKCOB ObI/TU CBSI3aHBI C JOTIO0JI-
HUTe/IbHBIMUA KOMIIOHEHTaMU (CTpOMa/IbHbIMU, HEPBHBIMH, COCYAWCTBIM U Jp.). LleHTpasbHble paclipeHusi OKPYIJIbIX CKOTLIeHUI
A-KJeTOK, Mo-BUVMOMY, CITy>KaT /7151 yieP>KaHUs YaCTH y»ke 00pa30BaHHOTO a/[peHA/IMHA, UTO TIOBBILIAET TOTOBHOCTb MO3rOBOTO
BellleCTBa K OBICTPOMY BBICBOOOXKIEHHIO OOJIBIINX KOMYECTB ajipeHa/liHa B CTyuae CBepXoCTporo crpecca. COOTBETCTBEHHO,
TIPUBEP)KEHHOCTDb CKOTUIEHHWH A-KJIETOK K OKPYIJION (popMe orpeziesnsieTcsi HeOOXOAMMOCTBIO CO3/JaHUs TaKUX 1[eHTPaIbHbBIX
W30/TMPOBAHHBIX HAKOIIUTE/bHBIX paciuuperuii. HA-KneTku pacronaratoTtcst 6osiee cBOOOJHO 1 He 06pa3yrOT U30/IMPOBaHHBIX
Me)KKJIETOUHBIX PaclIMpeHunH, uTo no3sosisier HA-K/leTkaM BKJIMHUBAThCSl MEXK/Ty CTaOMITbHO KPYTIBIMU CKOTIJIEHUSIMU A-KJTEeTOK,
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B pe3y/ibTaTe uero pOpMUPYIOTCS UX MHOTOrPaHHble 6anky. BblgoObl. YCTaHOBIEHO, UTO MO3TOBOE BEILECTBO Ha/[TIOUEUHHKOB
KPBIC COZIEP>KUT /IBa JIOTMUeCKH 1 MOP(OQyHKIMIOHATBEHO Pa3/IMYHBIX TUTIA CITeliHUeCcKUX MOAysield. A-MOZY/Ib MTPe/ICTaBseT
co0oii OKpyr7oe cKoruieHHe A-KileTok, a HA-Mozyimb— MHororpaHHasi 6anka n3 HA-K/1eTok, 06a CBS13aHBI CO BCIIOMOTaTe/TbHBIMU
KOMIIOHEHTaMH.

KitroueBbIe cj10Ba: MO3TOBO€ BeIlleCTBO Ha/IIOUeUHHKOB, XpoMadpUHHBIE K/IeTKH, a/ipeHaIoOUTh], HOpa/ipeHaoLUTh,
MoAy 1, MOpGHODYHKIIMOHATbHBIE eUHHLII

Hudopmanus o puHaHCMpOBaHUHU. ABTODBI He TOTyYany GUHAHCOBYIO MOAAEPIKKY /s HCC/IeJOBaHKs, aBTOPCTBA U Iy 0JIu-
Kalli¥ 3TOM CTaTbU.
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MHTEHCUBHOCTb OKUCIUTENbHO-BOCCTAHOBUTENbHbIX npoueccoB
N MNCUXO3IMOLIMOHAJIbHOIO CTaTtyCa KpbIC
MPU 0XXOroBoM nospexxageHnn KoxXxu

AK. AxkukoBa ~ 23 MLA. CamorpyeBa

ACTpaxaHCKui roCcylapCTBeHHbIA MeJULIMHCKUI YHUBEPCUTET, 2. AcmpaxaHb, Poccutickas ®edepayus
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AnHoTtanusa. AkmyaibHocmb. B HacTosiiee BpeMsi akTyasIbHOM ocTaeTcst mpobieMa pereHepalin MOBPEXIeHHOH KOXKHU, B TOM
YKCJIe 0)KOTOBOTO Xapakrepa. B paboTe omvcaHbI pe3ysibTaThbl UCC/Ie0BaHusl MHTEHCUBHOCTH OKMC/TUTETBHO-BOCCTaHOBHUTETBHBIX
TIPOLIeCCOB M TICHX03MOLMOHAILHOTO CTaTyca KpbIC MTPY TepMHUUeCcKol TpaBMe KoxU. L]enb ucciedosaHuss — 3KCriepuMeHTal b-
HOe M3y4yeHre MHTEeHCUBHOCTH OKHCJIMTeIbHO-BOCCTaHOBUTE/IbHBIX IPOLIECCOB U IICUX03MOLMOHAIBHOIO CTaTyCca KPbIC IIPH
0’>XKOTOBOM TIOBPEX/eHUH KO>Ku. Mamepuanbt u memoobl. VicciiezoBaHue IPOBOAWIY Ha HeTMHEHHBIX KpbICax-caMIiax cpejHei
Maccel 250 rp. 6—8 MecsiieB. {715 OLeHKH IICHX03MOLMOHAILHOTO CTaTyca ObUIH TIPOBe/IeHbl MCCIeJOBaHUS C UCTIO/IB30BaHNEM
CTaHZAPTHBIX TICUX0(MU3NOIOrMIeCKUX MeToZ0B: «OTKPBITOE 1oftex», « [ IpUMoAHATHIA KpecTooOpa3Hbii 1abUpUHT», «CyOK-TeCT»
u «ITopcont». VIHTEHCUBHOCTb OKMC/TATE/TEHO-BOCCTAHOBUTE/TLHBIX MPOLIECCOB B THIIOTa/laMUUeCKOH 1 Tpe(hpoHTaIBHOM 00/1acTsx
TOJIOBHOTO MO3ra OL|eHWBa/ M MOCPeCTBOM OIpe/ie/IeHUsI HTHTEHCUBHOCTH ITePeKUCHOT0 OKHC/IeHUS JIMITHZIOB M aKTHBHOCTH
Karana3sbl. O6 aKTHBHOCTH MePeKUCHOTO OKUC/IEHHSI JIUITHOB CYV/IN 10 UCXOJHOMY COJlep’KaHHI0 MaJlOHOBOTO AHaTbJeru/a,
a Tak>ke Mo CKOPOCTH CIIOHTAHHOTO W aCKOpOAT3aBUCHMOTO TIepeKHCHOTO OKHCTeHUs TUMUAO0B. Pe3yabmambt u ob6cyxcoeHue.
B xopie ncciie[oBaHNsT YCTaHOBIEHO, YTO 0)KOTOBOE TTOBPesK/ieHHe KOKU COTIPOBOXK/]A/IOCh YBEJTMUEHEM B IMITOTalaMUyeCKoH
Y ipedpOHTaBLHOHN 06/1aCTSIX TOOBHOTO MO3ra KpbIC KOHLIeHTpauyu TEK-aKTUBHBIX MTPOAYKTOB MIePEKHCHOTO OKUC/IeHHUs
JIMTIVJIOB, pe3y/IbTaToOM Yero sIBUI0Ch pa3BUTHE OKHC/IUTEIBHOTO cTpecca. O)Korosasi TpaBMa MHHULIMMPOBAa B M3yyaeMbIX 30HaX
TOJIOBHOT'O MO3Ta IPOLIeCChI TePOKCHALINH, Hanboee BbIpayKeHHbIe B PAHHUI TIePHOZ, 0XKOTOBOTO IpoLiecca (Ha 2—4 CyTKH),
C pa3HOM CTeleHbI0 CHIDKAOIMECs B TTOC/Ieiyromiye Cpoku (Ha 7, 10 cyTku). Pe3ysbrare! OLleHKY MTCHX03MOLIMOHATBHOTO
CTaTyca )KUBOTHBIX ITPH 0’KOT'OBOM ITOBPEXX/JEHNH KOXKH B CTaHAAPTHBIX MOBe/jeHYeCKUX TeCTax MOoTBePK/Jal0T BOB/IEYeHHOCTh
HEepBHOM CHCTeMbI B OTBET Ha CTpecc, pedyieKTOpHast [|eTeJIbHOCTh KOTOPOW B CTPECCOBBIX yCIOBHUSIX ITPOSIB/ISIETCS B U3MEHEHUH
TIOBeJIeHUYeCKUX peakuii. B yC/IOBUSIX 0)KOTOBOTO MOBPeXXJeHHsI KKK ObIJI0 OTMeUeHbI TPU3HAKH TPEBOKHO-ZeMPECCUBHOTO
COCTOSTHUSI, B UaCTHOCTH [le30pHeHTalM B TIPOCTPAHCTBe, TI0/iaB/IeHus IICX0MOL[IOHA/IBHOTO COCTOSIHUSL, U3MeHeHe XapaKTepa
TOBe/leHUeCKHX peakuii. Bbigoobl. TakuM 00pa3oM, BbISIB/IEHHbIE M3MeHEeHVsl THTeHCHBHOCTH OKHUC/TUTEBbHO-BOCCTaHOBHUTENBHBIX
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TPOLIeCCOB U 0COOEHHOCTH MCUX03MOLIMOHAIBHOIO CTAaTyCa KPBIC TIPU 0)KOTOBOM TIOBPEXK/I€HUN KOXKU SBJISIIOTCS C/Ie[ICTBUEM
OMOXUMHUUECKUX U (QYHKIMOHA/IBLHBIX HAPYIIIEHUH OTZe/IOB TOJIOBHOTO MO3Ta, aKTUBU3UPOBABIIIUXCA B X0l 3all[UTHO-afariTa-
LIMOHHBIX peakKLUi MPU 0>)KOTOBOM TpPaBMe.

KrroueBsle cj10Ba: ICUX03MOLMOHAIBHBIN CTaTyC, IIOBeZleHNe, OKOT, epeKUCHOe OKWC/IeHue JIMMKA0B, KaTanasa, OTKpeIToe
riojie, [1purnoAHATHIN KpecToobpa3sHbii 1abupunt, Cyok-tect, ITopcont
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Redox intensity and psychoemotional status
of rats in burn skin injury

Alfiya K. Azhikova < Marina A. Samotrueva

Astrakhan State Medical University, Astrakhan, Russian Federation
> alfia-imacheva@mail.ru

Abstract. Relevance. Currently, the problem of regeneration of damaged skin, including of a burn nature, remains relevant.
The work describes the results of the study of the redox intensity and of the psychoemotional status of rats in thermal skin injury.
The aim of the study is an experimental study of the redox intensity and of the psychoemotional status of rats in burn skin injury.
Materials and Methods. The study was conducted on nonlinear male rats of average weight 250 grams for 6—8 months. To
assess psychoemotional status, studies were carried out using standard psychophysiological methods: «Open Field», «Elevated
cruciform maze», «Suok Test» and «Porsolt.» The intensity of redox processes in the hypothalamic and prefrontal regions of
the brain was assessed by determining the intensity of lipid peroxidation and catalase activity. The activity of lipid peroxidation
was determined by the initial content of malonic dialdehyde, as well as by the rate of spontaneous and ascorbic peroxidation
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of lipids. Results and Discussion. During the study, it was found that burn damage to the skin was accompanied by an increase
in the concentration of TBC-active products of lipid peroxidation in the hypothalamic and prefrontal regions of the brain of
rats, which resulted in the development of oxidative stress. Burn injury initiated peroxidation processes in the studied areas of
the brain, the most pronounced in the early period of the burn process (on days 2—4), with varying degrees decreasing in the
following periods (on days 7, 10). The results of the assessment of the psychoemotional status of animals in burn skin injury in
standard behavioral tests confirm the involvement of the nervous system in response to stress, the reflex activity of which under
stressful conditions manifests itself in a change in behavioral reactions. In the conditions of burn damage to the skin, signs of
an alarming-depressive state, in particular disorientation in space, suppression of the psychoemotional state, and a change in the
nature of behavioral reactions were noted. Conclusion. Thus, the revealed changes in the intensity of redox processes and the
peculiarities of the psychoemotional status of rats in burn skin damage are the result of biochemical and functional disorders of
the brain, activated during protective and adaptation reactions in burn injury.

Key words: psychoemotional status, behavior, burn injury, lipid peroxidation, catalase, Open field, Elevated cruciform
maze, Bitch test, Porsolt

Funding. The authors received no financial support for the research, authorship, and publication of this article.

Author contributions. Azhikova A.K.—collection and processing of materials, analysis of the received data, writing the text.
Samotrueva M.A.— concept and design of the study; text correction. All authors have made significant contributions to the
development concepts, research and manuscript preparation, read and approved final version before publication.

Conflicts of interest statement. The authors declare no conflict of interest.

Ethics approval. When working with animals, they adhered to a humane attitude in accordance with the provisions of the
Declaration of Helsinki (1964—2013), the provisions the Commission on Ethics of Attitudes towards Animals of the Russian
National Committee on Bioethics at the Russian Academy of Sciences and the recommendations of the Ethics Committee of
Astrakhan State Medical University.

Acknowledgements. Participants in the study express their gratitude to the staff cared for the animals.

Consent for publication—not applicable.

Received 07.08.2022. Accepted 07.09.2022.

For citation: Azhikova AK, Samotrueva MA. Redox intensity and psychoemotional status of rats in burn skin injury. RUDN
Journal of Medicine. 2022;26(3):274—288. doi: 10.22363/2313-0245-2022-26-3-274-288

BeepneHue

B HacTosiiiee Bpems Ha (hoHe CI0>KUBIIENCS
CUTYyallUM B MUPE aKTya/JbHOHW OCTaeTcs TpobieMa
TIOBPEXX/IeHHUsI KOXKH, B TOM UHCJIe 0XKOTOBOTO XapakK-
Tepa. [Topa)kast KOXKy, 0’KOTOBasi TpaBMa 3aItyCKaeT
KacKa/] 1oc/ie/joBaTe/IbHbIX PeaKlyii Ha ypOBHE 1]eJI0r0
opranu3sma [1]. 3To npoBoLUpYeT Je30praHu3aIf1io
CTPYKTYPHO-(QYHKIIMOHA/IbHBIX CBSI3eM MEXXy UMMYH-
HOM, HEPBHOU U SH/I0KPUHHON CUCTeMaMH, KOOP/IUHU-
pyolux ¢pu3nooruuecke U natogrusnonioruyeckrie
TIPOLIeCChI B KOXe [2].
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oka3aHo, uTo /it060ii CTpecc, B TOM UKC/Ie U 0XKO-
TOBOT0O XapakTepa, CrIoCOOCTBYeT CPhIBY MPOLIECCOB
afianTalyy, 3aTparuBasl [ieHTpaabHble MeXaHWU3Mbl
BPO’K/IEHHBIX ¥ TIPUOOPeTEeHHBIX MTPOrpaMM MOBeJeHus,
YTO MOJKET TIPUBOJUTL K HeOOpaTHMbIM HapYIIeHUsIM
CO CTOpPOHBI (DYHKLIMOHAIBHBIX CUCTeM opraHu3ma [3].
YuuTteiBasi TOT PakT, YTO CTPeCC MPeACTABISIET CO-
60ii KomIIIeKC (HPU3MOIOrMUeCKIX Y SMOLIMOHAIBHBIX
Peakli[yii, 3aTparuBaroIIUX BCe YPOBHU OpPraHU3al[ul
OpraHu3Ma, BayKHOe 3HaueHre UMeeT TIOHHMaHHe Heii-
POTYMOpAJIbHBIX PEry/IATOPHBIX MEXaHU3MOB, JIEKALLX

OVI3VONOT A CTPECCOPHbBIX BO3AEMCTBMY
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B OCHOBE aJjallTHBHO-BOCCTAHOBUTEJIbHBIX ITPOLIeCCOB
opranu3ma [4, 5].

Vcxops U3 npejcTaB/JIeHU O Ba)KHOU POJIU
LIeHTpa/IbHOW HEPBHOW CUCTeMbl B (H)OPMHUPOBAHUU
CTPeCCOPHOM peakLUy NPy pas/IvYHbIX BO3/eUCTBUIX,
Mpe/CTaB/IseT UHTepeC u3yueHre (QyHKLMOHATbHBIX
0cobeHHOCTel 0T/ie/I0B rOJIOBHOTO MO3Tra B yCJIO-
BHUSIX CTpPecca 0>KOroBoro xapakrepa [6]. Hecmorpst
Ha [J0OCTaTOUHY0 U3y4eHHOCTb MOP(QO(dYHKILIMOHA/b-
HbIX U3MEeHEeHUI BHYTPEHHHUX OPraHOB MPU CTpecce
0’KOTOBOTI'0 XapakTepa, HeZJoCTaTOYHO U3yUeHO IICHU-
X03MOI[MOHa/TbHOEe COCTOsIHMe opraHu3ma [6—9].
ITockonbKy ABUraresbHass akTUBHOCTD SIBJISIeTCS
(yHKLIMOHA/IbHOM NMPOU3BOAHOM MO3ra, pe3y/bTaThbl
VICC/IeIOBAHUM B 3TOM HarlpaB/eHUU UMEIOT BaKHOe
3HaueHHe MPU MOCTOKOTOBBIX COCTOSIHUSAX Y TTOUCKE
KOMIU/IEKCHBIX CUCTEMHBIX CPeJiCTB KoppeKLn. Kpome
TOTO0, He UCC/IeI0BaHbI OMOXUMUUECKHe 0XKOT-0rocpe-
[l0BaHHbIe HapyllleHWsl Ha YPOBHe FOJIOBHOI'O MO3ra.
YuutbiBasi TOT akT, UTO Ha POHE 0)KOTOBOM TPaBMbI
VHULIMHAPYIOTCS CTpecc-aZanTaliOHHble MeXaHn3-
Mbl, B KOTOPBIX Ba’KHYIO POJIb UT'PaeT NepeKrnCcHoe
okucienne munugoB (ITOJI), uHTepec nipeAcTaB/sieT
WCCJIeIOBaHNe COCTOSTHUS aHTUOKCUAHTHOW CUCTEMBbI
opranusMma. amenenue niporjeccos I[1OJI gengercs
TIPOsIB/IeHHEM JTF0O0T0 TIaTOIOTUUeCKOTO COCTOSTHUSI
Ha KJIeTOYHOM W OuoxumMuueckoM ypoBHsix [10, 11].
Bri6op npedpoHTaNbHOM U TUTIOTaIaMAYeCKOU 30H
TOIOBHOTO Mo3ra Jiisi ccesoBanus I10JT o6yciioBieH
VX MIPSIMOM BOB/IEYEHHOCTBIO B YTIPAB/ISIOLLME (DYHKLIH,
KOTOpbIe 00eCTieurBat0T MHOTHe BU/IBI JeATeTbHOCTH
(ZBWKeHMe, MbILLITIEHUE, BHUMaHUe, I0Be/leHre, pe-
ryasius GU3Moa0ruyeckux U narors3noioruueckux
TPOLIeCCOB, MPOLIECCOB aZjaNnTalyy U e3aanTalun).
Kpowme ToOro, n3BecTHO, UTO OJHUM U3 [IPOMEKYTOU-
HbIX poAykToB I1OJI sgBAsieTCss MaJIOHOBBIN Jyaib-
nerun (MIA) v 110 ero KOJMUeCTBY MOYKHO CyAUTh
0 CKOPOCTH peakLiii epeKrCHOr0 OKUC/IeHUs TUTU/IOB.
AHTHOKCH/IaHTHBIM (pepMeHT KaTasiasa npeayrpexjaeT
WHULIMALMIO CBOOOHO-Pa/IMKA/TBHOTO OKUC/IEHHS, UTPast
OCHOBHYIO POJIb B Pa3/I0kKeHUU IepeKUCH BOJOpOJa,
KoTopasi HauboJiee oracHa Jijist KJIETOK.

[TpyHUMast BO BHMMaHue BblllleCKa3aHHOe, CUM-
TaeM aKTyajabHbIM U3yueHHe OKHCIUTEIbHO-BOCCTa-
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HOBHTE/IbHOMN peakuy OpraHr3Ma Ha CTpeCCOreHHOoe
BOB,Z[EIZCTBPIE, d TaK>XKe BO3MO>XKHBIX IIOCTCTPeCCOBLIX I10-
BEeJEeHUECKHX U TPEBOXXHO-AEIPEeCCUBHBIX paCCTpOﬁCTB
B YCUJIOBHUAX 0’KOT'OBOM TPaBMBEI.

I.Iem: HCC/1€J0BaHUA —HN3yUeHHEe NMHTEHCUBHOCTHU
OKHC/INTE/IbBHO-BOCCTAHOBUTE/IBHBIX ITPOLIEeCCOB U IICH-
X05MOLMOHAJ/IBHOI'O CTaTyCd KUBOTHLIX ITPHU 0>KOT'OBOM
MOBPEeXXAEeHHNH KOXXH.

MaTepMaHbI n MeToabl

ViccnemoBaHue poBov/M Ha GesbIx 6ecriopojHbIX
Kpbicax-camiiax (6—8 mec, Bec 250—270 r). 2KuoT-
Hble ObLTH pa3zeneHsl Ha 5 rpyni (n=7): 1 rpyrmma
«KOHTPOJIb» — MUHTAKTHbIe 0COOU, 4 OTIBITHBIE IPYTI-
bl — «Oxkor 2 cyTKu», «Oxor 4 cyTKu», «Oxor
7 cyTku», «Oxor 10 cyTKu» — 0cobu, oABepriimecs
TePMHUYECKOMY O)KOTOBOMY BO3/€MCTBUIO. Y KUBOT-
HBIX OTIBITHBIX T'PYTII MOZEe/JUPOBaJIN KOHTAaKTHYO
TepMHUUeCKYyI0 TPaBMy B MeXXJ/IONAaTOUHOW 06s1acTi
CTIUHBI B yC/I0BUSIX 3(pUpHON HapkoTu3aluu. Ha ge-
MWIMPOBaHHBIM YUaCTOK KOXKU HaK/1aJbIBaIu MeJHbIN
npeAMeT JuaMeTpoM 1,5 CM, HarpeThld B KUTISIILIEH BoJie
10 100 °C, c srcniosunueii 5 c. 2KMBOTHBIX BEIBOAWIN
Y3 3KCriepuMeHTa Ha 2, 4, 7, 10 CyTKu 1ocie 0)K0roBoro
BO3/IeNCTBUS. [leKanuTalyio MPOBOAWIN B YCIOBUSAX
3¢bUpPHOM HapKOTU3aL[1H.

I[Tpu paboTe C KUBOTHBIMU TIPU/EP>KUBAJTUCH Ty~
MaHHOTO OTHOLIIEHUSI COTTIACHO TOIOKEHUSIM X e/TbCUHK-
ckoii meksapanuu (1964—2013), [puka3za MuH3apaBa
Poccun Ne 1991 ot 01.04.2016 1. «O6 yTBepxJeHUN
TIpaBWJI Haji/Iexkaltield mabopaTopHoii pakTukm» (GLP).
CopepykaHye >KUBOTHBIX COOTBETCTBOBAJIO TPeOOBaHUSIM
Komurccum Poccuiickoro HaljMoHa/bHOTO KOMUTETa
1o 61uo3TrKe nipu Poccuiickoli akazieMuu HayK U pe-
KoMeHJaIusam JTtuueckoro komuteta PI'bOY BO
Actpaxanckuit 'MY Mun3zgpaBa Poccun (mpoTokon
Ne 4 or 21.11.2016 ).

JI71sT OLIeHKH TICHX03MOL[MOHAILHOTO CTaTyca ObUIH
MPOBe/IEHbI MCC/Ie0BaHMS C UCTIONb30BaHMEM CTaH/ApT-
HBIX ITCUXO(PU3UONOTHUECKUX MeTO/I0B: «OTKPbITOE
riosnie», «[IpUrogHATHIN KpecTooOpa3HbIi Ta0UPUHT»,
«Cyok-Tect» u «I[Topcont» [12].
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B tecte «OTKpbITOE NOJIE» (OII) usyuaroTcs
0COOEHHOCTH OPUEHTHUPOBOYHO-UCC/Ie0BaTeTbCKOTO
TOBeJleHNs], YPOBEHb CKPBITOI'0 SMOLMOHA/IHOIO Ha-
TIPSDKEHUS U Pe3UCTEHTHOCTH K cTpeccy. OH sB/isieTcst
K/IaCCHUUeCKOM MOZienbio KOH(IMKTa JBYX MOTHBALIWH,
[IByX BPOXKJI€HHbIX peakLuii— CTpeMJ/IeHHe K UCCrie-
JIOBaHUIO HOBOTO OKPY)KeHHs U peakijyeii n3beranus
OCBeIL|eHHbIX MeCT. 3HaYUMbIMU KPUTEPUSIMU SIBJISIFOTCS
JlaTeHTHOe BpeMsl [1epPBOro JBWKeHUs C LieHTPa/IbHOr0
KBaJipaTa, YMCJ/I0 TlepeceueHHbIX KBa/paToB, BpeMsi
Y UYMC/I0 BCTABaHUM Ha 3a/iHMe Jarbl (CTOWKM), CTOM-
KM C OTIOPOM, BpeMsi TPYMHUHIOB, UHC/I0 (DPU3MHIOB
1 60JTIOCOB.

Tect «IIpunoaHsTHIN KpecTooOpa3HbIi 1abu-
puHT» (ITKJI) siBisieTcst oqHUM U3 Haubosee o0ire-
TIPUHSATBIX TECTOB 151 OL|eHKU TPEBO)KHOTO COCTOSTHUS.
PerucTtpupyrorcs ciaepyrolye rnokasareaiu — BpeMst
HaxOK/IeHUs B OTKPBITBIX YacCTsAX J1abupuHTa — OT-
KpbIThIX pyKaBax (OP), LjeHTpe ¥ 3aKpbITbIX YaCTsAX
nabupuHTa — 3aKpbIThIX pyKaBax (3P) nabupuHra;
yncsio BeixogoB B OP, ieHTp 1 3P; 0011jee unc/io BXog0B/
BBIXOZIOB B PyKaBa U LIeHTP; YHC/IO NTePexX0J0B U3 OJHOTO
3P B pyroif; uncsio 3arisAbIBaHUM 107 1aOWUPHHT.

«Cyok-TecTt» (CT) onuckiBaeT roBesieHUE KU-
BOTHBIX B YC/IOBUSIX HOBU3HBL. BOJIbIIYIO pOJIb UTpaeT
GaslaHC MOTHBALWI — CTPeMJIeHHe UCC/IeZJ0BaTb HOBYIO
00CTaHOBKY (Heoduiust) ¥ CTpax repes Helt (HeohobOus,
TpeBora)— B ()OPMUPOBaHUM MOBEZIEHUS )KUBOTHOTO
B [JAHHBIX yCIOBUSIX. B X0fie HabmoeHys orpe/ienstoT-
sl C/IeyroILye TI0Ka3aTe/y: KOMYeCTBO NepeCceueHHbIX
CerMeHTOB (TOPU30HTa/IbHAs aKTUBHOCTL), B TOM YHC/Ie
Y LIeHTPa/IbHbIX, KOTMYeCTBO 3arisi{bIBaHUM BHU3, UMC-
JI0 COCKaJIb3bIBAHMM 3aJHUX JIall, [IPOZO/DKUTE/IEHOCTD
TepHO/I0B HETIO/[BYKHOCTH (3aMUpaHusi).

TecT noBe/ieHUECKOro OTUasiHUSA (IPUHYAUTE/IbHOE
raBaHue, TecT [lopconTa) siBAsieTcs MOZe/bIo OLleH-
KU JlempeccuBHoMoA00Horo coctosinus. CyTh MeTofia
B TOM, YTO >KMBOTHBbIE, TI0Ma/iasi B BOAY, HAUMHAIOT
aKTUBHOE [JBIKeHUe, HallpaB/IeHHOe Ha IIOWCK BbIX0Ja
Y3 HETIPUATHOM CUTYaL[MU. 3aTeM KUBOTHbIE OCTABJISIOT
TMOTILITKY BBIOPAThCS M3 COCY/A U 3aBUCAIOT B BOJie
B XapaKTepHOM 1Mo03e, 0CTaBasiCh MOJHOCTHIO HETO/-
BIDKHBIMU WY COBeplLasi He3HauuTe IbHble [BUKeHNS],
KOTOpbIe HeOOXOAUMBI 1151 TIO/1ePKaHUsT «MOPOUKK»
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HaJl IOBePXHOCTBIO BO/ibl. [10Ka3areieM BbIpa)KeHHOCTH
JlerpeCcCUBHOTO COCTOSIHUS TT0 JAHHOMY TeCTY SIB/ISIETCS
JJIATeNbHOCTh HeNoJB)XKHOCTH )KUBOTHBIX. B TecTe
TOBE/|eHUeCKOT0 OTYasHUS MOC/Ie aKTUBHBIX MOMBITOK
130aB/ieHUs] U3 aBePCUBHOM CUTYallUH y >KUBOTHBIX
HACTyTIaeT CTausi UMMOOW/IH3aLIiK, KOTOpasi OTPakaeT
JlerpeccrBHOE COCTOSIHUE.

VIHTeHCUBHOCTb OKUCIUTENbHO-BOCCTAHOBUTETb-
HBIX TPOLIECCOB B TOMOreHaTax ruroTrajaMuyecKou
¥ ripe()pOHTA/ILHOM /10/1eli TOJIOBHOTO MO3Ta OLleHUBaIn
10 UHTEHCUBHOCTHU MepPeKUCHOT0 OKUC/IeHUS JTUITU/0B
Y aKTUBHOCTH (hepMeHTa Karasa3sbl. O0 aKTUBHOCTH Tie-
PEKVCHOTO OKUC/IeHHUS! JIMITU/IOB CY/AWIU M0 UCXOLHOMY
COZIepKaHMI0 MaJIOHOBOTO AMa/bJeruja 1 rno CKOpoCcT!
CTIOHTAHHOTO U acKOpOAaT3aBHUCHUMOrO MepPeKUCHOT0
OKMC/IeHUST TUnuoB [13].

Pe3ynbraThl McciieoBaHust 00pabaTbiBaiu MeTO-
JlaMU BapyUaLlMOHHOM CTaTUCTUKU C UCI0/Ib30BaHUEM
niporpammel Microsoft Office Excel 2007 (Microsoft,
CIIA) (onpesnenenue t-kputepust CTerofeHTa). JJocto-
BEPHOCTh pa3/Muuii B SKCIIePUMEHTa/bHbIX TPyINax
OL[eHMBAJ/IM MIPU YPOBHe ocToBepHOCTH p<0,05.

Pe3ynbraTtbl M 06CyXAeHMe

B ycioBusix dhm3nonornyueckoii HOpMbI )KUBOTHBIE
13 KOHTPOJILHOW Tpynribl B TecTe « OTKPBITOE TOe»
MOKa3bIBa/ v MPHU3HAaKW HOPMa/JbHOTO COCTOSIHUS,
repeJBUraJvchb yMepeHHbIM TeMnoM. [IposiBasiiu
WCCie/IoBaTe/IbCKO-TI03HaBaTeIbHbIN UHTEPeC K OTBep-
CTUSIM YCTaHOBKH, aKTUBHO W3MEHS/IM TOPU30HTa/IbHOE
TIO/IO)KEeHHe Tejla Ha BepTUKa/IbHOe, 6e3 OTOphl O CTEHKY
YCTaHOBKHU M C OTIOPOU, CITIOKOWHO TepeceKasy LieH-
TpaJIbHBIM KBa/[paT YCTaHOBKH. B eTMHUYHBIX C/Tydasx
OTMeuYa/li KpaTKOBpPeMEeHHbIN rpyMuHr. Habmroganu
HeyvacTele (heKaTbHbIe OOFOCHI.

B Tecte OIl y »KMBOTHBIX C 0’)KOTOBOUM TpaBMOU
Ha 2—4 CyTKHU MOC/Ie 0XKOra OTMeua/i U3MeHeHHs T10-
Be/IEHUsI B BUZIe COCTOSTHUSI TPEBOXKHOCTHU, Oe3pa3miuusi,
JleTipeCcCUBHOTO HACTPOsI, CHUKEHHUSI IOKOMOTOPHOU
(KonmuecTBO TMepeceueHHbIX KBaJpaToB) U UCC/e/j0Ba-
TeThCKO-TI03HABaTe/TbHOW aKTUBHOCTH (MCC/ie[oBaHHe
OTBEPCTHM, BepTUKa/IbHbIe CTOMKU C OTIOPOM, TIepexXo/Ibl
yepe3 1[eHTP), COMPSDKeHHBIE CO CHYKEeHWEM ToKa3are-
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neti 6omnee uem Ha 50 % 10 CpaBHEHUIO C UHTAKTHBIMU
ocobsimu (p<0,001). ITpu 3TOM perucTpupoBaIv MO-
MEeHTbI KpaTKOBPEMEHHOT'0 IPYMUHTa U akT AedeKaluu

Ha 50 % (p<0,01), B OT/IMUKE OT UHTAKTHBIX )KUBOTHBIX.
B eguHMUHBIX cydasx oTMedasid hpU3UHT, He bosee
10 % (p<0,001) (Tabu. 1).

Tabnunya 1
BnusiHue 0)XkoroBoi TpaBMbl Ha NOBefleH1e XXMBOTHbIX B TecTe «OTKpbIToe none»
KoHTponb Oxor Oxor Oxor Oxor
MoBepeHuyeckue nokasatenu (M + m)

(MHTaKTHbIE) 2 cyTkM 4 cyTkm 7 cyTKM 10 cyTkM
[opu3oHTanbHas ABuraTenibHasi akTUBHOCTb — 30429 190£28% | 1634085 21,641,28%% 25,141 A%+#
KonunuecTBo nepeceyeHHbIX KBagpaToB
BepTukanbHas agBuratenbHas akTUBHOCTb — «CTOMKU» 13,1+0,9 7,4 +0,8% 6,20,3%** 9,310,4** 11,4+0,9%#
Bpems B LeHTpe, C 51+0,1 3,2+ 0,02* 7,4+0,5*% 5,1+0,1 3,710,2**
MccnepoBaHne «<HOPOK» 2,302 1,9 £0,2* 1,510,1* 1,940,2* 3,610,2**
[Mepexoabl Yepes LeHTp 0,4 +0,1 0,2 £ 0,02* 0,210,1* 0,410,1 0,510,1*##
KpaTKoBpeMEHHbIN rpyMUHT 3004 6,7 £ 0,1%** 6,910,3*** 2,1£0,1** 0 31,’3;##
®dekanbHble 601t0CbI 0,6 £0,1 1,8 £ 0,4** 1,520,6** 0,7+0,1* 0,4+0,2*
®punsnHr 0,08+ 0,01 0,2+ 0,1%** 0,1£0,01* 0 0

lMpumeyanune: * — p<0,05; ** —p<0,07; *** — p< 0,001 — oTHOCUTENBHO KOHTpONSA; #— p<0,05; ## —p<0,0T;
### — p<0,001 — oTHOCUTENbHO Fpynnbl «OXKOor, 2 CyTKW» (t-KpuTepuii CTbiofeHTa ¢ nonpaskoit BoHbeppoHm)
Table 1
Effect of burn injury on animal behavior in the test «Open field»
Intact animals not
. . On the 2nd day On the 4nd day Onthe 7nd day | 10 days after the
Indicators of behavior (M + m) exposed to burns after the burn after the burn after the burn burn
(control)
Horizontal Motor Activity — Number 30.4£2.9 19.0 + 2.8* 16.3:0.85% | 21.6+1.28%* | 2514144
of Intersected Squares
Vertical motor activity 13.1+0.9 7.4 +£0.8%* 6.240.3%** 9.3+ 0.4** 11.4 £ 0.9%#
Time in the center. s 5.1+0.1 3.2+ 0.02* 7.410.5% 51%0.1 3.7 £0.2%*
Examination of holes 23102 1.9+0.2% 1.5£0.1* 1.9+0.2% 3.6 £ 0.2%*
Transitions through the center 0.4+0.1 0.2 +0.02* 0.2+0.1* 0.4+0.1 0.5+ 0.1*#4#
. 1.5+
- *%k%k *kk *%

Short-term grooming 3004 6.7+0.1 6.910.3 21+0.1 0. 3kk A
Fecal boluses 0.6 +0.1 1.8 1 0.4%* 1.510.6%* 0.7+0.1* 0.4 +0.2%
Friezing 0.08+ 0.01 0.2+ 0.7%** 0.14£0.01* 0 0

Note: *—p < 0.05;**—p < 0.01; ***—p < 0.001 — relative to control; #—p < 0.05; # #—p < 0.07,
## #—p < 0.001 — relative to the group «Burn, 2 days» (Student’s Bonferroni-adjusted t-test)

K koH1ly nepBoii Hefienu Hab/ozaMM J0CTOBEPHOE
yBeJIMueHue UCCileyeMbIX IToKasaresield akTUBHOCTH
>KUBOTHBIX. K cepesiiHe BTOpOI Hezleln OTMevasin
yMeHblIeHHe BpeMeHHU, IIPOBeleHHOI0 B LjeHTpe
YCTaHOBKHY, yBe/IMUeHHe UCC/Ie/loBaTe/IbCKOU, FOpU-
30HTa/IbHOW U BepPTHKa/IbHOM JIBUraTe/IbHOU aKTUBHO-
CTH, TI0 CPaBHEeHMIO C TPynmoi «OyKor, 2 CyTKW», UTo

PHYSIOLOGY OF STRESS INFLUENCES

NpUO/IKAIOCh K 3HAYeHUsIM TPYTIbl « KOHTPOIIB», TIpH
3TOM siB/ieHUs1 GpU3UHTA He BbISBIEHO.

B ycnoBusix ¢pu3nonoruyeckoi HOpMbI )KUBOT-
Hble U3 KOHTPOJIbHOM I'PYMITbI TTOKa3bIBaIN B TECTe
«[IpurnogusTHIN KpecToobpa3Hbii 1abupuHT» (ITKJT)
TIPM3HAKK HOPMaJIbHOTO COCTOSIHUS, TIPOSIBJISITU WC-
CJ/lefloBaTe/TbCKO-TI03HaBaTe/IbHbI UHTEpec, NepejBu-
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rajiMCh B OTKPBITbIE U 3aKPBIThIe YaCTH JIaOUPHUHTA.
CHOKOMHO M3MeHS/IU TOPHU30HTA/IbHOE TMOI0’KeHUe
TeJla Ha BepPTHKa/IbHOe, Oe3 Oropbl 0 CTEHKY YCTaHOBKH
Y C OTIOpO, MepeceKasy LieHTPabHYH0 30HY YCTaHOB-
KH. B eIMHUYHBIX C/lydasix HaOmogamu ekaabHble
Gostochl.

Oco0eHHOCTH TTOBeZIeHUS )KUBOTHBIX C 0’KOTOBOM
TpaBMoi B TecTe [TKJI moaTBepxaaoT hopmMupo-
BaHUe (PU3MUeCKOT0 UCTOLLeHUs], SMOLIMOHATIBLHOTO
HarpsDKeHWs B paHHUW MepUOoZ, 0)KOTOBOTO TIPOLieC-
ca (Tabs. 2). DTo NPOSAB/SIIOCh 3aMETHBIM YMEHb-
LIeHMeM Ha 2—4 CYTKU UMC/ia BBIXOZOB B OTKPBITHIE
YaCTH JTaOUPUHTA U AJTUTETbHOCTBIO TIPeObIBaHUS
Ha HUX (p<0,001); yrHeTeHueM JBUTATebLHOMU
aKTUBHOCTHU (MpeObIBaHUE B TEMHBIX 3aKPBITBIX
oTAenax JlabMpUHTA, TlepeceueHre LeHTPaJIbHOU
30HbI) (p<0,05). Kpome Toro, yrueranack U nosHa-
BaTe/ibHasi aKTUBHOCTh (BePTHKAJ/IbHbIE MOJIOKEHUSI
TeJa, «BbITJISIIbIBAHNS» U3 3aKPBITBIX OT/[€/I0B J1abu-
PUHTA, «CBeLINBaHUs» C OTKPHITHIX OTZAe/ax 1abupuH-
ta) (p<0,001) MO CpaBHEHUIO C UHTAKTHBIMHU 0COOSIMHU.

OpHako yBeMurBalIvCh I0Ka3areu KpaTKOBpeMeH-
Horo rpymuHra (p<0,01), JIIT Beixozja B OTKPBITbIE
otzessl mabupunTa (p<0,05) ¥ IPOAOIKUTETLHOCTD
¢pusunra (p<0,001). [ToBbiIeHHAs1 TPEBOXXHOCTh
CcoXpaHsijiach B TeueHHe NepBoii Hejenu (7 CYyTKH),
YTO TPOSIB/ISIIOCH B BU/Ie CHYDKeHUs TpeObIBaHUS
B OTKPBITHIX U YBeJIMUeHUs — B 3aKPBIThIX YaCTIX
nabupunTa (p<0,001); ymMeHbIIIeHUs 1eHTPaTbHBIX
nepexonoB (p<0,05). Kpome Toro, yrHeTranach
Y M03HaBaTe/bHasi akTUBHOCTh. K cepeauHe BTOpOi
Hegeny (10 cyTKu), yBe/TMUMIOCh BpeMsi IIPOBeJjleHHOe
B OTKPBITHIX pyKaBax, Oosee uem Ha 40 % (p<0,05)
B CPaBHEHUU C TPYIIION KPBIC «2 CyTKW». Takke ObLIO
BBISIBJIEHO TOBBIIIEHNE KOJIMYECTBA CTOEK, ITepexXo/i0B
yepes LIEHTP, «CBeLIMBaHUI» C OTKPBITBIX PYKAaBOB,
«BBIIVISI/IbIBAHU» W3 3aKPBITIX PYKaBOB, TPyMHUHTIa
B CPaBHEHUU C KUBOTHBIMU «OKOI 2 CyTKW».

Takum 00pa3oM, pe3y/bTaThl UCCIeI0BAHUS B TECTe
[TKJI yka3bIBalOT Ha pa3BUTHe Ha (POHe 0XKOIOBOIO
CTpecca COCTOSIHMS MOBBILLIEHHOM CUTyaTUBHOM Moza-
B/IEHHOCTH U TPEBOXKHOCTH.

BniMsiHMe 0XXOroBoi TPaBMbl Ha MOBEJ,EHUE XMBOTHDIX B TecTe «[IpUnofHATbI KpecToo6pa3Hbiit NabupuHT» (MKI) fadna 2
MoBefeHuyeckme nokasatenu (M + m) KowTponb Oxor Oxor Oxor Oxor
(MHTaKTHbIE) 2 cyTKu 4 cyTKM 7 cyTKuK 10 cyTku
Mpe6biBaHWe B OTKPbITbIX pyKaBax, C 151,5+3,6 98,7 + 4,2%** 117,8 £ 7,9%* 123,7 £2,7%** | 162,3 + 5, 1##
J1MN BbIXOAA B OTKPbITbIE pyKaBa, C 1,6 £0,1 13,8 +0,7* 10,5+ 0,6* 6,8 + 0,3* 3,5+ 0,3##
MpebbiBaHue B 3aKpbITbIX pyKaBax, C 1452+ 3,3 199,1 = 4,7** 179,6 = 4,7** 173,5+3,7* 134,8 + 3,3##
Bbixoabl B LLEHTP 1,9+0,2 1,1 £0,1%* 1,5 £ 0,4%* 1,8 £0,1** 2,2 +0,5#
Bpems, NnpoBefeHHOe B LEHTPE, C 33%1,0 2,2+0,5% 2,6 £0,1* 2,8 +0,3* 2,9 + 0,5##
Mepexoabl Yepes LEHTP 44+0,5 3,2+0,3* 3,8+0,1* 4,1 +0,1** 4,7 +0,1#
Crovikmn 41102 1,7 £0,7%** 2,1+ 0,4%* 3,4 0,17 4,5+ 0,2##
«CBelmnBaH1sA» C OTKPbITbIX PyKaBoB 1,1+0,2 0,8 £ 0,71*** 0,6 + 0,7%** 0,7 £ 0,2%* 1,3+ 0,1##
«BbIrnaabiBaHWUs» U3 3aKpbITbIX PyKaBoB 20+04 0,8 £ 0,1*** 0,9 £ 0,1%** 1,2+ 0,1** 1,4+ 0,1##
dekanbHble 60/1t0Cbl 1,3+0,2 1,9 £ 0,3** 2,3 +0,3** 1,5+ 0,2** 1,1+0,1#
DpusnHr 1,1+04 9,1 £ 0,71%** 4,5+ 0,1%** 2,5+ 0,1%* 0,7 £ 0,2##
IpyMuHr 4104 720,1%* 6,7 £ 0,4%* 6,2+0,1* 57 +0,1#

lMNpumeyvaHue: *—p<0,05, ** — p<0,01; *** — p<0,001 — oTHOCUTENBHO KOHTPONA; #— p<0,05; ## —p<0,01;
### — p<0,001 — oTHOCKTENBHO rpynnbl «Oxor, 2 cyTKu» (t-KpuTepuii CTbiofieHTa ¢ nonpaekoi boHbeppoH©)
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Table 2
Effect of burn injury on animal behavior in the test «Elevated cruciform maze» (ECM)
Intact animals not
. . On the 2nd day On the 4nd day On the 7nd day 10 days after the
Indicators of behavior (M + m) expo(ii(;l]ttrcz)lt;urns after the burn after the burn after the burn burn
Staying in open sleeves, s 151.5+3.6 98.744.2%** 117.817.9%* 123.7+2.7%%* 162.3+5.1##
Latent period of exit into open sleeves, s 1.6£0.1 13.8+0.7* 10.5+0.6* 6.8+0.3* 3.520.3##
Staying in closed sleeves, s 145.2+3.3 199.1+4.7** 179.624.7** 173.5+3.7* 134.8+3.3##
Exits to the center 1.9+0.2 1.1£0.1%* 1.5£0.4%* 1.8+0.1%* 2.2+0.5#
Time spent at the centre, s 3.311.0 2.240.5*% 2.610.1* 2.8+0.3* 2.9+0.5##
Transitions through the center 4.440.5 3.240.3** 3.840.1** 4.140.1** 4.7+0.1#
vertical stand 4.110.2 1.7£0.1%%* 2.140.4%** 3.440.7%** 4.520.2##
«Hanging» from open sleeves 1.1+0.2 0.840.7*** 0.6£0.7*** 0.74£0.2%* 1.310.1#4#
«Peeking out» of closed sleeves 2.0+0.4 0.840.7*** 0.940.7%** 1.2£0.1** 1.4+0.1##
Fecal boluses 1.310.2 1.940.3** 2.310.3** 1.540.2%* 1.120.1#
Friezing 1.1£0.4 9.10.71%** 4.5+0.7%** 2.520.1** 0.70.2##
Grooming 4.1+0.4 7.2+0.1%* 6.710.4%* 6.20.1* 5.7+0.1#

Note: *—p < 0.05,**—p<0.01;,***—p<0.007 — relative to control; #—p < 0.05; ##—p < 0.07;
###—p<0.001 — relative to the group «Burn, 2 days» (Student’s Bonferroni-adjusted t-test)

B ycnoBusix ¢pu3Monornyeckoii HOpMbl KUBOTHbIE
13 KOHTPOJIbHOM TPYTIIbI MOKa3biBaiu B TecTe «Cy-
OK-TeCT» MPU3HAKW HOPMAa/IbHOTO COCTOSIHUS, JIaTeHTHBIN
TIepyo7; BbIX0/la U3 IieHTpa ObLT He A/TeTbHBIM. Bpemsi,
NIPOBe/IeHHOE B CBETVIOM OTCeKe, COOTBETCTBOBAJIO Bpe-
MeHH, TIPOBe/IEHHOM B TEMHOM OTCeKe. TeMIl JBIKeHust
611 yMepeHHBIM. JKUBOTHBIE CTTIOKOHHO M3MEeHSIIH T0-
PU30HTA/IbHOE TIOJIOKeHKe Tejla Ha BepTHUKaibHoe, Oe3
OTIOpPbI O CTEHKY YCTaHOBKH U C OIOPOM, IepeceKaar
LIEHTPaJTbHYIO 30Hy YCTaHOBKHU. B eJUHUYHBIX C/Tyuasx
Hab/roamM (heKastbHbIe OOJTFOCHI.

B rubpugHoii mozenu CT KUBOTHBIE C 0’)KOTOBOM
TpaBMO# TTOKa3bIBaIu 001[He NTPHU3HAKK OTlaceHusI
Y TPEBOXXHOCTH, TIPUYEM KaK B CBET/IOM, TaK U TEMHOM
orcekax tuiaHku (Tab6s. 3). Ha 2—4 cyTKu 3KcIiepu-
MeHTa B CBET/IOH [O/IOBUHE 11IeCTa YTHETeHUe TOPU30H-
Ta/lbHOM [jBUraTe/IbHON aKTHBHOCTH COIIPOBOXK/AI0Ch
JOCTOBEPHBIM CHIKeHueM Temna Jprkenus (p<0,001),
KO/IMYeCTBa MoceleHHbIX cerMeHToB (p<0,01), mepexo-
J0B yepe3 LieHTp (p<0,001). JIaTeHTHbIIA TepHOZ, BbIXOAA
13 LIeHTpa TakxKe yBe/IMuuBascs B 3TU cpoku (p<0,01).
[1pu 5TOM Tak)ke MOAAB/s/IACH OPUEHTHUPOBOYHO-TI0-
3HaBaTe/IbCKasi aKTUBHOCTh (HarlpaB/ieHHble [IBUKeHUs
rOJIOBOM, «3ar/isaAbiBaHus» BHU3) (p<0,01). B atoT
nieproz; Hab/MoAaIu yBeinueHre BpeMeHH Tpe0ObiBa-
Hus B cBetsioit monoBuHe CT (p<0,001), yuarjeHue

PHYSIOLOGY OF STRESS INFLUENCES

COCKasb3bIBaHUM 3agHux aamn (p<0,01), yBenuueHue
akToB Aedekarmu (p<0,05) ¥ aKTOB KpaTKOBPEMEHHOTO
rpymunra (p<0,01).

Hapsny ¢ stum B TeMHOM oTceke CT Ha 2—4 CyTKU
ObLI0 OTMEUEHO YMeHbIIIeHHe BpeMeHH TpeObIBaHus
B TeMHOM oTceke (p<0,001) u cHI>KeHHe TToCel[eHHBIX
cermeHTOB (p<0,01), mogaeeHye Uccie0BaTeIbCKOIO
TIOBe/IeHUs], TTPOSIBISIIOILIEECs] JOCTOBEPHBIM CHIDKEHUEM
«3aryisibiBanui BHU3» (p<0,001) u uncia HarpaB-
JIEHHBIX JIBW>KeHUM ronosoi (p<0,05). B 3Ty cpoku
Habsirofianmy yualljeHre COCKasb3bIBaHUM 3aJHUX Jarl
Ha 50 % (p<0,01), yBenuueHue akTOB JiedheKariuu
Y TOKa3aresiel KpaTkoBpeMeHHoro rpymuHra (p<0,01)
TI0 CPaBHEHUIO C KOHTPO/IbHbIMU 3HaueHusiMu (Tabm. 3).

IIpu aHanu3e noBeZieHUs XUBOTHBIX Ha 7 U 10 cyT-
KU1 TI0C/IE0)KOTOBOTO TIEPUOZA PErUCTPUPOBAJIU MOCTe-
reHHoe yBennueHue Bpemenu (p<0,001), mpoBegeH-
HOTO B TEMHOM OTCEKe, a TaK)Ke UMCJIa MOCe|eHHbIX
cerMeHTOB B TeMHOM oTceke (p<0,01) mo cpaBHeHUtO
€ 2 ¥ 4 cyTKamy, NoKa3are/v NpUPaBHUBAJIMCH K KOH-
TPOJIbHBIM 3HaueHUsM. K KOHLy epBoi HeJje/iv 3KC-
TIepUMeHTa BbISIB/ISTA U3MEeHeHe UCC/Ie0BaTe/TbCKOr0
nosefienus (p<0,001), a K cepeguHe BTOPOU Heeu
OTMeYasiv yBe/JndyeHre TeMIla JABW)KeHHUsI U TPYMUHIa
(p<0,01), ymenbliieHue akToB Aedekaruu (p<0,05)
KaK B CBeTJIOH, TaK ¥ B TEMHOM CTOPOHE YCTaHOBKU.
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Taénuya 3
BnusiHne 0)koroeoi TpaBMbl Ha NOBef,eHNe XXUBOTHbIX B TecTe «CyoK-TecT»
KoHTponb Oxor Oxor Oxor Oxor
MoBepaeHuyeckue nokasatenu (M + m)
(MHTaKTHbIE) 2 cyTku 4 cyTKu 7 cyTku 10 cyTku
JlaTeHTHbIN Nepuopg BbIXxoAa U3 LEHTPA, C 51+1,2 12,4 +1,4** 10,2+0,6** 7,940,4* 3,4+0,4*
CseTnbivi otcek CT
Bpems, npoBefeHHOe B oTCeke, C 144,048,2 200,41 2,5%** 189,543,7*** 150,4+3,1* 123,542,2%*
Yncno noceleHHbIX CErMEHTOB 80+1,3 3,240,2** 5,3+0,4** 8,5+0,4* 12,3+0,1**
Yncno oCcTaHOBOK B OTCEKE 2,310,03 0,410,01** 0,61£0,01** 1,8+0,03* 5,6+0,08*
«3arnaablBaHUSA» BHU3 5,310,3 2,0+0,3** 3,810,3** 4,6+0,3* 5,910,4
HanpaBneHHble ABUXEHUS FONOBOWM 0,50,1 0,7+0,4* 0,6+0,1* 0,8+0,1* 1,20,1%**
Cockanb3blBaHMsA 3agHuKX nan 1,610,1 3,0+0,4** 2,810,3** 2,6+0,2%** 1,940,1*
CpepHee pacCTosiHMe Mexay OCTaHOBKaMm 1,7+0,3 0,9+0,05** 1,40,2* 1,50,2* 1,610,1
Temn ABUXKEHMS, nocelleHHble cermeHTbl/300 ¢ 0,1+£0,02 0,06 + 0,07 *** 0,07£0,07*** 0,1+0,02* 0,3+0,02**
pPyMuUHr 2,7+05 8,5+0,1** 6,4+0,1** 3,4+0,8** 1,510,4**
Yucno dekanbHbix 6010COB 0,2+0,1 1,5+0,1* 1,3+0,1* 0,8+0,02* 0,4+0,01*
TeMHbINn oTcek CT
Bpems, npoBefeHHOE B OTCEKE, C 149,0+2,2 87,213,6%** 95,813,0%** 103,613,5*** 117,941,5%**
Yucno noceleHHbIX CErMEHTOB 14,2+1,4 9,240,4** 12,3+0,7** 14,8+0,7 18,3+0,4*
Yucno ocTtaHOBOK B OTCEKe 6,1+0,4 4,8+0,1** 4,9+0,1** 5,1+0,2* 5,310,2*
«3arnaabiBaHUSA» BHU3 6,310,2 4,2+0,3%** 4,8+0,1%** 5,20,1%** 5,7+0,3*
HanpaBneHHble ABUXEHUS FONOBOWM 7,841,2 3,8+0,3* 4,610,2* 4,840,3* 5,3+0,1**
Cockanb3biBaHMA 3agHMX nan 2,140,3 4,7+0,3** 4,2+0,2*%* 3,740,1** 3,2+0,2**
CpepnHee pacCTosiHME Mex Ay OCTaHOBKaMm 2,6+0,4 2,9+0,3* 2,8+0,7 2,4+0,4* 2,3+0,3*
Temn ABUXKEHMS, nocelleHHble cermeHTbl/300 ¢ 0,18+0,02 0,15+0,01* 0,2+0,01* 0,2+0,01* 0,3+0,02*
pyMUHr 2,1+0,4 5,40,1** 4,8+0,1** 4,2+0,6** 3,1£0,4**
Yucno dekanbHbix 601H0COB 0,30,1 1,1£0,2* 1,1+0,2* 0,8+0,1* 0,2+0,2*
lNpumeydaHue: * — p<0,05; ** — p<0,01; *** — p<0,001 — OTHOCUTENBHO KOHTPONS;
(t-kpuTepwuin CTblofeHTa ¢ nonpaBkoi boHbeppoHn)
Table 3
Effect of burn injury on animal behavior in the test «Bitch test»
Intact animals not exposed On the 2nd On the 4nd On the 7nd 10 days after
Indicators of behavior (M + m) P day after the | day after the | day after the y
to burns (control) the burn
burn burn burn
Latent period of exit into open sleeves, s 5.1+1.2 12.4 +1.4%* 10.240.6** 7.9+0.4*% 3.440.4*
Light compartment
Time spent in the compartment, s 144.0+8.2 2202*113 189.5+3.7%** | 150.443.1* | 123.5+2.2**
Number of segments visited 8.0+1.3 3.240.2%* 5.3+0.4** 8.510.4* 12.320.1**
Number of stops in the compartment 2.340.03 0.4+0.071** 0.6+0.071** 1.8+0.03* 5.6+0.08*
«Looking Down» 5.310.3 2.0£0.3** 3.810.3** 4.60.3* 5.9+0.4
Directional head movements 0.50.1 0.710.4* 0.620.1* 0.8+0.1* 1.240.77%**
Hind foot slips 1.640.1 3.010.4** 2.80.3** 2.610.2%** 1.940.1*
Average distance between stops 1.74¢0.3 0.94£0.05** 1.4+£0.2* 1.54£0.2* 1.6£0.1
Pace of movement, visited segments /300 s 0.1+0.02 (;)é)ﬁj* 0.07£0.07*** | 0.1+0.02* 0.3+0.02**
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End table 3
. . Intact animals not exposed On the 2nd On the 4nd On the 7nd 10 days after
Indicators of behavior (M + m) day after the | day after the | day after the
to burns (control) burn burn burn the burn
Grooming 2.7+0.5 8.5+0.1** 6.4+0.1** 3.4+0.8** 1.50.4%*
Number of faecal boluses 0.2+0.1 1.520.1* 1.320.1* 0.8+0.02* 0.4+0.01*
Dark compartment

Time spent in the compartment, s 149.042.2 87.2+3.6%** | 95.843.0%** | 103.6+3.5*** | 117.9+1.5%**
Number of segments visited 14.2+1.4 9.2+0.4** 12.320.7%* 14.810.7 18.310.4*
Number of stops in the compartment 6.1+0.4 4.840.1** 4.940.7** 5.1+0.2* 5.310.2*
«Looking Down» 6.3+0.2 4.240.3%*%* 4.8+0.7%** 5.2+0.7%** 5.710.3*
Directional head movements 7.8t1.2 3.8+0.3* 4.6+0.2* 4.8+0.3* 5.310.1**
Hind foot slips 2.1+0.3 4.7+0.3%* 4.2+0.2%* 3.710.1** 3.2+0.2**
Average distance between stops 2.610.4 2.9+0.3* 2.8+0.7 2.4+0.4* 2.310.3*
Pace of movement, visited segments /300 s 0.18+0.02 0.15+0.01* 0.2+0.01* 0.2+0.01* 0.3+0.02*
Grooming 2.1+0.4 5.440.1** 4.8+0.1** 4.2+0.6%* 3.1+0.4**
Number of fecal boluses 0.3+0.1 1.1£0.2* 1.120.2* 0.8+0.1* 0.2+0.2*

Note: *—p < 0.05,**—p < 0.01;***—p < 0.001 — relative to control; (Student’s Bonferroni-adjusted t-test)

B ycioBusix dhv3nonornyueckoil HOpMbI )KUBOTHbBIE
13 KOHTPOJILHOM T'PYTITIBI TOKa3biBaau B TecTe «I1op-
COJIT» TIPU3HAKH HOPMAJ/IbHOTO COCTOSTHUS, HAUMHATA
JBUTATbCsI C MOMEHTa OIyCKaHus B BOAy. JKUBOTHbIe
aKTUBHO JIBUTA/TMCh B BOJIe, MHOT A HBIPST. [ToKa3are-
JI1 IMMOOW/TBHOCTH U JIATEHTHOTO TIEPUOA /10 TIEPBOH
UMMOOUILHOCTH OBI/TM BBICOKUMU. [[JTUTENBHOCTD
aKTHMBHOTO TIJIaBaHUs TIPeBbIllIajia MacCCUBHOeE TjlaBa-
HUe. B efUHUYHBIX C/Tydasix HaOmomanu dekanbHbIe
GOJTIOCHI.

B ycnoBuUsix 03K0roBoii TpaBMbI B TecTe «Ilopcomm»

JKUBOTHBIE B PaHHUH Mepuoj] 2—4 CyTKHU TaksKe MposiB-
JISTTA TIPU3HAKK YTHETEHHOTO U JIeTIpe CCUBHOMOA00HOTO
coctosinus (Tabs1. 4). Bbio 0TMEUEHO ZJ0CTOBEPHOE
yBenuueHye JII1 HauabHOTO MPOSIB/IEHUS ABUTaTe/TbHOM
akTiBHOCTH (p<0,001), A/TUTETBHOCTH UMMOOUTBHO-
CTH, a Takxe cHWKeHue JIII o cpaBHeHUIO C UHTAKT-
HbIMH 0cobsimu (p<0,001). B 6osbliieti cTereHu ObLIO
OTMeueHO naccuBHoe myiaBaHue (p<0,001), mpu 3ToM
BpeMsi aKTUBHOT'O T/IaBaHuUsi cOKpaTuioch (p<0,05).

Ta6nunya 4
BnusiHue 0)Xkoroeoi TpaBMbl Ha NoBefieH1e XXMBOTHbIX B TecTe «[opconT»
KoHTponb Oxor Oxor Oxor Oxor
MoBepaeHuyeckue nokasatenu (M+m)
(MHTaKTHbIE) 2 cyTkm 4 cyTkmn 7 cyTkM 10 cyTkM
JIN go 1-ro ABUXeHUSA, C 1,5+0,1 3,1+£0,3%** 2,7+0,3%** 2,610,6%** 2,3+0,4**
N po 1-1 UMMOBUNBHOCTH, C 254,7+17,6 71,5+ 7, 2%** 124,5+4,8 154,5+9,8*** 198,6+12,3**
MNMMOBUNBbHOCTB, € 30,3+1,2 60,6 + 2,4%** 51,742,4%* 38,2+0,9* 23,4+1,1%*
[MaccuBHOe nnaBaHue, ¢ 80,8+7,1 130,2 + 2,7%** 124,7+2,7%** 101,6+2,7* 70,2+2,7*%
AKTVBHOE NnaBaHue, ¢ 1889 +6,5 109,2 + 5,2%* 124,614,3** 160,246,8** 206,416,2*
dekanbHble 60nt0ChI 1,2+0,1 3,4+ 1,2%* 3,1+0,8** 1,9+0,2%* 1,4+0,1*
lNpumeyanme: *—p<0,05; * —p<0,01; *** — p<0,001 — OTHOCKTENBHO KOHTPONS
(t-kpuTepwuin CTblofeHTa ¢ nonpaBkoi boHbeppoHn)
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Table 4
Effect of burn injury on animal behavior in test «Porsolt»
idcaorsofbehvior (i) | mtoposedts | gy | Onthesndder | ontremdder | 10
urns (control)

Latent period before the first movement, s 1.5+0.1 3.1 +£0.3%** 2.7+0.3%** 2.610.6%** 2.310.4**
Latent period to first immobility, s 254.7+17.6 71.51 7. 2%+ 124.5+4.8 154.519.8*** 198.6+12.3**
Immobility, s 30.3+1.2 60.6 + 2.4%** 51.7+2.4%* 38.2+0.9* 23.4+1.1%*
Passive swimming, s 80.8+7.1 130.2 £ 2.7%%* 124.742. 7% 101.62.7* 70.242.7*
Active swimming, s 188.9+6.5 109.2 + 5.2%* 124.614.3** 160.216.8** 206.416.2*
Number of fecal boluses 1.2+0.1 3.41 1.2%* 3.110.8** 1.940.2%* 1.440.1%*

Note: *—p < 0.05;**—p < 0.01;***—p < 0.001 — relative to control (Student’s Bonferroni-adjusted t-test)

K 7 cyTkam Tax>ke Habrofjany JoCTOBEpHOe yBe-
AuueHue ateHTHOro nepuoza (p<0,001) go mepsoro
JIBVDKEHUS U 10 T1epBOi IMMOOM/TBHOCTH, OTHOCHTE/THHO
KoHTpoJ1s1. CpaBHMBAsi MEeXKCYTOUHbIe TIOKa3aTeny obe-
3ABI>KEHHOCTH, OTIpe/le/TU/IN COKpallleHHe BpeMeH!
Ha 7 cytku (p<0,001), TakxKe coKpaiiaaach MpoJ0/KH-
TeBbHOCTD naccuBHOrO miaBaHuys. K 10 cytkam otMeya-
JI1 YMEeHbIIIeHre BpeMeHH, IPOBeJeHHOI'0 B [TaCCHMBHOM

COCTOSIHWY, YBeJIMueHue IBUraTe/ibHON aKTHBHOCTH,
10 CPaBHEHUIO € Tpynmon «OxXor, 2 CyTKu».

AKTUBHOCTb MepeKHMCHOTO OKHCIeHUS JTUTIH0B
B rOMOreHare ruriotajaMyca v rnpedpoHTaIbHOM JI0/T|
T'0JIOBHOT'O MO3ra OLIeHUBAJIH 110 TT0Ka3aTesisiM, OTpaka-
FOLIM MCXOZHBIA YPOBEHb MaJIOHOBOTO [TUAJTbIETH/IA,
CKOPOCTHU CTIOHTAHHOTO M aCKOpOAT3aBUCHMOTO Tiepe-
KHACHOTO OKUC/IeHUs JTATIUOB U aKTUBHOCTh (pepMeHTa
Kartasasel (Tabm. 5, 6).

Ta6nuya 5
Mokasarenu MOJ1 runoTanaMmuyeckol 0651acTi FOJIOBHOrO MO3ra KPbIC B YC/IOBUSIX 0XKOFrOBOI TPaBMbl
YposeHb 10]1
Buoxumuueckme nokasarenu McXoAHBIN ypoBEHb CKOpOCTb CMOHTAHHOTO CkopocTb AKTUBHOCTb
M+m) MJA, M+m, Mos, M+m, ackop6aT3aBucumoro M0/, KaTanasbl, %
HMOJb/T TKaHU HMONb/T-Y M+m, HMoNb/r-y

KoHTponb 25,7+1,3 2,4+0,2 14,3+0,7 5,410,1
«Oxor, 2 CyTKW» 42,4+0,7*** 6,5+0,2*** 21,410,5%** 8,9+0,1***
«Oxor, 4 CyTKu» 37,1+0,4* 4,5+0,2%** 18,3+0,2%** 8,110,07**
«Oxor, 7 cyTKu» 33,940,1%** 3,720,1%** 17,8+0,2%** 6,810,13*%**
«Oxor, 10 cyTku» 28,910,4*, ### 2,8+0,1%, ### 16,410,4*%*, ##t# 5,8+0,3*

lMpumeyanune: * — p<0,05; ** — p<0,01; *** — p<0,001 — oTHOCUTENBHO rPyNnbl «KOHTPONby, #— p<0,05; ##— p<0,07;
### — p<0,001 — oTHOCKTENBHO rpynnbl «Oxor, 2 cyTKu» (t-KpuTepuii CTbiofieHTa ¢ nonpaekoi boHbeppoHn)

Table 5
Rat hypothalamic brain lipid peroxidation in burn injury
Lipid peroxidation level
Biochemical parameters Initial level of malonic Spontaneous rate lipid | Ascorbic-dependent speed Catalase
(Mzm) dialdehyde, M+m, peroxidation, M+m, lipid peroxidation, M+m, activity, %
nanomol /grams of tissue nanomol /g-h nanomol /g-h

Intact animals not exposed to 257413 24402 143+07 54+0.1
burns (control)
On the 2nd day after the burn 42.4 + 0.7%*%* 6.5 £ 0.2%** 21.4 £ 0.5%** 8.9 £ 0.1***
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End table 3
Lipid peroxidation level
Biochemical parameters Initial level of malonic Spontaneous rate lipid Ascorbic-dependent speed CaTa.Iasoe
(Mm) dialdehyde, M+m, peroxidation, M+m, lipid peroxidation, M+m, activity, %
nanomol /grams of tissue nanomol /g-h nanomol /g-h
On the 4nd day after the burn 37.1£0.4* 4.540.2%** 18.310.2%** 8.1+0.07***
On the 7nd day after the burn 33.940.71%** 3.7+0.7%** 17.8+0.2%** 6.810.13***
10 days after the burn 28.9+0.4%, ### 2.8+0.1%, ### 16.4+0.4%*, ### 5.840.3*

Note: *—p < 0.05;**—p <0.07;***—p < 0.0071 — relative to control; #—p < 0.05; # #—p < 0.07;
###—p<0.001 — relative to the group «Burn, 2 days» (Student’s Bonferroni-adjusted t-test)

B ¢u3uonornueckux ycioBUsX Y KUBOTHBIX
KOHTPOJILHOM TPYyMIbl Ype3MEPHOT0 HAKOIJIEHUsI TH-
JporiepeKuceli He IPOUCXOAUT, Tak Kak nporeccsl ITOJI
HaXOZATCS MOJ, KOHTPOJIEM CUCTEMbI aHTUOKCHJAHTHOM
3aIUTHL. YPOBeHb KaTasia3bl B TUIIOTalaMA4eCKoM 06-
JIACTH TOJIOBHOTO MO3ra KpbIC B YC/IOBUSIX 0)KOTOBOM
TPaBMbI HAXOJUTCA B Mpefie/iax HOpMaJIbHbIX 3HAUeHUM.

[Ipu n3yuenun nuteHcuBHocTty I10JI rumnora-
JlaMHueCcKoM 06/1aCcTH TOJIOBHOTO MO3ra KpbIC OBLIO
YCTaHOBJIEHO, YTO TepMUYeCKasi TpaBMa MPUBOAMIA
K YBeJINUeHUIO MPOAYKTOB [TepeKUCHOI0 OKUC/IEHUS]
10 CPaBHEHUIO C KOHTPOJIbHBIMM 3HaueHusIMU. Tak,
Ha 2 CyTKU nocJie oykora ypoBeHb MIA niogHUMascs
Ha 58,7 % 1o cpaBHeHHUIO C rpynmnoi «KoHTposib»,
ckopocTs crioHTtadHoro [10J1 yBennuuBanace B 2,5 pasa,
a ckopocTh ackopbar3aBucumoro [10JI—B 1,5 pa3sa.
Ha 10 cyTku oTMeuasu BOCCTaHOBJIeHUEe B TOMOTe-

HaTe TKaHU T'MroTajgaMyca UCXOAHOro ypoBHS M/IA,
CKOpOCTeM CIOHTaHHOTO U ackopbat3asucumoro I10JT
TI0 CpaBHEHMUIO ¢ Tpymmnoi «KoHTposb». Hapsigy ¢ aTum
UCXOAHBIN ypoBeHb M/IA B uepe3 1,5 Hefie/in CHYDKaCst
Ha 30 % (p<0,001) oTHOCHTeNBbHO TPYHIBI «OXKOT,
2 cytku». OTMeuanu Takxke JOCTOBEPHOE CHIDKeHUe
crionTanHoro ITOJT Ha 57 % (p<0,001) u ackopbaTt3a-
Bucumoro I1OJT Ha 23,3 % (p<0,001) oTHOCUTENMHHO
JKUBOTHBIX TPYTIBI «OXKOT, 2 CYyTKW».

CnefyeT OTMETUTh yBe/IMUeHHe aKTUBHOCTH KaTa-
71a3bl B THIOTaIaMUueCckoi 06/1acTy roJIoBHOTO MO3ra
JKMBOTHBIX Ha 2 CYyTKH «OKOTOBOro» cTpecca Ha 65 %
(p<0,001) 1 Ha 50 % (p<0,001) Ha 4 cyTKH, Ha 26 %
(p<0, 01) Ha 7 cyTKH, TIO CpaBHEHUIO C TPyIon «KoH-
Tposib». OfHaKo K 10 cTykam HabroaIu oCTerneHHoe
BOCCTaHOBJ/IEHHE aKTUBHOCTH KaTasiasbl 10 HOPMaJIbHbIX
3HaueHut (p<0, 05).

Ta6nunya 6
Mokasartenu MOJ1 npedpoHTaNbHOI 061aCTU FONOBHOIO MO3ra KpbiC B YC/IOBUSIX O)KOrOBOM TPaBMbl
YposeHb [10J1
Buoxumunyeckue nokasarenu AKTUBHOCTb
M+m) McxoaHbin yposeHb MIA, |  CKOpOCTb CMOHTaHHOO Cropoctb ackop6ar- kaTanasbl, %
3asucumoro MOoJ1, Mtm,
M+m, HMONb/I TKaHu MOJ1, Mtm, HMonNb/r-y4
HMONb/T-4
KoHTponb 17,8410,7 4,1+0,2 13,840,9 6,9+0,7
«Oxor, 2 cyTKu» 29,4+0,5%* 8,3+0,4** 21,70,8** 12,440,8%**
«Oxor, 4 cyTKu» 32,342,3%** 7,920,7%* 19,3+1,5%* 11,7+0,9%*
«Oxor, 7 cyTKu» 25,342, 7% # 6,8+0,5%** # 17,410,9*# 10,6+1,0%*
«Oxor, 10 cyTku» 19,1+0,5* ### 4,8+0,4% #i#t# 15,810,5* ### 8,4+1,03*

lNpumeyanume: *— p<0,05; * —p<0,01; ***— p<0,001 — oTHOCUTENBLHO rPYNMbl «KOHTpONby, #— p<0,05; ## — p<0,01;

### — p<0,001 — oTHOCUTENBHO FPyMMbl «OXOr, 2 CyTKW» (t-KpuTepuii CTbrofeHTa ¢ nonpaskoli boHdeppoHm)
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Table 6
Rat prefrontal brain lipid peroxidation in burn injury
Lipid Peroxidation level
Biochemicaiparameters Initial level of malonic Spontaneous rate Lipid | Ascorbic-dependent speed Catalass activity,
Mtm) dialdehyde, M+m, nanomol Peroxidation, M+m, Lipid Peroxidation, M+m, %
/ grams of tissue nanomol /g-h nanomol /g-h
Intact animals not exposed to burns 17.840.7 41402 13.840.9 6.9+0.7
(control)
On the 2nd day after the burn 29.4+0.5%* 8.3£0.4** 21.7+0.8** 12.4+0.8%**
On the 4nd day after the burn 32.342.3%** 7.910.7** 19.311.5%* 11.7+0.9%*
On the 7nd day after the burn 25.3+2.7%# 6.810.5%** # 17.4+0.9%# 10.6£1.0**
10 days after the burn 19.1+0.5% #4## 4.8+0.4*% ### 15.8+0.5% ### 8.4+1.03*

Note: *— p<0,05; ** —p<0,07; *** — p<0,001 — relative to control; # — p<0,05; ## — p<0,01; ### —p<0,001 — relative to the

group «Burn, 2 days» (Student’s Bonferroni-adjusted t-test)

IMpu n3yuenuu naredcuBHocty [TOJT nipedppoH-
Ta/IbHOW 06/1aCTH FOJIOBHOTO MO3Ta y WHTAKTHBIX
JKUBOTHBIX U3 IPyTiIbl « KOHTPOsB» MOKa3aTenu Obuti
B IIpeJiesiaX HOPMaJIbHbIX 3HaUeHHUH. AKTUBHOCTb aH-
THUOKCUJAHTHOTO (pepMeHTa KaTasia3bl COOTBETCTBOBAsIA
(u3nonoruuecKrM rokasaresisiM, UTO CBUZETEe/IbCTBO-
BaJIO O HM3KOM yYPOBHe IePOKCHUALIAN.

Ha ¢one oxoroBoro Bo3jeiicTBUsI yCTaHOBIEHO
yBeJIMYeHue UCXOAHOTo ypoBHSI MIA, ckopocTeit
CTIOHTAHHOTO U ackopbar3aBucumoro [1OJI B paHHME
Nepro/bl 0XKOTOBOM TPaBMbI (Ha 2 U 4 CyTKH) B CpejHEM
B 2 pa3a (p<0,01) mo cpaBHEHUIO C KOHTPOJIbHBIMU
3HaueHUsAMHU. MakCuMasbHOe yBe/nueHne YPOBHS
M/A Ha 65 % (p<0,001) Habromamu Ha 4-e CyTKU
rocJie 0XoroBou TpaBMbl. K KOHIy nepBoii Hefenu
MOCTOKOTOBOrO Teproza (7 cyTku) ypoBeHb MIA
HauvHaeT cHWKaTbcs Ha 14 % (p<0,05) o cpaBHeHMIO
C Tpymmou «2 cyTku». Ha 7 cyTKu B roMoreHare TKa-
HU npepOHTAIBLHOM 00/1aCTH OTMeYasv yBeTuueHue
ckopoctu crioHTanHoro ITOJT Ha 65,8 % (p<0,001)
u ackopbar3aBucumoro ITOJI Ha 26 % (p<0,05)
T10 CPaBHEHHIO C I0Ka3aTessiMy rpymibl «KOHTposIb».
K cepenune Bropoit Hezmenu (10 cyTkam) Habromamm
BOCCTaHOBJIeHHe rcxogHoro ypoBHs MIA (p<0,05),
a Takxe ckopocTeli (hepMeHTaTUBHOTO U HedepmeH-
taruBHoro [1OJI (p<0,05) mo cpaBHeHUIO C KOHTPOJIb-
HBIMU 3HaueHUsIMU. Takke B 3TOT Mepuo/, Habmroaamu
cHwKeHue Ha 35 % (p<0,001) ucxogHoro ypoBHs M/IA,
a Tak>xe CKOpocTeii (hepMeHTaTUBHOTO U HehepMeHTa-
tuBHoro 10/ Ha 42 % (p<0,001) u Ha 27 % (p<0,001)
COOTBETCTBEHHO OTHOCUTE/BHO TPYIIIBI «2 CyTKU».
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AKTHBHOCTb KaTasasbl B pe()pOHTaNIbHOMN Jj0/1e
TOJIOBHOI'O MO3ra Y JKMBOTHBIX Ha 2 U 4 CyTKH 3KCIIe-
pUMeHTa Ha (pOHe «0XKOTOBOT0» CTPecca yBeuurIach
B cpegHeM 6osee uem Ha 60 % (p<0,05), a Ha 7 cyT-
ku—Ha 50 % (p<0,05). Ha 10 cyTku sKcrnieprMeHTa
Ha0JTF0a/T TIOBBIIIIEHHe aKTHBHOCTU KaTaslasbl JIUILb
Ha 20 % (p<0,05) 1o cpaBHEeHUIO C KOHTPOJIbLHBIMHU
3Ha4YeHUsIMU.

BbiBogbl

Pe3ynbraThl OLIEHKU [ICHUX03MOLMOHAIBHOIO CTa-
TyCa >KUBOTHBIX MPH 0)KOTOBOM MOBPEXIEHUN KOXKHU
B CTaH/|apTHBIX [10BeZleHYeCKUX TeCTax IM04TBePKAat0T
BOBJ/IEYEHHOCTh HEPBHOW CUCTEMBbI B OTBET Ha CTPecc,
pedJieKTOpHas JeaTellbHOCTh KOTOPOU B CTPECCOBBIX
YCJI0BUSIX TIPOSIBJISIETCS B M3MEHEeHUH MTOBeZleHue CKUX
peakLuii.

B xope uccienoBanusi ObIIO BBISIB/IEHO, UTO B U3Y-
YeHHBIX 30HaX FOJIOBHOTO MO3ra Ha ()OHe TepMUYeCKOit
TPaBMbI ITPOMCXOWIA U3MEHEHUS], COMTPOBOXKIAOIIAE
0KOroBbIY Mpotiecc. I1py Bo34eicTBUY TepMUUYeCKOr0
0’KOTOBOT0 (paKTOpPAa Y KPbIC Pa3BUBAIUCh TPU3HAKHU
CTPeCCOpHO# peakLid — TpeBoru (1—2 cyTku), pe-
3UCTEHTHOCTHU (4—7 cyTKu) 1 uctoienus (10 cyTkn).
bb110 TI0Ka3aHo, YTO B paHHWE CPOKM (2—4 CyTKH)
I10CJ/IE0KOTOBOI'0 ITeproza IMPOUCXO4UJIO PasBUTUE
TPeBO’KHO-(h0OUUeCKOro COCTOSIHUS, KaK Cle/ICTBHe —
(hopmMupoOBaHUEe CEHCOMOTOPHOM Jle3aKTUBaLWH, [ie-
TIPeCCHUBHO-TI0/100HO peaklyy ¥ IMOL[MOHATLHOTO
rcroenus. K 10 cyTkam nocre TepMu4eCcKoil TpaBMbl
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OTMeyeHa TeH/IeHLIUs K BOCCTaHOB/IEHUIO HapYILIEeHHBIX
(yHKLM, TPOSIB/ISIOLIASACS B YCKOPEHUM TeMIIa [IBU-
KeHUs, yBe/IMYeHNY FOpPHU30HTa/IbHOW U BepPTUKa/IbHON
[BUraTe/JIbHOM aKTUBHOCTH, MHULMAL[UU UCCe/l0Ba-
Te/IbCKUX HaBbIKOB.

B xope uccnenoBaHus TakKe yCTaHOBIEHO, UTO
0’KOTOBOE ITOBPeXXJeHHe KOXKU COIIPOBOKA/IOCh YBe-
JIM4yeHreM B TUIOTa/laMUueCcKou U ripedhpOHTaIBHOM
00/1aCcTSIX TOJIOBHOT'O MO3Ta KPbIC KOHI[@HTPAL[UU
TBK-akTUBHBIX MPOAYKTOB IEPEKUCHOTO OKUCIeHUS
JIMIIUJIOB, pe3y/bTaTOM Yero sIBUJI0Ch pa3BUTHE OKUC-
JUTeNIBHOTO cTpecca. OKoropasi TpaBMa MHULIMMPOBaa
B M3y4yaeMbIX 30Hax r'0JIOBHOIO MO3ra IpoLiecchl I1e-
POKCH/IaLIH, Harbosiee BLIDayKeHHbIE B PAHHUH TEPHO/,
0’KOroBOTO mpolecca (Ha 2—4 CyTKH), C pa3HOM CTe-
TIeHBIO CHIDKAIOLIUECs B TIOC/IeAYIOLMe CPOKHU (Ha 7,
10 cyTkn).

Takum 06pa3om, COTTPOBOK/AIOIIIE 0>XKOTOBbIe
TIOBPE’KZeHUs] KOXKU U3MEeHeHUs] THTEHCUBHOCTH OKUC-
JITE/TbHO-BOCCTAHOBUTE/IbHBIX MPOLIECCOB U TICKX03MO-
LJMOHA/ILHOTO CTaTyca KpbIC SIBJIS/IMCh, HA HAIll B3IV,
cneACcTBUEM OMOXUMHUYeCKUX U (DyHKIIMOHATBHBIX
HapylleHWl OT/e/10B F0JIOBHOI'O MO3ra, aKTUBU3UPO-
BaBLLIMXCS B XOZle 3aLUTHO-a/laNTaljMOHHBIX peakLyi
TIPU O’KOTOBOU TpaBMe.

Buébnuorpaduueckuin cnmcok

1. Belokhvostova D., Berzanskyte I., Cujba A.M., Jowett G.,
Marshall L., Prueller J., Watt F.M. Homeostasis, regeneration and
tumour formation in the mammalian epidermis // Int J. Dev Biol. 2018.
V. 62. Ne 6—7—8. P. 571—582.

2. Voisin T., Bouvier A., Chiu I.M. Neuro-immune interactions in
allergic diseases: novel targets for therapeutics // Int Immunol. 2017.
V. 29. Ne 6. P. 247—261. doi: https://doi: 10.1093/intimm/dxx040

3. Cohen S., Gianaros P.J., Manuck S.B. A Stage Model of Stress
and Disease. Perspect Psychol Sci. 2016. V. 11. Ne 4. P. 456—463.
doi: 10.1177/1745691616646305

4. Doeselaar L., Yang H., Bordes J., Brix L., Engelhardt C.,
Tang F., Schmidt M.V. Chronic social defeat stress in female mice
leads to sex-specific behavioral and neuroendocrine effects // Stress.
2021. V. 24. Ne 2. P. 168—180. doi: 10.1080/10253890.2020.1864319

5. Koolhaas J.M., Boer S.F., Buwalda B., Meerlo P. Social stress
models in rodents: Towards enhanced validity // Neurobiol. stress.
2017. Ne 6. C. 104—112. doi: 10.1016/j.ynstr.2016.09.003

6. Mypmanuesa B.X., LJubuzoea A.A., Cepeanuega M.Y., Ca-
mompyeea M.A. BnusiHue 3KcTpakTa Actparana B3gyToro (Astragalus
physodes) Ha oBefjeHUeCKHe peaKI{iH )KUBOTHBIX B YCIIOBUSIX «CO-

PHYSIOLOGY OF STRESS INFLUENCES

LaIbHOTO» cTpecca // CHOUPCKUi HayYHBIN MeIULIMHCKIN KypHaJl.
2022.T. 42. Ne 3. C. 52—57.

7. PozaHoe B.A. CTpecc u IICHXHUYeCKOe 37I0poBbe (Helipobuo-
Jlorndyeckye acrektsl) // CorpianbHasi ¥ KIMHIUYecKast ICUXUaTpHsl.
2013. T. 23. Ne 1. C. 79—86.

8. [ubu3zoea A.A., Cepeanueea M.Y., OpycxaHoea /I.A., Ca-
mompyeea M.A. BivisiHie Me/laHOKOPTUHOBBIX HeMpPOIeNTHOB Ha I10-
Be/leHUeCKye peakKIy OesTbIX KPBIC B YC/IOBHSIX SKCIIEPUMEHTaTBHOTO
caxapHoro guabeta // AcTpaxaHCKUH MeAULIMHCKUIN >XypHas1. 2022.
T. 17. Ne 1. C. 72—78.

9. Scenseckas A.J1., Camompyeea M.A., [Tubuzoea A.A., Ms-
coedos H.d., AHOpeeea JI.A. BiisiHie HEHPOTIENTHIOB Ha TICHUX03-
MOL[MOHA/IbHOE COCTOSIHHE B YCJIOBUSIX «COLIMA/ILHOrO» cTpecca //
Kypckuii HayqHO-TIpaKTHUeCKHUH BeCTHHUK UesIOBeK U eTo 37J0pOBbe.
2020. Ne 3. C. 37—45.

10. Panda S., Dash Manoj K., Thatoi Pravat K., Dandapat J,
Rath B. Oxidative stress correlates well with markers of metabolic
syndrome in clinically hypothyroid cases: a hospital based case-control
study in a remote tribal district // BectHuk Poccuiickoro yHuBepcuTeta
Ipy6b1 HapogoB. Cepusi: MeguipHa. 2021. T. 25. Ne 1. C. 55—65.
doi: 10.22363/2313-0245-2021-25-1-55-65

11. iypHoea H.A., I1lepemembesa A.C., KapemHukosa A.FO. Axa-
JIN3 BO3JeMCTBUS KoderHa U JUOKCHIMHA Ha OOXMMUYeCKre T10-
KazaTeau KpoBU Mbliel / BectHuk Pocculickoro yHuBepcureTa
Ipy6b1 HapogoB. Cepusi: MeguimHa. 2021. T. 25. Ne 1. C. 73—79.
doi: 10.22363/2313-0245-2021-25-1-73-79

12. Camompyeea M.A., Tenawili /I.J1., Tiopenkog 1.H. Kcre-
pUMeHTa/IbHble Mogenu nosefieHus // Ectects. Hayku. 2009. Ne 2.
C. 140—152.

13. MoxammeO 3./]. AHTHOKCUZAHTHBIHN CTaTyC OpraHri3Ma I1pr
0KOTOBOY TpaBMe JIeTKOH cTerieHH // MeKpernoHaibHbIN COOPHUK
HayuHbIX paboT «PHU3MO0JIOTHS ¥ TICUXO0(U3UO0IOTHS MOTHBAL[UI»,
Boponex. 2001, Boim. 5. C. 35—38.

References

1. Belokhvostova D, Berzanskyte I, Cujba AM, Jowett G,
Marshall L, Prueller J, Watt FM. Homeostasis, regeneration and
tumour formation in the mammalian epidermis. Int J. Dev Biol.
2018;62(6—7—8):571—582.

2. Voisin T, Bouvier A, Chiu IM. Neuro-immune interactions
in allergic diseases: novel targets for therapeutics. Int Immunol.
2017;29(6):247—261. doi: https://doi: 10.1093/intimm/dxx040

3. Cohen S, Gianaros PJ, Manuck SB. A Stage Model of
Stress and Disease. Perspect Psychol Sci. 2016;1(4):456—463.
doi: 10.1177/1745691616646305

4. Doeselaar L, Yang H, Bordes J, Brix L, Engelhardt C,
Tang F, Schmidt MV. Chronic social defeat stress in female mice
leads to sex-specific behavioral and neuroendocrine effects. Stress.
2021;24(2):168—180. doi: 10.1080/10253890.2020.1864319

5. Koolhaas JM, Boer SF, Buwalda B, Meerlo P. Social stress
models in rodents: Towards enhanced validity. Neurobiol. stress.
2017;6:104—112. doi: 10.1016/j.ynstr.2016.09.003

6. Murtalieva VH, Tsibizova AA, Sergalieva MU, Samotrueva
MA. Influence of Astragalus physodes extract on anOimal behavioral

287



Amcurosa A.K., Camompyesa M.A. Bectuux PYIH. Cepusa: Meguiuna. 2022. T. 26. Ne 3. C. 274—288

responses under «social» stress. Siberian Scientific Medical Journal.
2022;42(3):52—57 (In Russian).

7. Rozanov VA. Stress and mental health (neurobiological aspects).
Social and clinical psychiatry. 2013;23(1):79—86 (In Russian).

8. Tsibizova AA, Sergalieva MU, Orushanova DA, Samotrueva
MA. Effect of melanocortin neuropeptides on behavioral responses of
white rats in the setting of experimental diabetes mellitus. Astrakhan
Medical Journal. 2022;17(1):72—78 (In Russian).

9. Yasenyavskaya AL, Samotrueva MA, Tsibizova AA,
Myasoedov NF, Andreeva LA. Effect of neuropeptides on the psycho-
emotional state under «social» stress. Kursk Scientific and Practical
Bulletin Man and his health. 2020;3:37—45 (In Russian).

10. Panda S, Dash Manoj K, Thatoi Pravat K,
Dandapat J. Rath B. Oxidative stress correlates well with markers
of metabolic syndrome in clinically hypothyroid cases: a hospital

based case-control study in a remote tribal district. RUDN Journal
of Medicine. 2021;25(1):55—65. doi: 10.22363/2313-0245-2021-
25-1-55-65

11. Durnova NA, Sheremetyeva AS, Karetnikova AYu. Analysis
of the effects of caffeine and dioxidine on biochemical indicators of
blood in mouse. RUDN Journal of Medicine. 2021;25(1):73—79. doi:
10.22363/2313-0245-2021-25-1-73-79

12. Samotrueva MA, Teplyy DL, Tyurenkov IN. Experimental
models of behavior. Natural Sciences. 2009;(2):140—152 (In Russian).

13. Mohammed ZD. Antioxidant status of the body in mild
burn injury. Interregional collection of scientific works «Physiology
and psychophysiology of motivations», Voronezh. 2001;5:35—38
(In Russian).

OmeemcmeeHHblli 3a nepenucky: Anbdust KagpipoBHa AJKMKOBa — KaH/IWAaT OMO/IOTMYeCKUX HayK, JOLIEHT, JOLEeHT Kadeapsbl
6uonoruy ¥ 60TaHMKK ACTPaxaHCKOTO rOCyAapCTBEHHOTO MeAULIMHCKOTO YHHUBepcuTeTa, Poccuiickas ®epepanysi, 414000,
I. AcTpaxaHb, yi1. M. MakcakoBoi, f. 6. E-mail: alfia-imacheva@mail.ru

Axxukosa A.K. SPIN-koz 1245-3158; ORCID 0000-0001-9758-1638
Camorpyesa M.A. SPIN-koz 5918-1341; ORCID 0000-0001-5336-4455

Corresponding author: Alfiya Azhikova—PhD, MD, Associate Professor at the Department of Biology and Botany, Astrakhan
State Medical University, 414000, Maksakova 6, Astrakhan, Russian Federation. E-mail: alfia-imacheva@mail.ru

Azhikova A.K. ORCID 0000-0001-9758-1638
Samotrueva M.A. ORCID 0000-0001-5336-4455

288

OVI3VONOT A CTPECCOPHbBIX BO3AEMCTBMY



ﬁ BectHuk PY[H. Cepm!: MEAULUHA 2022;26(3):289—303
RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

Ny
&'

DOI 10.22363/2313-0245-2022-26-3-289-303
OPUIT'MHAJIBHOE UCCJIELOBAHUNE
ORIGINAL RESEARCH

HPOFHOCTI/I‘-IGCKOG 3HA4YeHUe aytToaHTUTe
K 6enkam KapanomMumouunToB B ANarHOCTUKe
XPOHUYECKOrIro ¢M3M‘-I€CKOFO nepeHanpaXxXeHus

9./. JIéBoukuna' =, H.I. BensieB! ', B.A. Barypun? ~, 1.B. PxenmakoBckuii!

T.B. AdacoBa®>3 ', K.M. CmbnunoB' ', C.W. ITuckos' =

! CeBepo-KaBka3sckuii (efiepanbHbIi yHUBepcuTeT, 2. Cmaspononb, Poccutickas ®edepayus
2 CTaBpOIIO/ILCKUN TOCYIaPCTBEHHbBIN MEAUIIMHCKUE YHUBEpCHTET, 2. Cmasponob, Pocculickaa ®edepayus
3Topo/cKast KIMHUUeCKast oMKanHuKa Ne 1, 2. Cmagpononb, Poccutickas @edepayust
DX piskovsi77@mail.ru

AnHoOTanusA. AKnyanbHOCb. B yCI0BUSIX IOCTOSHHO pacTyIero o6seMa TpeHMPOBOUHBIX Harpy30K pacTeT YacToTa CTy4yaeB
XpoHuueckoro ¢usnueckoro nepeHanpsokeHus (XPII) cpeau crioprcMeHoB. OTo onpefesisieT BaXKHOCTb PaHHel AMarHOCTUKU
(hopMupyeMOii aTo/IOrMHY CepJeqHO-COCYAUCTOM CUCTEMBI C 1ie/Ibi0 NIpelyTNIpeXxjeHus AajbHellero ee pasBuTus. Lleab uccae-
008aHUSI — W3YUUThb Ha 3KCepUMeHTaibHOU Mogem XPIT fUHaMUKY ayTOaHTUTeN K Oe/kaM KapJHOMHOLIUTOB U OMPE/IeUTh
TepCIeKTUBHOCTE JTab0paTOPHOTO METO/A 0 OTpeie/IeHHI0 ayTOAHTUTET /ISl PAHHET0 JUarHOCTUPOBaHHSI TaTOMOPg0I0ruuecKUxX
W3MeHeHHi B cepALie. Mamepuanbl u Memoodbl. ViccieioBaHHe MPOBOAMIOCH Ha camuax Oestbix Kpbic. [ist MogenupoBaHus XPIT
HCII0/Ib30BaJICS TPeAMUIL. Y JKHBOTHBIX M3Mepsiach YacTOTa CepAeyHbIX COKpallleHnH, percTpUpOBaIiCh 31eKTpruecKye
sIB/IEHYs B cepZiLie. B KpoBU onpeiesisiyiock Cofep>kaHue reMorIo0rHa, SpUTPOLIMTOB. VI3Mepsiicst ypoBeHb Kapuocrelid e cKix
ayroaHtuTten (ayTo-AT) K TporoHuHy I, K anbda-akTuHy 1, K TsDKesoit rieru 6etTamuosuHa 7B. TIpoBoanuch u3MepeHre MacChl
cep/iLia ¥ rTUCTOMOPQoJIOrHUecKast OLjeHKa COCTOSTHUS KapIMOMUOLIMTOB. Pe3yabmamat u o6cyscoeHue. T1py mopemipoBannu XPI1
PETUCTPUPOBAOCH Ma/ieHVe MaCChl Tejla JKUBOTHBIX, Pa3BUTHE aHEeMHH, THIepTpodws cepua. CHIKeHHe Macchl Tesia 6osiee yem
Ha 30 % perucTpupoBanocs ¢ 25 no 35 gau Mmogempyemoro X®I1. YMeHblleHue KOIu4eCTBa SpUTPOLIUTOB B KDOBU OTMEYaIoCh
Ha 25 geHb c KoM nafeHnst Ha 30—35 aHu. Macca cepAiia >KUBOTHBIX B AuHamuke 0—15—35 aneii cocrapisina 0,39+0,003;
0,41+0,001; 0,44+0,005 r/100 r. coorBeTcTBeHHO. Ha 25 fieHb y 2 % >KUBOTHBIX PervCcTpUpoOBassach CHHYCOBasi TaXUKapAusl.
Ha 30 u 35 guu y 10 % rccneoBaHHBIX KPbIC (PMKCHPOBAIOCh HapyllleHre TIPOL|eCCOB Perosisipru3aliii J1eBOro KelyZouka
o TUMy Cy63MuKapuanbHoi umemun. Ha 25-i fieHb BU3yanu3upoBasics ¢prubpo3 rmepuBacKy/ispHON 06/1acTH, MepexofsIyil
B UHTEPCTULMANBHOE MoJie MeXX1y MHOGUOpHT. OOHApY)KUBaTUCh CeTYaThie CTPYKTYPhI COeJMHUTETbHOTKaHHBIX BOJIOKOH
MeXxy Kapguomuornutamu. Ilepros 30—35 fHeld xapakTepu30Bascs elwje Oosblieli BLIPaKEHHOCTBIO TTAaTOMOP(O/I0THYeCKHX
W3MEeHEeHUI: runepTpodusi MUOKap/a, yMepeHHbIe MUOKAPAUOJUCTPO(US], UHTEPCTUL[UAJIBHBIN U TIEPUBACKY/ISIPHBIN (rOpO3.
PocT konmmuecTBa orpefienisieMbix ayTo-AT K 6ekaM KapAUOMHOLIUTOB oTMeuasicsi Ha 10 fieHb 3KcriepruMeHTa. MHOTroKpaTHOe
yBeJIMueHUe ayToaHTUTe K Oe/lkaM KapAXOMHUOLIMTOB PerCTPUPOBAJIOCh paHblIle, UeM BhISB/ISUIMCH (DyHKIIMOHAIbHbIE Hapyllle-
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Prognostic value of autoantibodies to cardiomyocyte proteins
in the diagnosis of chronic physical overexertion
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Abstract. Relevance. In conditions of ever-increasing volume of training loads, the frequency of cases of chronic physical
overstrain (CPO) among athletes is increasing. It determines the importance of early diagnosis of the formed pathology of
the cardiovascular system in order to prevent its further development. The aim of the study was to study the dynamics of
autoantibodies to cardiomyocyte proteins using an experimental model of CPO and to determine the prospects of a laboratory
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method for the determination of autoantibodies for early diagnosis of pathomorphological changes in the heart. Materials
and Methods. The study was conducted on male white rats. A treadmill was used to model CPO. In animals, the heart rate
was measured, electrical phenomena in the heart were recorded. The content of hemoglobin and erythrocytes was determined
in the blood. The level of cardiospecific autoantibodies (auto-AB) to troponin I, to alpha-actin 1, and to the heavy chain of
beta-myosin 7B was measured. Heart mass was measured and histomorphological assessment of the state of cardiomyocytes
was carried out. Results and Discussion. While modeling CPO, a decrease in body weight of the animals, the development of
anemia, and cardiac hypertrophy were recorded. A decrease in body weight by more than 30 % was recorded from days 25 to
35 of the modeled CPO. A decrease in the number of erythrocytes in the blood was noted on day 25 with a peak fall on days
30—35. The mass of heart of animals in the dynamics of 0—15—35 days was 0.39+0.003; 0.41+0.001; 0.44+0.005 g/100 g,
respectively. On day 25, sinus tachycardia was recorded in 2 % of the animals. On days 30 and 35, in 10 % of the studied rats,
a violation of the processes of repolarization of the left ventricle by the type of subepicardial ischemia was recorded. On the
25th day, fibrosis of the perivascular region was visualized, passing into the interstitial field between the myofibrils. Reticulate
structures of connective tissue fibers between cardiomyocytes were found. The period of 30—35 days was characterized by
even greater severity of pathomorphological changes: myocardial hypertrophy, moderate myocardial dystrophy, interstitial and
perivascular fibrosis. An increase in the number of detectable auto-ABs to cardiomyocyte proteins was noted on the 10th day of
the experiment. A multiple increase in autoantibodies to cardiomyocyte proteins was recorded earlier than functional disorders
in the heart and morphological changes in cardiomyocytes were detected. Conclusion. The laboratory method for determining
auto-ABs to myocardial proteins can be the earliest of the complex methods for diagnosing disorders that are formed in the body
in conditions of adaptation to intense and prolonged physical exertion.
Key words: training, chronic physical overstrain, heart, autoantibodies, cardiomyocyte proteins
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BeepeHue

CurcreMaTrueCcKre ¥ NMPaBWIBHO OpPraHu30BaHHbIE
TPEeHHPOBOYHbIE Harpy3Ky JUHAMUUYECKOIr0 Xapakrepa
COMPOBOXK/IAOTCS PSIZIOM TOJIOKUTENBHBIX a/JallTUBHBIX
M3MeHeHHH B Cep/ledyHO-COCYJUCTON cucTeme, obe-
CTIeYNBAIOLMX yAOBIeTBOPEHHE BO3POCIINX MOTped-
HOCTell opraHu3ma B Kucaopoge. Ho popmrpoBanue
«CIOPTHBHOTO Cep/iLia» C paliMOHaTbHBIMU MOP(QO-
JIOTUYeCKUMU U (PYHKLIMOHA/IbHBIMU aJlallTUBHBIMU
BO3MO)XHOCTSIMM TIPOMCXOJUT ITOCTeneHHOo. B To xe
BpeMsi COBpeMeHHbIH 1pogeCCHOHAMbHBIA CIIOPT Kak
0COOBII BUJT COIMATbHOM JIeSITeTbHOCTH, COTIPSDKEHHOM
C KOJIOCCA/TbHBIMU (U3UUYeCKUMU 1 SMOL[MOHA/IbHBIMU
Harpy3KamH, 4aCTO HeCOOTBETCTBYIOLMMHU (DyHKIMO-
HaJIbHBIM BO3MOXXHOCTSIM OpraHusMa at/ieTa, MOKeT
COMPOBOKJATHCS COCTOSTHUEM TTepeTPeHUPOBAHHOCTH
Y XpOHUUeCKoro ¢usndeckoro nepeHanpspkeHus (XPIT)
CepZleyHO-COCyMCTON cucTeMbl. [TaTonorus cepaua
CIOpPTCMeHa HeKOpaHapOreHHOT0 1 HeBOCIa/IUTe/IbHOIO
reHe3a, 00yC/IOB/IeHHasi Upe3MepHBIMU (pU3rue CKUMHU
¥ SMOLIMOHAIbHBIMU Harpy3kamu, 0003HauaeTcst Kak
CTpecCcopHast KapAUOMUONATHS UK TepeHarpsbkeHre
cepaua [1, 2].

YacToTa naTosioruid CO CTOPOHbI CepZeYHO-COCYAU-
CTOM CHCTeMbI B 3aBUCMMOCTH OT BH/jA CIIOPTa, BO3pacTa
Y 110713, 110 MHEHHUIO pPsiZia aBTOPOB, MOXKET COCTABJIATh
ot 7—17 % no 30 % [3—5]. HapyiueHust MOTYT ObITH
HACTOJIbKO CePbe3HbIMH, UTO SIB/ISIFOTCS IPUYMHOM pUCKa
OCTaHOBKM Cep/ilia ¥ BHe3alHOW CepeuHoN CMepTH
crioptcMmeHa [6—11].

CerogHs 10oJ;, BHe3aIlTHOU Cep/leuHOU CMepThIO
B CIIOPTe TTIOHUMAIOT CMEePTh, HACTYNUBLLIYIO HEIOo-
CpeJCTBEHHO BO BpPeMsl Harpy30K, a TaK)Ke B TeUeHU!
24-X 4acoB C MOMeHTa IOSIB/IEHUS ITePBBIX CUMITTOMOB,
3aCTaBUBLIMX U3MEHUTb W [PEKPaTUThb CIIOPTUBHYHO
JedaTenbHOCTb. B HacTosIee BpeMs CyLLeCTBYOLME
JlaHHbIe [T03BOJISIIOT CYMTAaTh, YTO IepeHanpskeHue
cepZiia y CHOpTCMEHOB BO BpeMs1 (PU3MUeCKMX Harpy30K
SIBJISIETCS OJHMM U3 OCHOBHBIX Mpe/illie CTBeHHUKOB
JanpHeriero (opMUpOBaHUs MaTOIOTMU MUOKap/a
B BH/le TUnepTporuecKoi U AUnaTalioHHON Kapuo-
MHOIATHH, KOTOPbIe U PACCMaTPHBAIOTCS KaK BeZyILye
TIPUUKHBI BHE3alTHOM cepieuHol cmepTu [12—14].
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B criopTe BbICOKHX [JOCTUKEHUM, C ero KoJoC-
ca/IbHbIMU (PU3MYECKHMMH U TICUX03MOLIMOHA/IbHBIMU
Harpy3Kamu pa3paboTKa MeTOZIOB paHHeH JMarHOCTHKH
repeHarpspKeHus1 CepALa U CBOeBpeMeHHOe Tpefy-
npeXk/ieHye JabHerIX [aToI0rnyeCKUX N3MeHeHU
0CTaeTCsl BayKHeIel colfuaabHOU U MeTUITMHCKOM
npobnemoii. K cokasneHuto, HeCMOTpPsi HA OTPOMHOE
KOJIMYeCTBO paboT, TPOBOJUMBIX B JaHHOM HarpaB-
JIEHUY, 4aCcToTa C/lyyaeB [1aTOJIOTMU CepAlia B CBS3U
¢ (U3MUeCKMMU Harpy3KamH UMeeT TeHEeHLMIO K T10-
cTosiHHOMY pocTy. 1o 70 % criopTCcMeHOB BBICOKOTO
KJjacca, npogeccroHasbHast 1eATe/IbHOCTb KOTOPBIX
CBsI3aHa C pa3BUTHeM 00111eil BBIHOCIHUBOCTH, XOTsI ObI
pas3 B MpoL{ecce CBOEM CIIOPTUBHOM Kapbepbl UCTIBIThI-
Ba/u cocTosiHve XPII.

B 10 ke Bpems guarHoctvka X®II Ha cambIxX paH-
HUX 3Tarnax rnpefcTaBseT co00 CIOKHYIO 3a7auy
B CBSI3W C MHOTOOOpa3reM KJIMHUUeCKUX MPOsIB/IeHUH,
nabopaTOpHBIX M UHCTPYMEHTAJTbHBIX ITOKa3aTesiei.
K Tomy ke 1abopaTropHble MapKepbl Ha CerOJHSILIHUMA
JeHb MasiouHbopMaTBHLI. A u3MeHeHust Ha OKI' moryT
OTCYTCTBOBATh BC/IeICTBHE AK((Yy3HOTO UM 04aroBOro
Xapakrepa JUCTpoduu MHoKapza. Bce 3To He mo3BosisieT
BBISIBUTH CTPECCOPHYIO KapAHOMHUONATHIO Ha ZJOHO30-
noruyeckom 3tare. Kirouom K peltieHHio IpobieMsl
MOTYT CTaTb HOBbIE METO/Ibl paHHEW ANarHOCTUKHU
CTPeCCOpPHOM KapAuOMHONAaTUH, KOTOPbIe IT03BOJIAT
CBOEBPEMEHHO BBISB/IATH NATOJIOTHIO0 MHUOKAap/ia, Koraa
elle OTCyTCTBYIOT U3MeHeHUs1 Ha DKI' 1 coxpaHeHa
¢usnueckas paboToCcrocobHOCTS.

OpfHYM U3 MepCreKTUBHBIX U NPaKTUYeCKU He-
M3yueHHbIX HallpaB/ieHUH B 3TOW 00/1aCTH BBICTYyTIaeT
orpejiesieHre BbICOKOCTIEL[(UUHBIX U BEICOKOUYB-
CTBUTEJIBHBIX OMOMapKepoB—ayToaHTuTen (ayTo-AT)
K OesikaMm KapAauoMuouToB [15, 16]. YcraHoBneHue
KOJIMUeCTBEHHBIX MOKa3aresiell MpucyTcTBuUs ayTo-AT
K 6e/IKaM KapAHOMHOLIITOB B KDOBU, COOTBETCTBYIOLIUX
Pa3HbIM CTeTeHsIM Pa3BUTHSA [TaTOJIOTHUH CepALa, MOXKET
MMeTb JUarHOCTHYeCcKoe U JUarHoCTUKO-Auddepen-
LMajbHOe 3HaueHue. AHa/M3 IMHAMUAKU KOJIMUe CTBeH-
HOro u3MeHeHus ayTo-AT K 6enKam KapArOMHOLIUTOB
B MpOLieCcCe TPEHUPOBOYHBIX 3aHATHH MOXET M03BO-
MUTH 00BEKTUBHO OLIEHUTh XapaKTep aJalTHBHBIX
peakivii 1 CBOeBpPeMeHHO peryiaMeHTHPOBaTh 00beM
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TPEHUPOBOYHBIX HAarpy30K. AKTYa/bHOCTb [IPOBeeHuUs
1o/0OHBIX MCCIeJOBAHUN 1 OTIpe/iesTiia meab pado-
ThI— U3yUWThb Ha 3KCTIepUMeHTanbHOW Mofenu XDI1
JUHAMHKY ayTOAHTUTeN K OeslkaM KapMOMHOLIUTOB
¥ OTIpe/IeTUTh TTePCIIeKTUBHOCTh JIab0pPaTOPHOTO MeTo/a
TI0 OTIpeZie/IeHHI0 ayTOAHTUTeE Ji/Is1 PAHHEro MarHoCTH-
pOBaHUsI TaTOMOP(OJIOrYeCKUX U3MEeHEeHHH B Cep/lie.

MaTepMan bl ® METOADbI

B skcniepriMeHTanbHOU MOZEU UCTIOIb30BaTUCh
I10/10BO3peJible CaMLibl KPBIC JIMHUY BucTtap. Y KuUBOT-
HBIX MOZeJUpoBanoch coctosiHue XPII. YuursiBas,
YTO InepeTpeHypoBaHHOCTL U XDII, Kak rpaBuio, yzen
BBICOKOTPEHUPOBAHHBIX aT/IeTOB, /10 Hauajaa MoJe/u-
poBaHus cocTossHUA XDIT )KUBOTHBIX Mpe/iBAPUTE/IEHO
TpeHupoBaiy. TpeHUPOBKa KPbIC 3aK/H0Yasack B BbITIO/-
HEHWM MBILIEYHBIX HArPY30K LIMKJIMYeCKOTO XapakTepa
B TeueHue 9-Tu Hezenb [17]. [Ins MojeiMpoBaHus
MBILIEYHBIX HArpy30K UCIO0JIb30BasIcs Tpeagmui. Co-
crosiaust XPIT hopMUpOBanock Mo pa3paboTaHHON HAMU
cxeMme [18]. HauanbHasi Ipoj0/DKUTETBHOCTD HAarpy3Ku
I71s1 IpeBapUTe/IbHO TPEHUPOBaHHBIX XKUBOTHBIX CO-
crasisia 40 MUHYT MPYA CKOPOCTH JBU)KEHUS JIEHTBI
20 m/MuH. B mociefytoiem KaXkAblk AeHb OPOJ0JI-
JKATEIbHOCTh Harpy3KHy yBeJnuuBaaack Ha 10 MUHYT,
a CKOpOCTb JBWKeHHs JIeHThl Ha 1 M/MuH. U Tak [0 Tex
TI0p, TIOKa >KUBOTHBIE ObITM B COCTOSIHUY BBITIOTHSITh
3a/laHHBIN 00BeM Harpy3ok. B mocieayrorue qHu
JKUBOTHBIE BBITIO/IHS/IN O€r TI0 JIeHTe 10 TOsIB/IeHUsI
SIBHBIX MPU3HAKOB yTOMJIeHUs (Oer [0 0TKa3a).

B miporjecce moCcTaHOBKY KCTIepUMeHTa CO0Jro-
JAJTUCh OCHOBHbIE TPUHIUITLI B chepe 6Ho3THKH [19].
Bce skcneprMeHTEI BBITIOTHSINCE B COOTBETCTBUU
c JKeneBckoii KoHBeHI[uel «Internetional Guiding
Principals for Biomedical Involving Animals» (Geneva,
1990), a Takke XenbCUHCKOM JeKnapauyeit BcemupHou
MeguumHcKol Accoldalid 0 TYMaHHOM OTHOLIe-
HUU K KUBOTHBIM (pefakius 2000 r.). IIpoBogumbie
HcciejoBaHusl 0f00peHbl KOMUCCHeH o 6103 THKe
CeBepo-KaBka3ckoro ¢eziepasbHOT0 YHUBEpCUTETA
(mpotokos Ne 002). B skcriepMeHT Opanvch XKUBOT-
HbIe C Mpe/IBapUTE/IbHO BIpaOOTaHHBIM pediekcoM
BBITO/THEHUS] MOZIe/TUPYEeMOM MbILLIEYHOM Harpy3kKu
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¥ C IpUOIM3UTeTbHO OJUHAKOBBIM YDOBHEM (H3Hue-
CKOM paboTOCIIOCOOHOCTH.

[Toka3aTesieM TPeHUPOBAHHOCTH XKUBOTHBIX
U rnocjiepyrouiero Mmogenupyemoro X®II ciaykunu
JlaHHbIe 001Iel (u3nueckoll paboTocrnocobHOCTH,
reMaro/IoruyecKyre ToKasaTe/id, a TaKXKe pe3y/ibTaThbl
T'MCTOJIOTMUeCKOT0 UCC/ej0BaHuUs KapJMOMHOLIUTOB,
mrHamuKa ayTo-AT K Kapauocreruduyeckum besikam
aKTMHY MHUO3UHY U TPOIIOHUHY.

B npotiecce nocTaHOBKU 3KCIIEpUMeEHTa OCYILeCT-
BJ/IS/IOCH B3BellIMBaHKeE XUBOTHBIX, OTIpe/ie/ieHre Mac-
ChI Cep/ilia C MCI0J/Ib30BaHKEM TPELIM3MOHHBIX BECOB
ML203E (MettlerToledo, KuTait) ¢ TOUHOCTBIO 70 1 MT.
Kapauocneruduueckue ayto-AT onipegensivich
KOJIMUeCTBEHHO, METOZ,0M TBepJ0(a3HOr0o UMMYHO-
(hepMeHTHOro aHa/au3a C MOMOILbI0 BEICOKOUYBCTBU-
TebHOT0 U BbICOKOCIelduuHoro Habopa Gpupmer
Cloud-CloneCorp (CIIA): k Tporionnny I (Anti-cTnl),
K anbda-aktuHy 1 (Anti-ACTC 1), K TsbKenou 1ernu
6era-muo3uHa 7B (Anti-MYH7B). Mcnons3oBancs
(oromeTp MukporiaHietTHoro ¢opmara Multiskan FC
(ThermoScientific, CIIIA) ¢ dyHKUMel aBTOMaTHYe-
CKOM Ka/TMOPOBKH, TEPMOCTaTUPyeMbiH 1ielikep ST-3L
(Elmi, JIaTBust), aBTOMaTUueCKMI MUKPOILJIAHILIETHBIN
nipombiBatesib (ThermoScientific, CILIA).

OrmnpeneneHue ypoBHS reMOr/IO0OMHA 1 KOJTMUeCTBa
5PUTPOLIMTOB OCYILIECTB/IS/IOCH C UCTIONB30BaHUEM BeTe-
PUHAPHOTO remMaTo/I0ru4eckoro aHanrsaropa Medonik
M16 (BouleMedical AB, IlIBerus), ¢ UCTIO/b30Ba-
HUEeM CITel[haTM3UPOBaHHBIX HabopoB ¢upmbl Boule
(IITBenms), B maboparopun «LleHTpa KIWHHUYECKOH
(hapmakosiorum u papmakorepanuu» (r. CTaBponosns).

ITpu peructpauyu SKI' 1 UCC ucronb3oBanach
CHCTeMa OLIeHKH KapJrOopeCcpaTOPpHON CUCTEMBbI
MeJIKUX aboparopHbix )KuBoTHBIX KOKC-1 (M3roTto-
BUTe b [0CyjapCTBEHHBIN HAYYHO-MCC/Ie[|0BaTeNbCKUN
MHCTUTYT BOEHHOW MeJWIMHBI MUHHCTEPCTBA 0O0POHBI
Poccuiickoit @epnepanyn).

J1n1st poBe/ieHust THCTOIOTMUeCKUX UCCIe/l0BaHUM
KapIMOMHOITUTOB 00pa3Iiibl TKaHel cep/iia (GUKCUpo-
Bai B 10 % 3a0ydepeHHoM pacTBope opMasiriHa
Ha MPOTSHKEHUM 72 4acoB C MOC/IeYIOLMM MTPOMBbI-
BaHUEM BO/IOTIPOBO/IHOM BOZIOM B TeueHHe 24 yacos,
00e3BOKMBaHKEM B U30TIPONUAIOBOM CITUPTE U 3aKJTFO-
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YyeHHeM B MeIMIIMHCKUM rapadud Histomix (Biovitrum,
Poccust). ['uctonoruueckuie cpesbl TOMLUHOW 5—6 MKM
TPOU3BOAW/IMCH Ha POTALIMOHHOM MUKpoToMe HM 325
(Termo, I'epmanus). ['oToBbIE Cpe3bl OKpaIIMBaIUCh
reMaTOKCHW/IMHOM Y 303MHOM, TPUXPOMOM 110 MaccoHny.
OrieHKa MUKpPOIIpeapaToB MPOBOAX/IACE C UCIIO/b30Ba-
HUeM JlabopaTopHOro MUKpockora Axio Imager 2 (A2)
OCHAILeHHOTO CUCTeMOW BU3yaTM3aLiu H300paKeH i
Axio Cam MRc5 1 mporpaMMHBIM 0becrieueHreM Zen
Pro (Carl Zeiss Microscopy, Oberkochen, Germany).
[TonyueHHbIe aHHBIe 0O0pabaThIBaIv C IOMOIIIBI0
MeTO/I0B BapUAaLIMOHHOW CTaTUCTUKU C UCIO/Ib30Ba-
HUeM CTaTUCTHUeCKOro TakeTa Biostat (version 4.03).
17151 OL|eHKH CTaTUCTUUEeCKOM 3HAaUMMOCTH Pa3inuuil
NpuMeHsI t-kpuTepuid CtbrofieHTa. ITonmyueHHble
pe3y/ibTaThl (PMKCUPOBAJIU B BUIe CpPeHero apudmeTu-
YeCKOro + CTaH/lapTHas OlIMOKa cpefiHero apudmeTu-
yeckoro (M+m). O J0CTOBEpHOCTH pa3uurii BeTMYMH
HcceyeMbIX MoKasaresel cyaunu ipu P<0,05.

Pe3ynbTaTbl U 06CYyXaeHue

MogenpoBaHie XpOHUYECKOTO (hU3nyeCKOro
TiepeHarnpsHKeHuUs OCYILeCTBIIS/IOCh Y TIpeJBapUTe/Tb-
HO TPEHHPOBAHHBIX )KUBOTHBIX IyTeM €XXeJHEBHOTO
yBe/indeHust 00bemMa U UHTEHCUBHOCTH BBITIOJTHEHUS
¢du3nueckux Harpy3ok. Kpureprem ¢opmupyroierocs

TIaTOJIOTUUECKOT0 COCTOSTHUS SIB/ISVIOCH TIaZieHue pabo-
TOCTIOCOOHOCTH JKUBOTHBIX, CHI)KEHHe MacChl TeJla,
BO3HUKHOBEHHE aHEMUHU.

I[Tpu mogenmpoBanun XPIT )KUBOTHBIE CTIOCOOHBI
OBbUTH BBITIOJTHATH IMOCTOSIHHO BO3PACTAOLIYO TI0 00b-
€My U MHTEHCUBHOCTH Harpy3Ky B TeUeHHe IepBbIX
20 pHel. K koHIy yKa3aHHOTO CpOKa MakCUMaJsbHast
TIPO/IO/DKUTE/ILHOCTE Gera >KUBOTHBIX T10 JIEHTe Tpe[-
Mura cocraBuia 215+6,4 MUH NPy CKOPOCTH [JBUKEeHHs
nenTel 40 M/MUH 1 yryie HakaoHa 10° (Ta6:m. 1).

Ha 25 feHb 3kcniepuMeHTa MpPOAOJDKATENBHOCTD
6era coorBercrBoBasia 200,6+8,4 m/muu. B rocie-
Jyrolye JHU OTMeUeHo MPOorpeccrpyrolllee najgeHue
paboToCIocoOHOCTH KUBOTHBIX. Tak, K 30-My IHIO
3KCIepuMeHTa MaKCHMMasibHasi IPOJO/KUTETbHOCTh
Oera >KMBOTHBIX cocTaBuaa 96,6+6,2 MuH, K 35-My
nHI0 — 60,1429 MuH. Takum o6pa3om, UK paboTo-
CTrIOCOOHOCTH >KUBOTHBIX TTpUX0OAUTCS Ha 20 1 25 1HU
3KcrepuMeHTa. Mo)KHO MoJsiaraThb, YTO Ha JAHHOM 3Tarie
5KCIeprUMeHTabHOM MOZe/U )KUBOTHbIE HAXOAU/IUCh
B COCTOSIHUU «CTIOPTUBHOM (POPMBI».

JIHamMMKa Macchl Tesla )KMBOTHBIX Ha JAHHOM Tare
JKCTIepUMeHTa XapaKTepU30Basiach €/1ab0 BhIpaXKeH-
HOU I[TUKIMYHOCTBIO: CHU)KEHUEeM — MepBbie 5 JTHel
Mozenupyemoro X®I1, ¢ moc/iefyronM MOBbILLIEHHeM
K 10 mHIO ¥ ouepeTHBIM CHYKeHHEeM K 15 iHio Habstro-
nennii (Puc. 1).

[uHamuka paboTocnoco6HOCTM KMBOTHbIX B NpoLiecce MoAenupoBaHUs XpoHUYecKoro pusmyeckoro nepeHanpﬂeruﬂTa6ﬂuua '
MapameTpbl 6era
[ H¥ HabnoaeHni
MpoACHKUTENBHOCTD, MUH CKOpOCTb ABWXEHMUE NeHTbl, M/MUH Yron HakfIoHa NIeHTbI
1 40,0 20 10
5 80,0 25 15
10 130,0 30 20
15 180,0 35 25
20 215t6,4 40 25
25 200,6% 8,4 30 20
30 96,646,2 30 15
35 60,1£2,9 25 10
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Dynamics of animal performance in the process of modeling chronic physical overstrain

Table 1

Observation days Mapamerpo! Gera
Duration, min Belt speed, m/min Tape Angle
1 40.0 20 10
5 80.0 25 15
10 130.0 30 20
15 180.0 35 25
20 215+6.4 40 25
25 200.6+ 8.4 30 20
30 96.6+6.2 30 15
35 60.1+2.9 25 10

Puc. 1. [luHamuka mMacchl Tena XMBOTHbIX (I) B MPOLIECCE MOAENMPOBaHUS XPOHNYECKOTO (h13MYECKOro NepeHanpsaXeHns

Fig. 1. Dynamics of body weight of animals (g) in the process of modeling chronic physical overstrain
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OpHako JjaHHbIe KojtebaHusi B Macce TeJia YKUBOTHBIX
B YKa3aHHbIe BpeMeHHbIe ITepUo/ibl He rpeBbIamm 8 %
Y He OKa3aJIMCh CTaTUCTUUeCKU 3HauMMbIMU. CHIDKeHHe
MacchlI TeJia JKMBOTHBIX Oosiee ueM Ha 30 % perucrpu-
POBAJIOCh B MEPUOZ C 25 110 35 JHU 3KCTIepUMEeHTa, UTo
SIBJIIeTCS OJHAM M3 T10Ka3aresiell pa3BUBLLIETOCS COCTOSI-
Hust XPI1. Macca Tena KpbIC KOHTPOIBHOM TPYMITbI (MH-
TaKTHbIE )KUBOTHBIE) XapaKTepU30Baiach MOCTOSIHHBIM
yBeJIMYeHeM Beca, UTO 3aKOHOMEPHO [1s1 JKUBOTHBIX
JlaHHOTO 610I0rMYeCcKoro BU/a, pasmep 1 mMacca Tesa
KOTOPBIX YBe/IMUMBAIOTCSI B TeUeHHE BCeM KU3HU.

ocToBepHO 3HaUMMOe CHI)KeHUe KOJIMYeCTBa pu-
TPOLIUTOB B KPOBU OTMeUeHO Ha 25 IeHb 3KCTIepUMeHTa
¢ nvkoM nazienus Ha 30—35 gHu Mogenvpyemoro XI1
(Tabmn. 2).

CHKeHHe KOHIIEHTPAIU| SPUTPOLIUTOB Oojiee uem
Ha 50 % B CpaBHeHWH C [JaHHBIMU, PErUCTPUPYEMbIMHA
Ha Havasio MofenupoBanus X®II, cBuaeTenbCcTByeT
0 pa3BUBAIOIIECS aHeMUHU U TIOATBEpIK/IaeTCs 3Ha-
YUTEeIbHBIM YMEeHbIIIEHHEeM KOJIMUeCTBa reMorioorHa
U YPOBHS TeMaTOKPHUTA.

MopdodyHKLMOHaNbHaA XapaKTePUCTMKa IPUTPOLUTOB XKUBOTHBIX B YC/IOBUAX MOAENUPOBAHUA XPOHMYECKOrO (busuuecxzign"ua 2
nepeHanpskeHus (Mm)
OnHn rer\cng?ﬁopaaHHav,li/n SpuTpouunTbl, 10'2/n FematokpuT, % Cp. 06BbEM apuTpouunTosB, fl
1 (n=56) 134,7+8,4 7,24+0,24 42,3+1,4 48,9424
5 (n=56) 114,246,3 6,40+0,16 36,7+2,1* 50,3+1,3
10 (n=56) 126,317,5 6,48+0,14 36,313,3 51,4+2,8
15 (n=56) 135,0+0,25 6,85+0,23 40,1+2,9 53,440,15
20 (n=46) 126,8+ 6,0 6,69+0,45 36,9+2,7 53,4+1,4
25 (n=46) 121,245,9 5,47+0,20* 36,9+2,7 53,4+1,9
30 (n=36) 117,0 8,2 3,63+0,18* 33,741,9* 53,741,8
35 (n=36) 102,4 +9,6* 3,20+0,15* 31,2+¢2,1* 50,3+2,5

ﬂpMMeanme: *— AOOCTOBEPHOCTb OT/IYNIA NO CPpaBHEHUIO C AaHHbIMK NepBOro AHA sKCnepnMeHTa.

Morphofunctional characteristics of animal erythrocytes under conditions of modeling chronic physical overstrain (M m) able 2
Days hemgglrgsinr:, g/L Erythrocytes, 10'%/I Hematocrit,% Wed erythrocyte volume, fl
1 (n=56) 134.7+8.4 7.2420.24 42.3+1.4 48.9+2.4
5 (n=56) 114.2+6.3 6.40£0.16 36.7£2.1* 50.3%£1.3
10 (n=56) 126.3+7.5 6.48+0.14 36.3+3.3 51.4+2.8
15 (n=56) 135.0+0.25 6.85+0.23 40.1+2.9 53.4+0.15
20 (n=46) 126.8+ 6.0 6.6910.45 36.9+2.7 53.411.4
25 (n=46) 121.24¢5.9 5.47+0.20* 36.9+2.7 53.4+1.9
30 (n=36) 117.0 £8.2 3.63+0.18* 33.7+1.9* 53.7+1.8
35 (n=36) 102.4 £9.6* 3.2040.15* 31.242.1* 50.3£2.5

Note: * — significance of differences compared to the data of the first day of the experiment.
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Macca cep/ilia Ha TIepuo/; Hayajia Mo/je/TMpOoBa-
Hus XDII coorBeTcrBoBasa 0,39+0,003 r/100 r Macchl
Tesa, uepe3 15 gHel 3KcriepuMeHTa yBeJIMUK/IacCh

u coctrapunia 0,41+0,001 r/100 1, Kk 35 gHIO Hab/OIEe-
Huii—0,44+0,005 r/100 r.
Hannbie OKT )KMBOTHBIX MPUBE/IEHBI B Tab/uIe 3.

Tabnuya 3
YCC u BennmumnHa R-R uHTepBana y Kpbic B ycnoBusix mogenvposaHusa XoIN (M+m)
Wccnepyembiii nokasartenb
OHn
YCC, ya/MuH R-R nHTepBan, m/cek
1 (n=56) 440,0+ 12,2 136,0+ 5,2
5 (n=56) 464,7+ 4,3 136,0+ 5,2
10 (n=56) 452,7+ 19,4 132,74+ 5,7
15 (n=56) 457,7+21,0 126,2+ 5,6
20 (n=46) 456,1 25,39 1322+74
25 (n=46) 4974+ 51,9% 124,24 13,3*
30 (n=36) 436,8+ 15,43 137,549
35 (n=36) 438,0+ 16,81 137,0£5,1
lpumeyaHue: * — LOCTOBEPHOCTb OT/INYUI MO CPABHEHWIO C AaHHbIMW NEPBOrO AHA aKCNEPUMEHTA.
Table 3
Heart rate and R-R interval in rats under CFP simulation (M+m)
Days Researched indicator
Heart rate, beats/min R-Rinterval, m/s
1 (n=56) 440.0%12.2 136.0+5.2
5 (n=56) 4647+ 4.3 136.0+5.2
10 (n=56) 452.7+19.4 132.7+5.7
15 (n=56) 457.7+21.0 126.2+5.6
20 (n=46) 456.1 + 25.39 1322+7.4
25 (n=46) 497.4 + 51.9% 124.2 +13.3%
30 (n=36) 436.8+15.43 137.5+4.9
35 (n=36) 438.0 + 16.81 137.0+£5.1

Note: * — significance of differences compared to the data of the first day of the experiment.

B nepuog ¢ 5 o 20 gens Habmoaenuit YCC u Be-
JInurHa uHTepBana R-R cratuctiuecky He U3MeHSIUCh.
Brisisneno ysermmuenue YCC U yMeHbLLIEHUE Be/TMUMHbI
nHTepBana R-R y »KMBOTHBIX Ha 25 IeHb MOZeNnpy-
emoro coctosiHus X@II. IIpu sToM B nocefyroigue
30 u 35 guu B nokasarensax UCC u nHTepBana R-R
I10 CPAaBHEHUIO C TAKOBBIMU Ha Hayajio MOZe/IupoBa-
Hust XPIT 3aperucTprpoBaHo He ObLIO.

C nauana mogenupoBanusg X®II o 20 geHs 3Kc-
neprMenTa otMedeH 100 % cunycoBsiii putm ¢ UCC

PHYSIOLOGY OF STRESS INFLUENCES

ot 440,0+12,2 yn/muH 1o 456,1+25,4 yn/muH. CUHyCO-
BbI DUTM pery/isiiUK COXPaHSeTCsl U B TIOC/IeyOLre
[THU, HO Ha 25 zieHb y 2 % >KUBOTHBIX HaO/IOfaeTCst
crHycoBas Taxukapaus ¢ UYCC 544,0+£27,2 ya/muH.
A na 30 u 35 guu 3kcniepumenTa y 10 % uccienoBas-
HBIX KPbIC (PMKCUPOBAIOCh HapylLleHKe TPOLeCCOB
Pero/IipU3aLiiK JIEBOTO KeJTyI0uKa 10 THITy CyO31TH-
KapauanbHoi uiiiemun ¢ YCC 472,0+23,6 MuH.
KosmuecTBO ayToaHTHTEN K 6€/1KaM MUOKapza
(anmbda akTuHy-1, TsDKenou enu 6eTa-Muo3uHa 7B,
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TPONOHUHY |) B KDOBU ’KUBOTHBIX B TE€UEHHE MePBbIX
5 nHel HaOMIOIeHNH He UMeJIO I0CTOBEPHBIX OT/TMUNM
B CpPaBHEHUU C JAHHBIMH, PETUCTPHYPYEeMbIMU Ha Hauasio
MozempyeMoro X®IT (Tabm. 4).

PocT KonmnuecTBa onpezensieMblX ayTOAHTUTET
K OeslkaM KapZIMOMHOIIMTOB OTMeueH Ha 10 ZieHb 9KC-
nepuMeHTa. Hanbosee 3HaunMoe yBemueHue ayTo-AT
TIPOUCXOJMJIO 110 UCTeYeHUH 15 IHeld MOCTOSTHHO PacTy-

11ero o6Gbema BbITIO/THSIeMBIX OeTOBbIX Harpy3okK. Tak,
K TporioHuHy | kommuectBo ayTo-AT Bo3pocio 6osee
uyeM B 5 pa3. YBenuuenue ayTo-AT K GenkaM akTUHY
1 MHO3UHY Ob1710 B 2,4 1 2,8 pa3a COOTBETCTBEHHO.

K MOMeHTy OKOHUYaHUs 3KCIIeprMeHTa KOJIMUeCTBO
ayTo-AT Kk Tporionuny I Bo3pocsio 8,4 pa3a, Kk 6enkam
aKTUHY U MMO3WHY B 5,7 U 4,7 pa3a, COOTBETCTBEHHO.

[AuHamuka ayTo-AT K 6enKam KapgMOMMOLUTOB B NPoLLecce MOAEIMPOBaHMS XPOHUYECKOro (hU3n4ecKoro nepeHanpsiXKeHus (.ﬁ?::;‘a ‘
WccnepyeMble nokasatenu (Hr/mn)
OHW HabnoaeHUn

TponoHuH | AKTUH MwuosuH
1 (n=56) 2,7+0,04 15141,6 5609
5(n=56) 2,6+0,05 15,410,8 5911,1
10 (n=56) 3,940,08* 20,4+1,2% 9,7+1,4%
15 (n=56) 13,5+0,2* 36,1+£2,7% 15,6+3,3*
20 (n=46) 12,3+1,4% 352+2,9*% 15642,1*
25(n=46) 17,24£0,51* 90,3+2,4* 23,7+53*
30(n=36) 16,5+0,35* 89,4+2,7% 231+4,4*
35(n=36) 22,7+2,6* 86,2+2,8% 26,5+2,4*

ﬂpwmeanMe: *— OOCTOBEPHOCTb OT/INYNIA MO CPpaBHEHUIO C AaHHbIMW NMepBOro AHA sKCrnepnMeHTa.

Table 4
Dynamics of auto-AT to cardiomyocyte proteins in the process of modeling chronic physical overstrain (M m)
Investigated parameters (ng/ml)
Observation days

Troponin | Actin Myosin
1 (n=56) 2.7+0.04 15.1£1.6 5.6+0.9
5 (n=56) 2.6+0.05 15.410.8 59+1.1
10 (n=56) 3.940.08* 20.4+1.2% 9.7+1.4%
15 (n=56) 13.54£0.2* 36.1+2.7* 15.643.3*
20 (n=46) 12.3+1.4% 35.2+2.9% 15.64+2.1*
25 (n=46) 17.2£0.51* 90.3+2.4* 23.7+5.3*
30(n=36) 16.5+0.35*% 89.4+2.7% 23.1+4.4%
35(n=36) 22.7+2.6* 86.2+2.8* 26.5+2.4%

Note: * — significance of differences compared to the data of the first day of the experiment.
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['cTonaronoruyeckas oLeHKa COCTOSIHUS MAOKap-
[1a KPBIC OTBbITHOM TPYNIbI B TeueHHWe nepBbix 20 AHel
HabmrofeHnit matomopdonoruueckux U3MeHeHUH
B KapIMIOMHOLIMTax He BbisiBUIa. Ha mocneayromumx
sTanax mogenupyemoro X®IT (25 gHeit) oOHapyXu-
BaeTCs yTOJILeHMe MUOKap/a 3a CUeT KpOBeHaroJIHe-

HUSI COCY/IOB, MPU 3TOM OT/Ze/ibHble KapAUOMHUOLUTHI
B COCTOSTHUU TUNepTpodry, MeCTaMu HepaBHOMEPHO
MPOKPAILMBAKITCS, TVIOX0 BU3YyaJIM3UPYETCs MorepeyHast
HWCYEpPUYEHHOCTh. To/IIMHA aJIBEHTULIUA HEKOTOPBIX
COCYZIOB MHMOKapZa coctasysiet 6osbiie 50 % meauw,
vHTHMa Oe3 n3meHenui (Puc. 2).

Puc. 2. XM (25 gHeit). Munokapg,. KapamoMuounTsl. MNpuaHaky AMcTpodumn Mnokapaa B BUAE YepeoBaHus B cpesax
HeGONbLLMX IPYNM KapaAMOMUOLMTOB B COCTOSIHUM CNabo BbIpaXkeHHbIX runepTpodum 1 atpobum (BblaeneHo CTpenkamim).
Okpacka remMaToKCUANH 1 9031H x200

Fig. 2. CFP (25 days). Myocardium. Cardiomyocytes. Signs of myocardial dystrophy in the form of alternation in sections of

small groups of cardiomyocytes in a state of mild hypertrophy and atrophy (highlighted by arrows).
Hematoxylin and eosin stain x200.

Puc. 3. XTI (25 aHeit). A — OU6p0o3 NepuBackynapHOin 06nacTu, Nepexoaailmin B UHTEPCTULMANBbHOE Nose Mexay
MUODUEPUNN (OTMEYEHO 6enbIMU CTpenKamm). AABEHTULMS (OTMeUEHO XenTol cTpenkoi), Meana (0TMeueHo KpacHo
cTpenkoi), iHTuMa (0TMeuYeHo 3eneHol cTpenkoi). Okpacka TprxpomMom no MaccoHy x200. B — CeTyaTble CTPYKTypbI

COeIMHUTENBbHOTKAHHbIX BOIOKOH MEX Ay KapAMoMUoLMTaMu (0TMEYEHO XXeNTbIMU CTPenKamm)
Okpacka TpuxpomMom no MaccoHy x100

Fig. 3. CFP (25 days). A — Fibrosis of the perivascular region, passing into the interstitial field between myofibrils (marked with
white arrows). Adventitia (marked with a yellow arrow), Media (marked with a red arrow), Intima (marked with a green arrow).
Trichrome staining according to Masson x200. B — Mesh structures of connective tissue fibers between cardiomyocytes
(marked with yellow arrows). Trichrome staining according to Masson x100

PHYSIOLOGY OF STRESS INFLUENCES
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ITepuoabt 30 u 35 AHU FKCIIepHMeEHTa XapakTe- yMepeHHas MUOKapuoAUCTpoGusi, yMepeHHbIN UHTep-
PU3YIOTCsI 0OJIbIIIe BBIPaKeHHOCTHIO MaToMOpPGh0-  CTULMAILHBIN (hrOp0o3 MUOKap/1a, IepUBaCKY/ISIPHBIHA
JIOTUUECKUX W3MeHeHUN: TunepTpodust Muokapza, ¢ubpo3s (Puc. 4, 5).

Puc. 4. XTI (35 aHeit). Muokapg. KapavoMuoumTbl. MNpusHaku AMCcTpodumn Mrokapaa, HapyLeHne nonepeyHol
NCYEPYEHHOCTM U HEPAaBHOMEPHOCTb OKPAaCKK, KapAMOMUOLIMTOB B COCTOSIHUM BbIpaXKeHHON runepTpodum (BblaeneHo
cTpenikamm). Okpacka reMaToKCUIMHOM 1 303MHOM x200

Fig. 4. CFP (35 days). Myocardium. Cardiomyocytes. Signs of myocardial dystrophy, violation of transverse striation and uneven
coloration, cardiomyocytes in a state of pronounced hypertrophy (highlighted by arrows).
Stained with hematoxylin and eosin x200

Puc. 5. XTI (35 gHeit). A — GUBp0o3 NepuBackynsapHoOin 061acTu, Nepexoasiumin B UHTEPCTMUMANBHOE Nose Mexay
MUObUEPUNN (OTMEYEHO YEPHBbIMK CTPeNKamu). ALBEHTULMA (OTMEUYEHO XXeNTOo CTpenkoit), Meana (0TMedYeHo KpacHow
CTpenkoin), MHTuMa (0TMeYeHo 3eneHoin cTpenkoit). Okpacka TprxpomMoM no MaccoHy x200. B — BbipaykeHHble ceTyaTble

CTPYKTYPbl COEAMHUTENBHOTKAHHbBIX BONTOKOH MeXy KapamoMuoumTaMm (0TMEUYEHO XKeNnTbIMU CTPenKamMm)
Okpacka TpuxpomMom no MaccoHy x100
Fig. 5. CFP (35 days). A — Fibrosis of the perivascular region, passing into the interstitial field between the myofibrils (marked
with black arrows). Adventitia (marked with a yellow arrow), Media (marked with a red arrow), Intima (marked with a green
arrow). Trichrome staining according to Masson x200. B — Pronounced mesh structures of connective tissue fibers between
cardiomyocytes (marked with yellow arrows) Masson'’s trichrome staining x100
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[IpencraBneHHble JaHHbIE CBU/IETETBCTBYIOT, UTO
pa3sutre XPIT HOCUIO BOTHOOOPA3HBIM XapakTep,
a He SIB/ISIIOCH OTHOHATIPAB/IeHHBIM yXyAlieHrueM. Tak,
B TeueHMe TepBbix 20 AHeN 3KCIIepuMeHTa >KUBOTHBIE
ObUIH CIIOCOGHBI BBITOTHSTH TIOCTOSIHHO BO3PACTAOIIY 0
T0 TMPOJO/KUTETLHOCTH U MHTEHCUBHOCTH OEroByHO
Harpysky. Ha nocniezyroiux sTanax skcrepuMeHTa
paboToCIOCOOHOCTH KUBOTHBIX OBLICTPO CHMXKA/IACh.
B nuke paboToCIIocOOHOCTH He 3aperucTpUpOBaHO
3HaUMMBbIX MOP(QO(YHKLIMOHATbHBIX HAPYILLIEHUI B CU-
creMax opraHv3ma. CHU)KeHHe MacChl Tesla, KOHLeH-
TpaLMi SPUTPOLIUTOB U YPOBHSI TeMOI/I00MHa He MeJn
JOCTOBEPHO 3HaUMMBIX BesInuMH. [laroMopdosorrnye-
CKVe W3MeHeHHs He BbISIB/IeHbI U TIPY TUCTO/IOTMYEeCKOM
WCCIIeIoBaHMY KapauoMuoLnToB. [1pu stom 20 v 25 aHu
3KCIIepUMeHTAa XapaKTepU30BaIMCh MHOTOKPATHBIM
TOBLIIIIEHWEM KojinuecTBa ayTo-AT K Oesikam Kap-
auoMuonuToB. [Togo6Hast AMHaMUKa KOHLIEHTparuu
ayTo-AT K crierudrueckrmM 6ekaM KapJUOMHOLIUTOB
B IIepUO/, KOIZla Yy JKUBOTHBIX OTMEYaeTCsl BbICOKast
paboTOCroCOOHOCTD U OTCYTCTBYIOT SIBHbIE TIPU3HAKH
TepeHarpsbkeHus1, CBUZIeTeNbCTBYeT O HAUMHAKOLINXCS
MaTo/0rMYeCcKUX Mpoleccax B KApJUOMUOLIUTAX. DTU
TMPOLIeCChl HAUMHAIOT PeruCTPUpPOBaThes Ha 30—35 U
9KCIIepUMeHTa NP FUCTOI0TMUeCKUX UCCeJOBaHUSIX
u cHstun OKT.

3aknoyeHue

Takum 06pa3oM, BbIsiB/IeHHbIE peakiuu ayTo-AT
K TOBpeXXJeHUI0 OelKOB KapJuOMHOLIUTOB (anbdha
aKTUHY- 1, TsDKesioM 1ienu OeTa-MHo3uHa 7B, Tporo-
HUHY [) MOryT MCro/b30BaThCS Kak creljuduueckue
MapKepbl, OTPa)KaroL{1e CaMble He3HAYUTe/IbHbIE 1aTo-
(u3monornueckye U3MeHeHus1, YTO MO3BOJISIET CYAUTh
0 BO3HHMKAKOIMX HAPYLIEHHUAX B MUOKApZe Ha CaMbIX
paHHMX 3Tamnax. YpoBHU ayTo-AT K crieLiduueckum
Geskam KaparomuoruToB (Anti-ACTC 1, Anti-MYH7B,
AnticTnl) MOTyT UCMOMB30BaTHCS Kak MPeJUKTOPbI
HaYMHAOIMXCS [aTo/I0rHYe CKUX MPOLeCCOB /0 TOrO,
KakK 3TO OTPa3UTCs BO BHEIIHUX (pakTopax: (hrsndecKout
paboTocnocob6HOCTH, MPU3HAKAX TIePEyTOM/IEeHNS,
a B Cep/ille pa30BbIOTCH 1eCTPYKTUBHbIE U3MEHEeHUS.
OpHako OTCYTCTBHe YCTAaHOBJIEHHBIX HOPM B COZep-
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»kaHuM ayTo-AT K crienduueckum 6esikam KapAuo-
MHUOLIUTOB B OPraHU3Me CIIOPTCMEHOB He T03BOJIsieT
WCTIO/Tb30BaTh JJaHHbIE MapKephbl B MPAKTUKE C Lie/Tbi0
paHHel JUarHOCTUKY BO3HUKAIOLUX HAapYLLIEHUMN
B CepZieuHO-COCYUCTON CUCTeMe criopTcMeHa. [1o3-
TOMY Za/ibHelIIast paboTa /I0/pKHa ObITh HarpaB/ieHa
Ha yCTaHOBJIeHWE ZI0MyCTUMbIX HOPM B COZlepKaHUU
ayto-AT K crierjudrueckium 6eKaM KapuOMHOLIITOB
Ha 3Tare UHTeHCU(PUKALIMY TPEHUPOBOUHBIX Harpy30kK
npeJiCTaBUTe/Iel Pa3IMYHBIX BUAOB CIIOPTA, UTO T10-
3BOJIUT MPAKTHUYeCKUM BpauaM /laBaTh peKOMeH/1al[uu
B KOPPEKLIMHA TPEHUPOBOUHOIO TpoLiecca C Le/bio
nipeyTipexaeHns MOpPOPyHKIMOHATbHBIX HapyIIeHUH
B CEpPJIeUHO-COCY/IUCTOM CUCTEME CITIOPTCMEHa.
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Abstract. Relevance. A statistical study of drug addiction among young people for 2010—2020 is needed in order to
develop recommendations for the treatment of drug addiction. The aim of the research was to analyze trends of substances
dependence disorder among adolescents. Materials and Methods. The present research is based on the national statistics data
collected and presented in Federal Statistical Monitoring Form Ne 11 ‘Data on substances dependence disorder cases’; Federal
Statistical Monitoring Form Ne 37 ‘Data on drug and toxic substances (inhalant) addicted adults’, which include estimates
about adolescents aged 15—17 who seek addiction treatment initiation at public medical health facilities across Russia and
in Moscow. The monitoring period is from 2010 to 2020. All substances dependence disorder morbidity rates were analyzed
according to ICD-10 and presented as a breakdown of: drug addiction (dependence) syndrome and health detrimental abuse,
first admissions; diagnostic groups, and medical conditions —mental disorders and deviant behaviors caused by drug and
non-narcotic psychoactive substances abuse. The data were collected, compiled and Microsoft Office Excel 2016-processed to
underlie a database. Results and Discussion. Alcohol and psychoactive substances abuse disorders showed the downward trend,
both across Russia and Moscow. Drug abuse disorders showed the decline across Russia, while Moscow saw the same rates
growing. Conclusion. The set of the government-backed programs adopted across Russia and in Moscow to fight the spread of
adolescent substances dependence disorders delivered a positive result.

Key words: analytics, adolescents, drugs, psychoactive substances, mental disorders and deviant behaviors, health detrimental
abuse, addiction
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Introduction

Psychoactive substances using without doctor’s
prescribe is a real hazard for the health. It increases the
risk of different mental disorders. The most danger this
case for teens [1—6]. Analytics developing and research
supporting are the goals of Russian counter-drug policy
until 2030 [7]. The high level of spreading mental and
behavioral disorders in the world as in Russia that
caused by substance abuse (narcological diseases)
shows importance of epidemiological researches and
prevention measures of substance abuse [8]. There were
counter-alcohol [9] and counter-drug policy [10] in
Russia in 2010—2020 years that realized for decreasing
aftermath of psychoactive substances abusing.

Materials and methods

The present research is based on the national
statistics data collected and presented in Federal
Statistical Monitoring Form Ne 11 ‘Data on substances
dependence disorder cases’; Federal Statistical
Monitoring Form Ne 37 ‘Data on drug and toxic
substances (inhalant) addicted adults’, which include
estimates about adolescents aged 15—17 who seek
addiction treatment initiation at public medical
health facilities across Russia and in Moscow. The

HEALTH POLICY AND PUBLIC HEALTH

monitoring period is from 2010 to 2020. All substances
dependence disorder morbidity rates were analyzed
according to ICD-10 and presented as a breakdown
of: drug addiction (dependence) syndrome and health
detrimental abuse, first admissions; diagnostic groups,
and medical conditions—mental disorders and deviant
behaviors caused by drug and non-narcotic psychoactive
substances abuse. The data were collected, compiled
and Microsoft Office Excel 2016-processed to underlie
a database.

Results and discussion

This study is deals with the analysis of the drug
situation among adolescents in Russia and Moscow
for 2010—2020. It should be noted that due to the
peculiarity of the development of narcological disease,
the indicator of primary referral (for the first time in
their lives who applied for drug treatment) is the most
informative among the adolescent population. At the
same time, the majority of adolescents, who seek
treatment for drug abuse are diagnosed with «harmful
use (use with harmful consequences) of psychoactive
substances», since in most cases the diagnosis of
«substance dependence syndrome» has not yet been
formed. At the same time, the early onset of substance
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use significantly increases the risk of substance
dependence syndrome and other mental disorders at a
more mature age [2].

General (primary) incidence of substance abuse
disorders among adolescents

The indicator of the general incidence of drug
addiction disorders includes data on the primary
treatment of adolescents with mental and behavioral
disorders caused by «harmful use (harmful
consequences)» and «addiction syndrome» from:
alcohol, narcotic drugs, non-narcotic drugs (other toxic
substances).

An analysis of the state statistics data on the
primary appeal for drug treatment (general incidence)
among adolescents aged 15—17 years for 2010—2020,
both in Russia as a whole and in Moscow, determined
a pronounced downward trend. It is indicated that in
2010 the primary incidence among adolescents in Russia
was 916.7 per 100 thousand adolescents, in Moscow —
1293.6 per 100 thousand adolescents (Fig. 1), which
is higher than the average for Russia by 30 %. In the
period from 2010 to 2016, the primary incidence rate
among adolescents decreased both across the country
as a whole and in Moscow, and in Russia the decrease
in the indicator was more systematic compared to
Moscow. By 2016, the primary incidence in Russia
and Moscow was approximately at the same level, after

which this figure in Moscow until 2018 was lower than
the average for Russia. By 2020, the rate of primary
contact with drug addiction disorders among adolescents
in Russia and Moscow was approximately the same,
187.6 and 196.9 per 100,000 adolescents, respectively.
At the same time, if in Russia this indicator showed
a systematic decrease, then in Moscow, compared to
2018, the primary appeal among adolescents increased
by 54 % (from 127.5 to 196.9 per 100,000 adolescents,
respectively).

An analysis of initial referrals showed that in 2010,
both on average in Russia and in Moscow, adolescents
mostly treated with drug disorders caused by «harmful
use» (with harmful consequences), in Fig. 2 indicates
that only 2.8 % of adolescents in Russia applied for
the first time for drug treatment with a «substance
dependence syndrome», in Moscow the same indicator
in 2010 was 0.5 % of the total number of adolescents
who applied. The studied indicators have not undergone
pronounced changes by 2020. In Russia, the proportion
of initial visits among adolescents with «harmful
use» (with harmful consequences) was 97.6 %, with
addiction syndrome 2.4 %, respectively. In Moscow,
during the study period, there was a slight increase in
the proportion of initial visits among adolescents with
«substance dependence syndrome», up to 4 % the share
of initial visits with «harmful use» was respectively
96 %.

Fig. 1. Primary incidence (total) among young adults aged 15—17 battling drug dependence disorder across Russia
and in Moscow for the years 2010—2020 (per 100k adolescent population)
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Fig. 2. Structural differences for cases of first admission to treatment of young adults aged 15—17 struggling with drug
dependence disorder across Russia and in Moscow for the years 2010—2020 in percent

Mental and behavioral disorders caused
by alcohol abuse

As in previous years, the largest number of
appeals to state institutions providing drug treatment
to adolescents was related to alcohol consumption.
On fig. 3 indicates that in Russia in 2010 the share
of primary drug treatment requests related to alcohol
abuse (addiction syndrome and harmful alcohol use)
amounted to 86 % of the total number of primary drug
treatment requests (total) among adolescents in Russia

in this year, this is higher than the same indicator for
2020, the share of which was respectively equal to 73 %.

In Moscow, the proportion of mental and behavioral
disorders caused by alcohol in the total number of
drug addiction disorders among adolescents in 2010
was 92 %; the same figure in 2020 was 50 % (Fig. 3).
The share of initial visits with «alcohol dependence
syndrome» among adolescents in 2010 was less than
1 %. The same indicator in 2020 was 0, which is
indicated in Table 1.

Fig. 3. Cases of first admission to treatment of young adults aged 15—17 battling alcohol-related disorders as compared
to all other drug dependence disorders across Russia and in Moscow for the years 2010—2020 in percent

HEALTH POLICY AND PUBLIC HEALTH
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Table 1

First admission data for adolescents aged 15—17 suffering from drug dependence disorder across Russia
and in Moscow for the years 2010—2020 per 100k adolescent population

Primary Incidence Incidence Rates in percent, %
Years 2010 2020 Decrease/Increase
Russia | Moscow | Russia | Moscow Russia Moscow

Cases gf flrs.t admission to treatment of young adults 916.7 1293.6 1876 196.9 -80 84
struggling with drug abuse disorder
Alcohol dependence syndrome R )
(Stearns’ alcoholic amentia included) 105 17 0.9 0 o 100
Health detrimental (harmful effect included) alcohol abuse 783.2 1200.6 136.8 98.9 -82 -91
Drug dependence syndrome (drug addiction) 7.27 4.2 2.7 7.8 -63 83
Health detrimental drug abuse 65.2 66.5 35.3 78.7 -46 18
Non-narcotic psychoactive substances (inhalant abuse) 6.8 0 0.9 0 87 0
dependence syndrome
Non-narcotic psychoactive substances abuse R )
(harmful effect included) 43.5 20.4 11 14 74 44

Mental and behavioral disorders caused
by drug use
Analysis of primary appeals among adolescents
with mental and behavioral disorders caused by drug
use in Russia and Moscow for 2010—2020 has shown
the following features. On fig. 6 indicates that in Russia
in 2010 the proportion of cases among adolescents with
disorders caused by the use of narcotic drugs out of
the total number of cases with narcological disorders

2010

100%
98%
96%
94%
92%

90%

88%

Russia Moscow

s [ ]
Al Drugs

(total) in state narcological institutions was 7.9 %. At
the same time, it is indicated that the proportion of visits
among adolescents with drug dependence syndrome
of the total indicator of disorders caused by drug use
was about 10 %. In Moscow, respectively, in 2010 the
proportion of drug use disorder visits was 5.4 %, while
the share of drug use disorder visits was about 6 % of
the total drug use disorder visits among adolescents.

2020

100%

80%

60%

40%

20%

0%
Russia Moscow

3 | |
Al Drugs

Fig. 6. Cases of first admission to treatment of young adults aged 15—17 struggling with drug abuse disorder,
as compared to all other drug dependence disorders (total) across Russia and in Moscow for the years 2010—2020 in percent
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In 2020, there was a change in the structure of
calls among adolescents with drug use disorders. In
Russia, the share of such disorders in the total number
of visits was 20.2 %, while the proportion of visits with
addiction syndrome was 7 %, which is lower than the
same indicator for 2010. In Moscow in 2020 there was
a more significant change in the structure of primary
visits among adolescents with disorders, caused by drug
abuse, so the share of appeals from the total indicator
was 43.9 %, which is several times more than the same
indicator in 2010, while the proportion of initial appeals
with addiction syndrome in 2020 was 9 %, which is
higher than the same indicator in 2010.

Initial contact among adolescents with harmful
use (harmful consequences) of drugs

The primary appeal of adolescents with harmful drug
use in Russia and Moscow had the following features. On
fig. 7 indicates that in 2010 the rate in Russia and Moscow
was approximately the same, 65.2 and 66.5 adolescents
per 100,000 adolescents, respectively. In 2014, both in
Russia and in Moscow, there was an increase in primary
appeals, in Moscow this trend was more pronounced.
From 2015 to 2018 both on average in Russia and in
Moscow, there was a downward trend in the indicator,
however, since 2018, a second increase in initial referrals
was registered in Moscow, which exceeded the initial
referral rate in Russia.

Fig. 7. First admission rates for adolescents aged 15—17 battling health detrimental (harmful effect included)
drug abuse across Russia and in Moscow for the years 2010—2020 (per 100k adolescent population)

In table it’s indicated that the analysis of the
primary referral rate among adolescents with harmful
drug use for 2010—2020 in Russia showed a decrease
by 46 % (respectively, from 65.5 in 2010 to 35.3 in
2020 adolescents per 100 thousand adolescents). In
Moscow, an increase in the studied indicator by 18 %
was observed (respectively, from 66.5 in 2010 to 78.7
in 2020 adolescents per 100 thousand adolescents).

HEALTH POLICY AND PUBLIC HEALTH

Primary visits among adolescents with drug
dependence syndrome
Dynamics of the primary referral rate with drug
dependence syndrome for the period 2010—2020
in Russia and Moscow was very unstable in its
development. It is indicated in table that the studied
indicator in Russia showed a decrease by 63 % (from
7.21in 2010 to 2.7 in 2020 adolescents per 100 thousand
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adolescents), while in Moscow during the study period
there was an increase in this indicator by 83 % (from
4.2 in 2010 to 7.8 in 2020 adolescents per 100 thousand
adolescents).

On fig. 8 indicates that in 2010 the primary referrals
with drug dependence syndrome among adolescents on
average in Russia was higher than in Moscow, then in
2013 this indicator in Moscow exceeded the data for
Russia. Further from 2014 to 2017 the rate of initial
referral with drug dependence syndrome in Moscow
was lower than in Russia, however, since 2018, the rate
in Moscow has been growing and has become higher
than the average for Russia. In Russia, since 2016, there
has been a trend towards a decrease in primary referral
among adolescents with drug dependence syndrome.

Mental and behavioral disorders caused by use of
non-narcotic psychoactive substances

Figure 9 shows that in 2010, the proportion of

initial visits among adolescents with disorders caused

by the use of non-narcotic substances, out of the total
amount of initial visits with narcological disorders
(total) in Russia, was 5.5 %. It is indicated that the
proportion of visits with the syndrome of dependence
on non-narcotic PAS (substance abuse) of the total
number of visits caused by the use of non-narcotic
PAS was 13.5 %. On fig. 9 indicates that in Moscow
in 2010 the share of initial applications was 1.5 %,
while in table 1 indicated that among adolescents
there was not a single treatment with a syndrome of
dependence on non-narcotic PAS (substance abuse). In
2020, in Russia, the share of applications was 6.3 %
and the share of applications with addiction syndrome
was 7.5 %, in Moscow, respectively, the total share of
applications with disorders caused by the use of non-
narcotic substances was 5.7 %, while, as in 2010 There
has not been a single case of primary treatment with the
syndrome of dependence on non-narcotic psychoactive
substances (substance abuse).

Fig. 8. Primary incidence among young adults aged 15—17 suffering from drug dependence syndrome across Russia
and in Moscow for the years 2010—2020 (per 100k adolescent population)

310

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE



Abramov AYu et al. RUDN Journal of Medicine. 2022;26(3):304—315

Fig. 9. Cases of first admission to treatment of young adults aged 15—17 struggling with non-narcotic psychoactive substances
abuse disorder, as compared to all other drug dependence disorders across Russia and in Moscow
for the years 2010—2020 in percent

Initial contact among adolescents with harmful
use (harmful effects) of non-narcotic psychoactive
substances

In table 1 it is indicated that the rate of primary
contact with harmful use (with harmful consequences) of
non-narcotic psychoactive substances among adolescents
in Russia showed a decrease by 74 % (respectively, from
43.5in 2010 to 11.1 in 2020, adolescents per 100,000
adolescents). On fig. 10 indicates that in Moscow the
downward trend was less pronounced and amounted to
44 % (respectively, from 20.4 in 2010 to 11.4 in 2020

adolescents per 100 thousand adolescents), while if
at the beginning of the study period in Moscow, the
indicator was below the average for Russia, then by 2020
it approached the all-Russian. It is also worth noting that
in Russia, the peak growth in primary referrals with the
harmful use of non-narcotic psychoactive substances
occurred in 2014 and amounted to 53.8 adolescents
per 100,000. As for adolescents in Moscow, there was
some increase in the indicator in 2012—2013 and also
in 2020.

Fig. 10. First admission rates for adolescents aged 15—17 battling health detrimental (harmful effect included) non-narcotic
psychoactive substances abuse across Russia and in Moscow for the years 2010—2020 (per 100k adolescent population)
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Primary visits among adolescents
with non-narcetic substance dependence
syndrome (substance abuse)

The table shows that in Russia, the rate of initial
visits among adolescents with dependence syndrome on
non-narcotic psychoactive substances for 2010—2020
showed a steady downward trend of 87 % (respectively
from 6.81 in 2010 to 0.9 in 2020 adolescents per 100
thousand adolescents). On fig. 11 indicates that in
Moscow the studied indicator in both 2010 and 2020
was equal to 0, only in 2012—2013 there was a slight
increase in turnover.

Government measures aimed at reducing the
prevalence of narcological disorders among the
population have had positive results, which was
reflected in a decrease in the rate of initial treatment
with narcological disorders (total) among adolescents
in both Russia and Moscow.

According to the results of the Anti-Alcohol
Concept 2010—2020 in Russia and Moscow, there was
a steady downward trend in this type of drug addiction
among adolescents.

Despite the global upward trend in the number
of drug use disorders [11, 12], on average in Russia,
there has been a decrease in the initial referral among
adolescents with disorders caused by the use of narcotic

and non-narcotic substances, but the situation remains
difficult.

Moscow, as a large metropolis and capital, has
its own peculiarities in the development of the drug
situation. So, despite the situation with disorders caused
by the use of non-narcotic drugs (other toxic substances)
similar to the all-Russian situation, there was an increase
in primary indicators among adolescents with disorders
caused by drug use. The trend towards an increase in the
proportion of adolescents with mental and behavioral
disorders caused by drug use may be due to a change in
both the drug market situation (the emergence of new
types of drugs), this trend coincides with the global
and active state policy in the field of prevention of
addictive behavior from psychoactive substances,
including measures for the early detection of illegal use
of narcotic drugs and psychotropic substances among
students in accordance with the Order of the Ministry
of Health 581-n [13], which could contribute to the
identification of illegal use of psychoactive substances
among adolescents.

The results of the study showed the importance and
necessity of continuing the epidemiological study of
the narcological situation among adolescents, as well as
assessing the effectiveness of preventive measures aimed
at reducing the prevalence of mental and behavioral
disorders caused by substance use among adolescents.

Fig. 11. Primary incidence among young adults aged 15—17 suffering from non-narcotic psychoactive substances dependence
syndrome (inhalant abuse) across Russia and in Moscow for the years 2010—20s (per 100k adolescent population)

312

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE



Abramov AYu et al. RUDN Journal of Medicine. 2022;26(3):304—315

Conclusions

In Russia and Moscow, there was a steady
downward trend in the overall rate of initial contact
among adolescents with substance abuse disorders
(total). In Moscow and Russia, both in 2010 and 2020,
the largest proportion of appeals among adolescents
was diagnosed with «harmful use (with harmful
consequences)», only in Moscow during the study
period there was a slight increase in the proportion of
appeals of adolescents with addiction syndrome.

The largest numbers of visits were caused by
alcohol consumption, with the majority of cases
diagnosed as harmful use (with harmful consequences)
of alcohol on average in Russia and Moscow in 2010.
However, in 2020, both on averages in Russia and in
Moscow, there were a decrease in the proportion of
requests for mental and behavioral disorders caused by
alcohol use, in Moscow this trend was more pronounced.

For the period 2010—2020 in Russia and Moscow,
the proportion of adolescents with mental and behavioral
disorders caused by drug use increased; in Moscow,
this trend was more pronounced.

The trend of treatment with drug dependence
syndrome among adolescents has its own characteristics.
So in Russia, the studied indicator for the period
2010—2020 showed a decline, while from 2012 to
2015 in the country there was an increase in initial
applications, followed by a decline. In Moscow, the
trend of applications has a more complex structure:
in 2012, 2015, 2018, there was an increase in initial
applications, and for the period 2010—2020 indicator
showed an increase.

The indicator of primary contact with the harmful
use of drugs (with harmful consequences) among
adolescents in 2010 in Russia and Moscow was
almost at the same level, however, by 2020 in Russia,
the indicator under study showed a decrease, and in
Moscow the increase became higher than in average
for the country.

Both in Russia and in Moscow for 2010—2020
there was a slight increase in the proportion of
adolescents with mental and behavioral disorders caused
by the use of non-narcotic psychoactive substances, in
Moscow this trend was more pronounced. At the same

HEALTH POLICY AND PUBLIC HEALTH

time, during the study period in Russia, there was a
steady trend towards a decrease in applications for the
syndrome of dependence on non-narcotic psychoactive
substances (substance abuse), in Moscow in 2010 and
2020 no new cases were reported among adolescents
with substance abuse. At the same time, in Russia and
Moscow, there was a decrease in cases of harmful use
(with harmful consequences) of non-narcotic PAS, and
if in 2010 this indicator in Russia was higher than in
Moscow, then by 2020 it was practically on the same
level with Moscow.
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AHanus HapKoNormyecKkomn cutyauum cpeau noapocTkos MocKBblI
n Poccun 3a 2010—2020 roabl

A.FO. A6pamoB' ', E.A. Komkuna®? —, .. Kuua' ', A.O. AjieKceeHK0? =

"Poccuiickuii YHUBEpPCUTET ApY>KObl HApOAOB, 2. Mockea, Poccutickas ®edepayus
2 MOCKOBCKHI HayYHO-MIPAaKTHUECKUH LIeHTP HapKoJIOTHH [leriapTaMeHTa 3jpaBoOXpaHeHust TopoJia MoCKBE,
2. Mockea, Pocculickas ®edepayus
B antonalekseenko88@gmail.com

AnHoTanus. AkmyaabHocmb. CTaTUCTAYECKOe UCC/elOBaHe HapKO3aBUCUMOCTH cpefiu Mojiogexxu 3a 2010—2020
roZibl He0OXOIUMO C 11e/TbI0 Pa3paboTKH peKOMeH/ AW TI0 JieueHHI0 HapkoMaHuH. Llenb ucc1edo8aHus coCTosiia B TOM, UTOOBI
TIpOaHa/IM3UPOBaTh TeH/|eHLMH PaCCTPONCTB 3aBUCHMOCTH OT IICHX0aKTHBHBIX BEIeCTB Cpe/y MOAPOCTKOB. L]eb uccnedosaHus.
AHan3 HapKOJIOTUYeCKOH CUTYaLly cpefy MogpocTKoB 3a 2010—2020 IT. Ha OCHOBe CTaTUCTUUYECKHX JJaHHBIX, [JIs pa3paboTKu
peKOMeH/Ial{ii 110 OpraHM3al{ii HapKOJIornyecKou rnomouu. Mamepuanbl u memooObl. VicciejoBaHre 0CHOBaHO Ha JJaHHBIX
rOCy[,apCTBEHHOM CTaTUCTUKHU: ¢popMa (efepanbHOTo cratuctiueckoro Habmopenust Ne 11 «CeefieHus 0 3a00/1eBaeMOCTH
HapKOJIOTHUeCKUMHU PacCTPOHCTBaMm», hopma ¢eZiepanbHOTO cTaTUcTdeckoro HabmogeHust Ne 37 «CBefieHUs 0 TaL[eHTax,
OO/BHBIX a7IKOTO/IM3MOM, HApKOMaHHSIMH, TOKCUKOMAaHHSIMI», COZIeprKallliie CBeZIeHbsI 110 TIePBUYHOM 06paraeMoCTH 3a HapKoJIo-
T'MYeCKOU TOMOIIBIO CpeJy TIOAPOCTKOB 15—17 j1eT B rocyAapCTBeHHbIe MeAUIMHCKUe yupexaeHus Pocciy 1 Mockssl. Ilepuog,
Habmogenust 2010—2020 rr. Bbi npoaHaM3UPOBaHbI TOKa3aTesy 001eld pacrpoCTPaHeHHOCTH BCeX BH/JOB HAPKOJIOTHYeCKUX
paccrpoiict cornacHo MKB-10— cHHIPOM 3aBUCHMOCTH M MaryoHoe yroTpeb/ieHre — 3aperuCTPUPOBaHHEIE BIIEPBEIE,
a TakXKe M0 JMarHoCTH4YecKuM rpyrmmam. COop, co3naHue 6a3bl JaHHBIX U aHaIU3 ObLT MPOU3Be/IeH C TIOMOIIIBIO TIPOTPaMMEbI
Microsoft Office Excel 2016. Pe3yasmambt u 06cyxcderue. OrpeiesieHo, UTO [iyisi TOAPOCTKOB Harbosiee XapakTepHa MepBUYHast
o0parlaeMoCThb 3a HaPKOJIOTMYeCKOM MOMOIIIBIO C AMarHO30M «IarybHoe yrorpebieHue (C HeTaTUBHBIMU 10C/IeACTBHUSMHE)».
B Poccun 1 Mockse 3a 2010—2020 rr. Hab/moganoch yCTOWUMBOE CHIKEHHE MepBUYHOI 00pariaeMoCTH 38 HapKOJIOTHUeCKOMH
TIOMOIIIBFO, UTO B [EPBYI0 0uepeib ObLI0 00YC/IOBIEHO CHIKEHHEM HapKOJIOTHUYeCKHX PaCCTPOMCTB, BBI3BAHHBIX YIIOTpeOIeHHeM

314 OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE


https://orcid.org/0000-0001-7178-1260
https://orcid.org/0000-0001-7694-8533
https://orcid.org/0000-0001-6529-372X
https://orcid.org/0000-0003-1663-617X
mailto:antonalekseenko88%40gmail.com?subject=%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%9E.%D0%90.
mailto:antonalekseenko88%40gmail.com?subject=%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%9E.%D0%90.

Abramov AYu et al. RUDN Journal of Medicine. 2022;26(3):304—315

ankorosisi. IIpy 3TOM /011 TIepBUUHBIX 00paIlleHUi ¢ HAPKOJIOTHYeCKUMH PaCcCTPOHCTBaMH, BbI3BAHHBIMU yIOTpebieHreM
aJIKorosisi, ocTaeTcs npeobnagaroieid. Kak B Poccuw, Tak v B MOCKBe cpe/ivi TIOPOCTKOB HaO/Itofjanack TeHEHINST CHYDKEHHUST
PAacCTPOUCTB, BBI3BaHHBIX YIIOTPeOIeHHEM HEHAPKOTHUECKUX TICUXOaKTHBHBIX BellleCTB. BMecTe ¢ TeM TeHeHLIUs pacCTPOKCTB,
BbI3BaHHBIX YIIOTPeb/ieHreM HapKOTUUECKUX CPeJCTB B Poccuu, MMesia TeH/IEHLIMIO Ha CHYDKeHHe, KOrzla Kak B MOCKBe TOKa3aTesii
MIPOAEMOHCTPUPOBA/IU MPUPOCT. BbigoOdbl. COBOKYITHOCTh FOCYIapPCTBEHHBIX Mep, Harpae/ieHHbIX Ha 60pbOy € pacmpocTpaHe-
HHeM HapKOJIOTUYeCKHX PacCTPOMCTB Cpeay TIoIpOCTKOB B Poccru 1 MoCKBe, MeeT MOJIOKUTe/IbHbIe pe3y/ibTaThl. [1pu 3ToM
CHTYyaLUs C PaClipOCTPAHEHHOCTHIO MICUXUYECKUX U TTOBEeJEHUECKUX PACCTPOMCTB, BbI3BAHHBIX YIIOTPeOIeHHeM HADKOTHUECKUX
CpeJiCTB Cpe/ii TIOPOCTKOB, OCTaeTCs TPYAHOH, B MOCKBe Takoe I0JI0)KeHHe BbIpaKeHO CHJIbHel. [laHHast TeH/IeHLsI COBIIa/iaeT
¢ 0611eMHUPOBOH.

KiroueBble €/10Ba: aHa/IMTHKA, TOIPOCTKYA, HAPKOTHKH, TICUXOAKTHBHBIE BellleCTBa, ICUXUYeCKHe 1 TIoBeleHueCcKre
PaccTpoiCTBa, 3aBUCUMOCTD

Hudopmanus o hpuHAHCUPOBaHUH. ABTODEHI 3asiB/ISIIOT 06 OTCYTCTBHUM BHELIHEro (MHAHCHPOBAHUSI.

Bkuaj aBTopoB: A6pamos A.FO.— KoHIenIws ¥ Ju3aiiH nccnenoBanust; Komkuna E.A.— fu3aiiH ucciefoBanus, 0630p
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Abstract. Relevance. The high incidence, prevalence and mortality in tuberculosis determines the relevance of improving
clinical and organizational processes in terms of algorithmization. The aim of the study was to develop and evaluate the
effectiveness of the clinical and organizational management algorithm for tuberculosis medical care at the regional level.
Materials and Methods. The object of the study (2007—2021) were the tuberculosis medical care system of the Sverdlovsk region,
Russian Federation. The scientific and methodological bases were Department of Health Organization, Drug Supply, Medical
Technologies and Hygiene of the Peoples’ Friendship University of Russia topic SRW Ne 214791-3-000. The development of
the algorithm was carried out on the basis of a scientifically proven universal clinical management system. The epidemiological
tuberculosis author data and of Rosstat in the Sverdlovsk region for 2007—2020 were used — general and structural morbidity,
prevalence, mortality, as well as the number of 3, 4 and 6 groups of dispensary registration of patients. The efficiency of the
algorithm was evaluated by the dynamics of the complex of epidemiological indicators of tuberculosis. Research methods were
applied: content analysis, analytical, statistical, comparative, expert. Significance was assessed using the t-White test. Differences
in the compared parameters were considered significant at p<0.05. Results and Discussion. The effectiveness of the developed
algorithm for managing regional tuberculosis medical care, including the components of needs analysis, systematization,
automation and telecommunications, interdisciplinary integration, resource provision and performance evaluation, was confirmed
by a significant decrease in the Sverdlovsk region for the period 2007—2020 general incidence by 2.05 times (from 119.9 to
51.7 per 100 thousand of the population), the incidence of children 0—14 years old by 1.48 times (from 18.7 to 12.6 per 100
thousand children of the corresponding age), prevalence in the population by 1.8 times (from 258.6 to 143 per 100 thousand
of the population) and mortality from tuberculosis by 2.675 times (from 21.4 to 8.02 per 100 thousand of the population)
(p<0.001). The COVID-19 pandemic (2020—2021) did not worsen the epidemiological situation for tuberculosis in the region.
In 2020, an active form of tuberculosis was detected in 2201 people, which is 16 % less than in 2019 (p<0.05). The prevalence
of epidemiologically dangerous bacillary forms of the disease for the period 2019—2020 decreased by 15.4 %, from 73.2 to 61.9
per 100 thousand population (p<0.05). Conclusion. Clinical and organizational management of tuberculosis medical care based
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on the algorithmization of scientifically evidence processes increases the effectiveness of therapeutic and preventive measures

and the social and epidemiological well-being of the population.

Key words: tuberculosis; algorithm; morbidity, mortality, prevalence, clinical and organizational management
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Introduction

Management of the incidence and prevalence
of infectious diseases, including socially important
tuberculosis, HIV infection and COVID-19, is an
actuality public health problem in all countries of the
world [1—6].

The high prevalence of HIV-associated forms of
tuberculosis, the disability of children and the working-
age population caused by tuberculosis infection, the
high frequency of acute and antibiotic-resistant forms
of the disease determine the relevance of improving
anti-tuberculosis care as a strategy to combat global
socially dangerous phenomena [5, 6].

Management of tuberculosis medical care in a
«manual» mode, through an exclusively analysis of
epidemiological coefficients and mathematical modeling
of tuberculosis measures, is not an effective process.
Most of the developed algorithms for managing the
epidemiological coefficients of tuberculosis are of

HEALTH POLICY AND PUBLIC HEALTH

an analytical nature and are not always effective in
practice [7, 8].

Scientifically and practically proven effective
resource technologies, including tuberculosis
vaccination, laboratory and radiation diagnostics, and
treatment of latent forms of tuberculosis, which allow
managing epidemic trends, are used at the regional
level with varying degrees of effectiveness [1, 7—11].

Despite the positive dynamics of the decrease in the
overall incidence, prevalence and mortality associated
with tuberculosis infection in the Russian Federation, the
incidence of tuberculosis in the children’s population and
men of all age groups by 2013 exceeded similar indicators
of European countries by 5 times or more [3—®6].

The Sverdlovsk region is a subject of the Russian
Federation characterized by high rates of incidence
and prevalence of tuberculosis, exceeding the national
average by 1.3—1.5 times. The tense epidemiological
situation with respect to tuberculosis in the Sverdlovsk
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region is due to a number of factors, including high
rates of HIV infection for the period of December 2012
prevalence— 1347.5 cases per 100,000 population,
morbidity— 136.4 cases per 100,000 population,
the presence in the region of a significant number of
institutions of the Main Directorate of the Federal
Penitentiary Service, the social, economic and
geographical characteristics of the region in the national
economic positioning and health care in general [13].

In the context of the observed epidemiological
tension caused by tuberculosis infection, not all risk
factors can be eliminated or their influence weakened.

Management of clinical and organizational
processes based on algorithms has been scientifically
proven in various diseases. The effectiveness of the
developed clinical and organizational systems is widely
presented in the available scientific literature [8, 9, 13].

Strategically effective is the systematic management
of tuberculosis medical care based on the processes of
algorithmization and automation, primarily tuberculosis
dispensaries, a process-oriented approach and efficient
use of resource opportunities available to regional
healthcare [1, 7, 10, 11].

The aim of this study was to develop a clinical and
organizational management algorithm of the regional
tuberculosis medical care and analyze and evaluate
its effectiveness in terms of a set of evidence-based
epidemiological monitoring coefficients.

Materials and methods

The object of a comprehensive milestone study
conducted in 2007—2021 was the system of tuberculosis
medical care in the Sverdlovsk region. The base and
scientific and methodological support was carried out by
the Department of Health Organization, Drug Supply,
Medical Technologies and Hygiene of the Peoples’
Friendship University of Russia in accordance with the
Research topic No. 214791-3-000. The development
of the algorithm was carried out on the basis of a
scientifically proven universal clinical management
system [9]. Epidemiological data on tuberculosis of
Rosstat in the Sverdlovsk region for 2007—2020
were used. The regional indicators of general and
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structural morbidity and prevalence of tuberculosis,
mortality, as well as the number of groups 3, 4 and 6
of dispensary registration of patients with tuberculosis
were studied. The analysis and evaluation of the clinical
and organizational effectiveness of the algorithm was
carried out according to the dynamics of the complex
of epidemiological indicators of tuberculosis. Research
methods were applied: content analysis, analytical,
statistical, comparative, expert. Statistical processing of
the material was carried out on the basis of the Statistica
6.0 package. Significance was assessed using the t-White
test. Differences in the compared parameters were
considered significant at p<0.05.

Results and discussion

The study found high incidence, prevalence and
mortality rates due to tuberculosis in the Sverdlovsk
region, 1.3—1.8 times higher than the average for the
Russian Federation for the period 2008—2012. The
region during the study period is characterized by an
increase in the incidence of children aged 7—14 years
to 46.2 per 100 thousand of the population, a high
proportion of newly diagnosed tuberculosis patients
in the age group of 25—44 years, including those with
lung tissue decay of more than 36 %, and high numbers
of multidrug resistant infections.

To develop an algorithm for clinical and
organizational management in tuberculosis at the
regional level, a model of clinical management at the
level of the health care system was created, which is
shown in Figure 1 (Fig. 1).

Clinical management of tuberculosis at the level
of the health care system and medical organization is
based on the processes of effective clinical practice and
continuing medical education of specialists.

Tuberculosis medical organizations, including
dispensaries, offices and departments, are structural
and functional components of the model of clinical
management of tuberculosis medical care, on the basis
of which a database of epidemiological coefficients is
created and monitoring indicators are introduced, and
the medical, economic, clinical and analytical aspects
of medical care are implemented.
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Fig 1. Clinical management model for tuberculosis medical care

Medical and economic planning, development
of patient routing, interdisciplinary integration,
implementation of indicators for monitoring and
evaluating the effectiveness of tuberculosis medical
organizations, continuous epidemiological and economic
analysis of the effectiveness of tuberculosis activities
and integrated personnel improvement are established
as integral processes of the clinical management model
for tuberculosis at the level of a medical organization.

The role of medical personnel is strategically
important for solving the problems of clinical
management of a complete and objective continuous
formation of a base of the tuberculosis epidemiological
coefficients for evidence-based clinical and economic
monitoring of the effectiveness of tuberculosis medical
organizations at the stage of primary health care, including
outpatient care and rehabilitation and inpatient care.

Based on the universal model of clinical
management, an algorithm for managing regional
tuberculosis medical care has been developed as a
system for integrating evidence-based and proven
best clinical and organizational processes, including
components of analysis, systematization, automation

HEALTH POLICY AND PUBLIC HEALTH

and telecommunications, interdisciplinary integration,
resource provision and performance evaluation. The
Clinical and organizational management algorithm of
regional tuberculosis medical care is shown in Figure 2.

The effectiveness of the implementation of clinical
and organizational algorithm for managing regional
tuberculosis medical care is confirmed by the results of
a significant decrease in the Sverdlovsk region for the
period 2007—2020 the overall incidence of tuberculosis
by 2.05 times (from 119.9 to 51.7 per 100 thousand of
the population), the incidence of tuberculosis in children
aged 0—14 by 1.48 times (from 18.7 to 12.6 per 100
thousand children of the corresponding age), prevalence
of the disease in the population by 1.8 times (from 258.6
to 143 per 100 thousand population) and mortality from
tuberculosis in the region by 2.675 times (from 21.4 to
8.02 per 100 thousand population), p < 0.001.

The COVID-19 pandemic (2020—2021) did not
affect the deterioration of the epidemiological situation
for tuberculosis in the region, and reasonably led to an
increase in the number of performed lung examinations
using computed tomography.
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Fig 2. Clinical and organizational management algorithm of regional tuberculosis medical care

Mortality from tuberculosis in 2021 decreased to
7.2 per 100,000 population. In 2020, the active form
of tuberculosis was detected in the population of the
region in 2201 people, which is 16 % less than in 2019
(p<0.05).

The prevalence of the most epidemically dangerous
bacillary forms for the period 2019—2020 decreased by
15.4 %, from 73.2 to 61.9 per 100 thousand population
(p<0.05).

Among the positive epidemiological trends in
tuberculosis in the Sverdlovsk region in 2020 after
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the implementation of the algorithm, the following can
be distinguished:

1. A downward trend in the overall incidence of
tuberculosis. For the period 2019—2020 the overall
incidence of tuberculosis in the region significantly
decreased by 22.5 %, from 66.7 to 51.7 per 100,000
population (p<0.05);

2. The downward trend in the incidence of children
aged 0—14 years, which for the period 2019—2020
significantly decreased by 15.4 %, from 14.9 to 12.6 per
100 thousand children (p<0.05);
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3. The downward trend in the incidence of children
aged 15—17 years, which for the period 2019—2020
significantly decreased by 20 %, from 19 to 15.2 per
100 thousand children (p<0.05);

4. The downward trend in the prevalence of
tuberculosis in the Sverdlovsk region, which for the
period 2019—2020 significantly decreased by 16.3 %,
from 170.8 to 143.0 cases per 100 thousand population
(p<0.05);

5. A downward trend in distribution prevalence of the
most epidemically dangerous bacillary forms, which for
the period 2019—2020 significantly decreased by 15.4 %,
from 73.2 to 61.9 per 100 thousand population (p<0.05);

6. A downward trend in the mortality of the
population of the region from tuberculosis. For the period
2019—2020 tuberculosis mortality in the Sverdlovsk
region decreased from 8.6 to 8.0 per 100,000 population.

The scientific and practical results of a
comprehensive medical and social study, the
introduction of which into the regional health care
system of the Sverdlovsk region confirmed their
scientific and practical significance for improving anti-
tuberculosis care, made it possible to issue author’s
clinical and organizational inventions and protect patents
for industrial designs, presented below:

1. Scheme of the study of patients with pulmonary
tuberculosis dated April 16, 2014, Ne 87962;

2. Scheme of an integrated methodology in
pulmonology and phthisiopulmonology dated February
16, 2014, Ne 87963;

3. Scheme of examination of patients for exercise
therapy in pulmonology and phthisiopulmonology dated
February 16, 2014, Ne 87964,

4. Scheme of the results of the study of patients with
pulmonary tuberculosis in comparison between the main
and control groups dated February 16, 2014, Ne 87965;

5. A set of pages of guidelines «Tactics of selecting
a patient with drug-resistant tuberculosis for a course
of second-line chemotherapy» dated December 27,
2016, Ne 101554;

6. A set of pages of the algorithm «Analysis of
the activities of the tuberculosis dispensary based on
the results of the quarter» dated December 27, 2016
Ne 101556

HEALTH POLICY AND PUBLIC HEALTH

7. «Algorithm of medical tactics in detecting
tuberculosis of extra pulmonary localizations of their
high-risk group» dated August 07, 2017, Ne 104472.

Conclusion

Clinical-organizational management using
algorithms underlies the efficiency, safety and
resource thrift of medical care processes. The
choice of a strategy for clinical and organizational
management in tuberculosis is a complex medical
and economic task in the face of the difficulty of
predicting the influence of numerous risk factors for
the development, spread, progression and formation of
drug resistance of tuberculosis infection. The algorithm
for managing regional tuberculosis medical care is
presented as a system for integrating evidence-based
and proven clinical and organizational practices and
processes, including components of needs analysis,
systematization, automation and telecommunications,
interdisciplinary integration, resource provision and
performance evaluation, and as a result, making
adequate management decisions. Analysis of the results
of the development and implementation of an innovative
clinical and organizational management algorithm
for tuberculosis at the regional level testified to its
effectiveness for a sustainable progressive reduction
in the overall incidence, prevalence and mortality
associated with tuberculosis.
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MPOTUBOTYOEPKY/Ie3HOH MOMOII[bIO HAa YPOBHE peroHa. Mamepuaabt u memooblt. O6bekTom ucciepoBanus (2007—2021 rr.)
sIBU/IACh CHICTeMa MPOTHUBOTYOepKysie3HoM oMoty CBep/IoBCKOM obmacTH, 6a3a ¥ HayuyHO-MeTOANYeCKOe COTIPOBOXK/IeHHe
OCYILIeCTBISIOCH Kadepoii opraHu3aLiy 34paBooXpaHeHus], 1IeKapCTBEHHOT0 00ecrieueHus], MeJULIMHCKUX TEXHOIOTHH U I'H-
rveHbl Poccuiickoro yHuBepcuTeTa Apy>KObl HApofioB B cOOTBeTCTBUU ¢ TeMou HUP Ne 214791-3-000. Pa3paboTKy anroputma
OCYIL{ECTB/IS/TA Ha OCHOBaHMM Hay4HO JI0Ka3aHHOM YHHBepCa/IbHOM CHCTeMbI KIMHMYeCKoro yripas/ieHus. Vicromb30BaHa aBTOpCKast
vH(pOopMaLYs U JaHHbIe 10 Tybepkyse3y Poccrara o CeepgioBckoii obmacti 2007—2020 rr.— cTpykTypa 3ab0/ieBaeMoCTH,
PacrpoCTpaHeHHOCTH, CMEPTHOCTb, a TAK)XKe YUC/IEHHOCTD MareHToB 3, 4 ¥ 6 Tpyrim AucriaHcepHoro yueta. OueHky 3¢ deKkTus-
HOCTH aJITOPUTMa TMPOBOIMIIH TIO TUHAMUKe KOMITIEKCa IMH/IeMUOJIOTHUeCKUX TToKa3saresiei TyOepkyse3a. [IppumMeHeHbI MeTO/[bI
UCC/Ie/I0BaHNs: KOHTEHT-aHa/Iu3, aHa/IMTUUeCKUH, CTaTUCTUUeCKUH, CPaBHUTE/bHBIN, SKCIIePTHBIN. [1/1s1 OL|eHKH [J0CTOBEPHOCTU
TIPUMEHSI/ICSI KpUTepuii t-Yaiita. Pa3nuuusi cpaBHMBaeMbIX TT0Ka3aresieli cuntanu focToBepHbIMU TIpU p < 0,05. Pe3yabmambl
u obcyscderue. DpheKTUBHOCTL pa3paboTaHHOTO aJITOPUTMA YTIpaBJieHHsl perHoHaNbHOM IIPOTHBOTYOepKy/Ie3HOH OMOLIIbIO,
BKJTFOUAOLLIETr0 KOMITOHEHTHI aHa/Iv3a MOTpe6HOCTH, CUCTeMaTH3alli1, aBTOMATH3aLMH 1 TeeKOMMYHHUKALIH, MK IUCLIATUTMHAPHOK
VIHTeTpaLiy, peCypCcHOTo obecriedeHus M OLeHKU 3¢ (eKTHBHOCTH, TIOATBEP K/|eHa [J0CTOBePHBIM CHIKeHHeM B CBepAIOBCKOM
o6smactu 3a mepuog 2007—2020 rr. obirieti 3ab6oneBaemocT B 2,05 paza (¢ 119,9 g0 51,7 Ha 100 Thic. HaceeHws), 3a00/1IEBAEMOCTH
neteit 0—14 net B 1,48 pasa (c 18,7 1o 12,6 Ha 100 ThIC. feTeit COOTBETCTBYIOILIETO BO3pACTa), PACIIPOCTPAHEHHOCTH B MOMYJISLIMA
B 1,8 pasa (c 258,6 no 143 Ha 100 ThIC. HacesieHUs1) U CMEPTHOCTH OT TybepKyne3a B 2,675 pa3a (c 21,4 go 8,02 na 100 TbIC.
HacesneHus1) (p<0,001). [Mangemust COVID-19 (2020—2021 rT.) He YXyZLINIa SMUAEMUOIOTHYeCKYH0 CUTYaLHO 0 TyOepKy/ie3y
B perrore. B 2020 . akTBHas popma TyOepKysie3a BeisieiieHa y 2201 yenoBek, uto Ha 16 % menbiue, uem B 2019 1. (p<0,05).
PacripocTpaHeHHOCTb 3MHEMHUOJIOTHUECKU OTTaCHBIX GalIApHBIX GopM 3aboneBanus 3a neprof, 2019—2020 rr. cHU3UIACh
Ha 15,4 %, c 73,2 go 61,9 Ha 100 Teicsiu HaceneHusi (p<0,05). 3akatoueHue. KITMHUKO-OpraHU3allMOHHOE yIIpaBieHue TIpo-
TUBOTYOepKy/ie3HOH [TOMOIIIbI0 Ha OCHOBE Hay4HO-/I0Ka3aHHbIX ITPOLeCCOB aIrOPUTMH3ALIUY MOBBIIIAET pe3y/bTaTHBHOCTh
NeuebHO-TTPOGUIAKTHYE CKUX MEPOITPUSITHI U COLMa/TBHO-3ITHeMHOJIOTHueckoe 61arorosnyune HaceeHusl.

KiroueBble cj10Ba: TyOepKysies, aropuTM, 3a00/1eBaeMOCTb, CMEPTHOCTb, PACIIPOCTPaHEHHOCTh, K/ITMHUKO-OPraHM3aLiOHHOe
yrpaB/ieHue

Hudopmanus o hpuHAHCUPOBaHUH. ABTOPEHI 3asiB/ISIFOT 06 OTCYTCTBHMM BHELTHEro (pMHAHCHPOBAHHSI.
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IIeeTkoB A.U.; cbop 1 06paboTka MaTepuana— ['onomanos-AkceHoB P.C., [IseTkoB A.U., HanMcaHue TekcTa— Kuua [1.1.,
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BnusiHMe MMKPOOKPY)XEHUS Ha pa3BUTUE
anuTenuanbHO-Me3eHXMMaJIbHOW TpaHCchopMaLun B pake JIerkoro

P.b. Konapariok! ™ n.c. I'pekoB' ', E.A. Ce/ne3Hén?

! ToHELK1iA HalMOHA/IbHBINA MeULIMHCKKI yHuBepcuTeT uM. M. TopbKoro, 2. JJoHeyk, JJoHeykas HapoOHas pecnybiuka
2 AMBpOCHeBCKasl L|eHTpa/IbHas paiioHHas 60/bHUIa, 2. AMBpocueskd, JJoHeyKkas HapoOHas pecnyoauka
< rbkondrat@gmail.com

AHHoTanus. AKmyanbHOCMb. JNUTeNNaIbHO-Me3eHXUMasTbHast TpaHcdopmanus (OMT) Bo MHOroMm omnpefesnsieT 61o-
JIOTUYeCKoe TI0Be/leHre 1 ITPOrHO3 PAKOB pa3/MyHbIX JIoKaau3aluuid. Vi3BecTHO, UTo omnpejenstolee 3HaueHHe B KOHTpOJIe
Y peany3alyy repexoa sMUTeManbHOro (eHoTUIa B Me3eHXUMa/IbHbIN MPUHa//Ie)XUT MUKPOOKPY»KeHH0. BmecTe ¢ Tem
0CTaeTCsI He COBCEM TMOHSATHBIM TMCTOXUMUYeCKHe U MUKPOCKOITMUeCKHe XapaKTepUCTUKY CTPOMAaJIbHBIX 3/IEMEHTOB, I03TOMY
1[eJIbIO HAIllero UCC/Ie/[0BaHUsI ObIIIO yCTaHOB/IEHWe MOP(OIOrHueCKUX 0COOeHHOCTel CTPOMBI, BIUSIOIINX Ha pa3sutue SMT
B pake jierkoro. Mamepuasb! u Memoobl. Hamu Ob110 vicciiejoBaHo 32 ciyvasi paka JIerkoro C OKpackol Cpe30B reMaTOKCHIUHOM
Y 303UHOM, anblidaHoBbIM cvHUM Tipu pH 1,0 u 2,5, PAS-peakijueii, a Tak’ke C MUMMYHOTHCTOXMMHUUECKUM UCCJIeloBaHUEM
C MOHOK/IOHa/IbHBIMU aHTUTenamMu K HMW, AE1/AE3, nutokepatuny 18, c-erb B 2, BuMenTuHY E-Kafrepuny, anbga-riagkoMbl-
meyHomy aktuHy, GFAP u xpomorpanuny A, Ki-67. B 16 ciiyyasix Obl1a pacnipocTpaHeHHast AU TeIMaaIbHO-Me3eHXUMalTbHast
TpaHchopmals, B 14 cnydasix—ouarosasi U B 2 ciyvyasx OMT orcyTcTBoBasia. B rosoBuHe ciiyyaeB pacripoctpaHeHHoN OMT
OHa Obl1a TIOJTHOM, cpefiv cyuaeB ouaroBoii IMT nosHast He BcTpeuasnack. [lepexofly OT SMUTeMManbHOrO K Me3eHXUMalbHOMY
(eHoTHITY CITIOCOOCTBOBA/A aKTUBH3ALMsI CTPOMBI, 8 UMEHHO: Harure Mro(rOpobs1acToB 1 anbLiaHOGUINS FKCTPaL|e/UTEOISIp-
HOT'O MaTPHKCa, BOCIaaUTeIbHasl KieTouHas UHQUILTPaLMs, SKCIIPeccus B KJeTKaX CTPOMBI peLienTopa K 3MujepMaJlbHOMY
¢akrtopy pocra (c-erb B 2), nponudepaiys 1 HeliporeHHas fuddepeHIIMPOBKa KJIETOK CTPOMBI KJIETOK CTPOMBIL. Pe3yibmambl
u obcyxcoeHue. AKTUBU3MPOBaHHas CTpoMa Koppenupyet c uactotoit DMT. Tak, 6osee uacTo BCTPeUarOTCst KPYITHBIE YUaCTKH
aKTMBU3UPOBAHHOW CTPOMBI C HamuyreM MUOGUOp06IacToB 1 anblaHO(UINEN SKCTpaLle/UTHIIPHOTO MaTPUKCA B CITyuasix

© Kongpatiok P.B., I'pekoB U.C., Cene3nés E.A., 2022
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pacripoctpadeHHor OMT (14 u3 16—87,5 %), ueM B ciiyuasix ouaroBoit (4 u3 14—28,6 %). Pa3nuuusi CTaTUCTUUECKU JOCTOBEPHBI,
p<0,01. BocrianurenbHasi KeTouHasi MHOU/IBTPALYS, SIBISFOIIAsCSI HICTOUHMKOM CHTHAJIA /i71si TpaHC(HOpMaLiiH, SKCIIpeccrst
B KJIETKaxX CTPOMBI peLierTopa K 3MujepMasbHOMYy (akTopy pocta (c-erb B 2), npoymidepanys, HelfiporeHHas AnuddepeHIMpoBKa
KJIETOK CTPOMBI TaKXe KoppeaupoBanu ¢ yactoroid DMT. Bo Bcex ciiydasx pas3/nuus CTaTUCTAYeCKH J0CToBepHbl, p<0,01.
Bbi8o0b!1. TTomyueHHbIe JaHHBIe CBHIETENBCTBYIOT O HECOMHEHHOM BIIMSTHUM CUTHAJIOB M3 aKTUBMPOBAHHOM CTPOMBI Ha Pa3BUTHe
3MUTeMaIbHO-Me3eHXUMa/TbHOM TpaHC(opMaL[iM OIyX0/IeBbIX K/IETOK.

KroueBble €/10Ba: pak JIeTKOT0, SMMTeIMaIbHO-Me3eHXUMaslbHast TpaHC(opMariyisi, MUKPOOKPY>KeHHe, CTPOMa, T1aToJIo-
ruyecKasl aHaTOMUS

HNudopmanusa o puHAHCUPOBAaHMHU. ABTODHI 3asIB/SIFOT 00 OTCYTCTBUM BHEILHET0 (PMHAHCHPOBAHUS TPY MTPOBEAEHNUN
WCCJIeJOBaHNsI.

Bkuiag aBTopoB. Konrieriys 1 au3saiid vccienosanus— P.b. Kongpartiok, U.C. I'pekos. Coop 1 obpaboTka mateprania— P.B. KoH-
npartiok, U.C. I'pekos, E.A. Cene3nés. Harmncanume tekcra—U.C. I'pekos, P.b. Kongpatiok. PegaktrpoBanue —1.C. I'pekos,
P.B. Kongpartiok, E.A. Cesie3HéB. Bce aBTOpbI BHEC/TH CYII[eCTBEHHbIN BK/Ia/l B pa3pab0TKy KOHIIEILIMM, TIPOBE/IeHHEe UCC/Ie[OBAHMS
Y TIOJITOTOBKY CTaThH, IPOUWIH U Of00pU/IN (GUHATBHYIO BEPCHIO TTepe IyOIuKariiei.

Hudopmanus 0 KOHQIMKTe HHTEPECOB. ABTOPbI 3asB/ISIIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.
JTHYecKoe yTBep)KAeHNe — HellpUMeHNMO.
BiarogapHocTH — HeNpYMEHUMO.
HNudopMupoBaHHoe corjiacue Ha My0/IUKanuo. Y BCeX MaLMeHTOB ObIIo MoyueHo J06POBOIbHOE HH(POPMUPOBaHHOE
corJiacve Ha ydacTve B UCC/e/IOBaHUU COIVIaCHO XeJIbCUHKCKOM AieKnapauyy BcemupHo# MeaULIMHCKOM accoumaumu (WMA
Declaration of Helsinki— Ethical Principles for Medical Research Involving Human Subjects, 2013), 06pab0oTKy repcoHanbHbIX
[JaHHBIX U COTVIaCHe Ha MyO/MKarLHio.
INToctynuna 01.08.2022. TIpunsra 07.09.2022.

Jnsa nqurupoBanusn: Kovopamiok P.B., I'pekos U.C., Cene3nés E.A. BnusiHue MUKPOOKDY>KEeHHSI Ha pa3BUTHe SITHTeJTH-

asIbHO-Me3eHXUMaJ/IbHOUM TpaHC(opMaluu B pake Jjierkoro // BecTHuk Poccuiickoro yHUBepcHuTeTa ApyKObl HapomoB. Cepus:
Mepuimna. 2022. T. 26. Ne 3. C. 325—337. doi: 10.22363/2313-0245-2022-26-3-325-337

Microenvironment influence on the development
of epithelial-mesenchymal transformation in lung cancer

Roman B. Kondratyuk! = Ilya S. Grekov' ', Evgenii A. Seleznev?

M. Gorky Donetsk national medical University, Donetsk, Donetsk People Republic
2Amvrosievsky Central District Hospital, Amvrosievka, Donetsk People Republic
< rbkondrat@gmail.com

Abstract. Relevance. Epithelial-mesenchymal transformation (EMT) largely determines the biological behavior and prognosis
of cancers of various localizations. It is known that the determining role in the control and implementation of the transition of the
epithelial phenotype to the mesenchymal belongs to the microenvironment. At the same time, the histochemical and microscopic
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characteristics of stromal elements remain unclear; therefore, the aim of our study was to establish the morphological features
of the stroma that affect the development of EMT in lung cancer. Materials and Methods. We studied 32 cases of lung cancer
with hematoxylin and eosin staining of sections, Alcian blue at pH 1.0 and 2.5, PAS reaction, as well as immunohistochemical
studies with monoclonal antibodies to HMW, AE 1 / AE 3, cytokeratin 18, c- erb B2, vimentin E-cadherin, alpha-smooth muscle
actin, GFAP and chromogranin A, Ki-67. In 16 cases, there was widespread epithelial-mesenchymal transformation (EMT), in
14 cases—focal and in 2 cases EMT was absent. In half of the cases of widespread EMT, it was complete; among the cases of
focal EMT, it was not complete. The transition from the epithelial to the mesenchymal phenotype was facilitated by the activation
of the stroma, namely, the presence of myofibroblasts and alcianophilia of the extracellular matrix, inflammatory cell infiltration,
expression of the epidermal growth factor receptor (c-erb B2) in stromal cells, proliferation and neurogenic differentiation of
stromal cells of stromal cells. Results and Discussion. The activated stroma correlates with the frequency of EMT. Thus, large
areas of activated stroma with the presence of myofibroblasts and alcianophilia of the extracellular matrix are more common
in cases of widespread EMT (14 out of 16—87.5 %) than in cases of focal EMT (4 out of 14—28.6 %). The differences are
statistically significant, p<0.01. Inflammatory cell infiltration, which is the source of a signal for transformation, expression of
the epidermal growth factor receptor (c-erb B2) in stromal cells, proliferation, and neurogenic differentiation of stromal cells
also correlated with the frequency of EMT. In all cases, the differences are statistically significant, p<0.01. Conclusions. The data
obtained indicate the undoubted influence of signals from the activated stroma on the development of epithelial-mesenchymal
transformation of tumor cells.
Key words: lung cancer, epithelial-mesenchymal transformation, microenvironment, stroma, pathological anatomy
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BeepneHue

OnuTennanbHO-Me3eHXUMaslbHas TpaHchopma-
uus (OMT) nipeacTaBisieT co60# C/IOKHBIN MOJTe-
KyJ/ISIPHO-/leTepPMUHHUPOBaHHbIH TpOLiecC nepexoza
KJIETOK 3MUTe/IUa/TbHOTO (PeHOTHIIa B Me3eHXUMa/lbHOe
cocrosiHMe. JaHHBIH poLiecc siB/sieTcs He0OX0AUMbIM
3TaroM HOPMajIbHOTO TUCTO- U OpraHoreHe3a BO BpeMsi
5MOpPHOHAILHOTO Pa3BUTHSI OPraHK3Ma, a TAK)Ke JIEKUT
B OCHOBE MHOTHUX aTO/IOTMYeCKUX MPOLIeCCOB, B 0CO-

ANATOMY. PATHOLOGICAL ANATOMY

OeHHOCTU CK/IepOTHYeCKUX U3MeHeHU U TIPOrpeccu
oryxoJsieBoro pocra [1, 2]. Kak ripaBuio, UHIYKTOpaMu
OMT gBAAOTCS CUTHAJIBI, IOCTYIAOLINUE B K/IETKY
13 MUKDOOKPY»KeHHUsl, T.e. U3 cTpoMel [3]. Tak Muodu-
O6pobsacThl, K/IETKH BOCIIA/IUTEILHOTO WHWIBTPATa,
NPOAYLMPYIOT LIUTOKUHBI, (PAaKTOPbI pOCTa, UHTepJIeii-
KWHBI, aKTUBHbIE ()OPMBI KMC/IOPO/ia, KOTOPbIE TaKKe
AB/g0TCA UHAYKTOpaMu DMT. U, HecMOTps Ha To,
YTO MHOTHUE U3 UHAYKTOPOB U eHTU(PULIMPOBAHbI
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Ha reHeTUYeCKOM ypOBHe, 0CTaeTCsl HesICHbIM, KaKue
Mopdosioruueckre 0COOeHHOCTH CTPOMBI OITyXOJIH
BJIMAIIOT Ha pa3BuTthe DMT, a ciiefioBaTe/ibHO U Ha MPo-
rHo3 [3, 4].

K HacTosilleMy BpeMeHU YCTaHOBJIEHO, UYTO /15
pazeutus OMT HeobX0oMMa Tak Ha3bIBaeMasl «aKTHBU-
3UpOBaHHas» CTPOMa, boraras KjieTkaMu ¢prbpobiacTa-
MH ¥ MHOGHUOPOO/IacTaMu, C PHIXJIO PACTIONIOKEHHBIMU
TOHKMMM BOJIOKHaMHU, 6a3oduiieii SKCTparie/Io/sipHO-
ro Matrpukca (3LIM). Mrodubpob1acThl OT/IHUAOTCS
KPYIIHBIM CBeT/IbIM OBa/IbHbIM S1JPOM U Hajuulem
MapKepoB COeIMHUTETFHOM (BUMEHTHHA) U MbIllIey-
HOU TKaHU (a/b(a-1/1ajKOMbIIIEYHOT0 aKTUHA /WU
JecMmuHa) [5]. Ha yctaHoBieHue Mopgo/ioruye cKux
0Cc00eHHOCTeH CTPOMBI, BJMSIONIUX Ha pa3BuTe DMT
B pake JIerKoro, Harpas/ieHO JaHHOe UCC/IeJ0BaHUe.

MaTepman n MeTopabl

Hamu nsyuens! 32 ciyyas paka JIerkoro ¢ UCrob-
30BaHMEeM UMMYHOTMCTOXHMHU BO BCEX HCCIIElyeMbIX
cnydasX. Y BCeX MaljMeHTOB ObIIO TTO/Ty4eHo Ao0po-
BOJIbHOe MH(OPMUPOBAHHOE COTIJlacue Ha yuacTue
B UCCJ/Ie[JOBaHUU COIJIaCHO XebCUHKCKOM JleKiapa-
uuu BecemMupHoM MeauLiiHCcKou accoruatmu (WMA
Declaration of Helsinki— Ethical Principles for Medical
Research Involving Human Subjects, 2013), 06paboTky
MepCOHAJTbHBIX JAHHBIX U COT7IacKe Ha IyO/IrMKaiuro.
ITo Mopdomnornyeckum npr3HakaM 310 6bUTH 6 CTyuaeB
TJIOCKOK/IETOYHOTO pakKa, 8 c/iyyaeB a/jleHOKapLIMHOMBI,
8 c/lydyaeB HeMPO3HAOKPUHHBIX OMyxosel (6 cyuaeB
COCTAaB/IST KapLIMHOWBI U 2 C/Ty4yast MeJIKOK/IETOYHOTO
paka), a Takke 10 KpynmHOK/IeTOUHBIX onyxosei (6
C BbIpaXXeHHOU U 4 co cs1aboii U 04aroBoii HeMpPOIH-
JIOKpUHHOM 1 depeHLIMPOBKOIL).

[1py UMMYHOTUCTOXMMHUUECKOM UCC/e0BaHUHN
WCI10/1b30Ba/Ii MOHOK/IOHA/IbHbIE aHTUTe/a K BbICO-
KOMOJIEKY/ISIpHOMY LiuToKepatiHy (HMW), naniu-
TokepatuHy AE1/AE3, uutokepaTuHy 18, KOoTOpbIi
SIB/ISIETCS TIPSIMOY MUITIEHBIO Snail, a TakKe K perienTopy
3Mu/iepManbHoro (akropa pocra c-erb B 2, BUMeHTHHY,
E-kagrepuny, anba-rnajKoMbIIeYHOMY aKTUHY, T/IH-
aibHOMY (UOpUIIIpHOMY Krciomy nipoterHy (GFAP)
Y XpOMOIpaHvHy A (MapKepam HelpO3H[I0KPHHHOMN
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b depeHLIMPOBKY), /ISl OLIeHKU NposiidepaTUBHOM
aKTUBHOCTH UCMO/b30Basncs mapkep Ki-67 (mib-1).

JlvHy COCYAMCTOrO pyc/ia OIyXO0JIv OIpezesIsiii
cTepeoMeTpuyeCcKUM MeToaoM no [.I. ABTaHUJIORY,
TIOJ,CUMTBIBA/IA YMCJIO KOHLIOB COCYZ0B B Cpe3e I1ocjie
MMMYHOTCTOXUMHYECKOTO MeUeHHsI SHAOTE/HS COCYZIOB
¢ MapkepoM CD 34. Bostee 20 KOHL[OB B 110J1e 3peHUs TIpU
yBesimueHry 100X oLieHMBaIM Kak 007IbIIIoe KOTHueCTBO
cocyzoB. KauecTBeHHbINM COCTaB BOCHAUTEIBHOTO U UM-
MYHOKJ/IETOYHOTO MH(UIBTPaTa CTPOMBI OL|€HUBAICS
C UCI0J/Ib30BaHNEM MapKepOoB K 00111eeKOLUTapHOMY
antureny CD 45, T-nmumdoruram CD 3, CD4, CD8,
B-mumdorram CD 20, makpodaram CD 68.

[7ist u3yueHust BCeX MUKPOIIpernapaTtoB ObuT UcC-
T0/1b30BaH CBETOONTHYeCKUI MUKpocKorioM Olympus
BX-40 c yudposoii potokamepoii Olympus U-TV1X
Ha COOTBETCTBYIOIIeM ITPOrpaMMHOM 0becriedeHnr
Olympus DP-Soft.

CratrcThyeCcKri aHa/v3 Moy YeHHbIX pe3y/bTaToB
MpOBOAU/ICA B TiporpamMe Medstat ¢ mpuMeHeHHEM
CTaH/IapTHBIX METO/I0B MareMaThyeCKOW CTaTUCTHKU.
CrartrcTruecKre NoKasareay OIMYalTCsl OT HOpMasib-
Horo (Ha ypoBHe p<0,001), mo3Tomy npu IpoBeZieHUU
Ja/bHeNIIero CTaTUCTUYEeCKOrO pacyeTa MPUMEeHSIMCh
HerapameTpuueckue Kpurepuu. Kputepuii MaHHa—Yut-
HU VCII0JIb30Ba/IX /11 CPABHEHUS [iBYX HE3aBUCUMBIX
BBIOOPOK.

Pe3ynbraTtbl M 06CyXAEHME

KtoueBbiM Mopdosioruueckum nprzHakom SMT
cy>XuT 060cobeHre OMyxoJieBbIX K/IeTOK M3-3a
YaCTUYHOU WU MOJTHOMU YTPaThl SKCIIPeCcCUpyeMoro
E-kazarepuHa, npuBoOZsiLel K JT0Ka/JIbHOMY HapyLIeHUI0
KJ/IeTOYHO-K/IeTOUHOM azire3uu. B Haem marepuase
3TOT MPU3HAK NPUCYTCTBOBAJ B MEJIKOK/IETOUHOM pakKe
C BbIpa)KeHHOM 3KCIIpeccrel XpoMorpaHvHa A, rje
TakKKe Pe3KO CHIKEHA, BIVIOTH [0 [TOJIHOTO OTCYTCTBUS
skcnpeccusi MeMbpanHoro E-kagrepuna (Puc. 1).
BwmecTe c TeM B 5TOM KOHKPETHOM CJlydae OTCYyTCTBO-
Ba/iM JIpyrve TUIMHWYHbIE IPHU3HAKKU TpaHChopMaluy,
a UMEHHO CHWKeHMSI aKkTUBHOCTH TIposiideparniu He-
OTJIACTUYeCKUX KJIeTOK (37ecCh B 00JsIbIlie TIOJIOBUHBI
K/IeTOK 0OHapykuBau Kcrpeccuto Ki-67 B sgpax) [6].
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Puc. 1. Of1H 13 rNaBHbIX NPU3HAKOB Pa3BUTUA SMT — CHUXKEHWE aKCNpeccun MemepaHHoro E-kagrepuHa
(okpacka aHTUTENnamu K E-kagreputy, x400)

Fig. 1. One of the main signs of the development of EMT is a decrease in the expression of membrane E-cadherin
(staining with antibodies to E-cadherin, x400)

B ocranbHBIX cydasx HOBOOOpa30BaHHiA JIETKOTO
skcrpeccusi E-kaZirepita coxpaHsieTcsi B Oosiee Kpyri-
HBIX K/IETOUYHBIX KOMILJIEKCAX OITYyXOJ/I1 W/WU IB/ISIETCS
[[UTOT/Ia3MaTHUYeCKOM C TeH/eHI1el K TTOJTHOMY UC-
UEeC3HOBEHHIO B MEJIKUX KJ/IETOUHBIX I'DYIIIIMPOBKAX,
KOTOpbIE MHBA3UPYIOT CTPOMY.

0O00cobmeHre HeoIIaCTUYe CKUX K/IeTOK YacTo CO-
TIPOBOXK/IAETCST U3MEHEeHHeM X (OpPMBI, IIPUobpeTeHreM
umMu GrbpobacTonomo6HOM HOpMBI € TOCIeayOIek

CTPOMaJIbHOW UHBa3ueu. JlaHHbIM NpU3HAaK XOPOLLIO
3aMeTeH Yrke TPy 00bIUHOM OKpaCcKe MUKPOTIPeIiapaToB
reMaTOKCHA/IMHOM U 303MHOM.

Ee ogHrM xapakTepHbIM npr3HakoM OMT sBns-
eTCsI TI0Teps1 OIMyX0/IeBbIMU KIeTKaMHU CeLiupruueKknx
SMUTeNa bHbIX UTOKepPaTUHOB, B YaCTHOCTH I10Tepst
Mapkepa AE1/AE3 B Tshbkax snvTesnusi, THBA3UPYHOIIUX
CTPOMY I1PU COXPaHeHWH ero 3KCIIpeccy B 0CHOBHOM
rsiacte kiaetok (Puc. 2).

Puc. 2. CH/xeHne skcnpeccun naHumtokepatuHa AE 1/AE 3 B onyxoseBblIx KiieTkax
(okpacka aHTUTEeNnaMm K naHumTokepatuHy AE 1/AE 3 x400)

Fig. 2. Reduced expression of pancytokeratin AE 1/AE 3 in tumor cells
(staining with antibodies to pancytokeratin AE 1/AE 3 x400)
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Hepeako HabroaeTcsi ¥ ero L{UTOIIa3MaTHuye-
CKas sKcrpeccusi. B 1je1oM HapylieHHe 3KCIpecCcuu
LUTOKepPaTHHOB MUHOT/a KOppe/IupyeT C U3MeHeHHeM
camoii Mop(o/IOTHH KJTIeTOK, a8 UMEHHO TIPUoOpeTeHrneM
TOC/IeTHUMHU BBITAHYTOMH, (hrOpobacTornomobHoM dop-
Mbl. BmecTe ¢ TeM MHOT/a SKCpeccHst IUTOKePAaTUHOB
COXpaHsieTCs ¥ B Pe3K0 BBITAHYTHIX GprbpobiacTonono6-
HBIX K/IeTKaX C MoTepeii TAKOBOW B HEOTJTAaCTUUEe CKUX
KJIeTKaX COJIU/IHBIX UM )KeJIe3UCThIX CTPYKTYP.

Takxe HabFOAAETCS TIOTEPST M APYTOTrO LIMTOKepa-
THHA (UUTOKepaTUH 18), KOTOPBIN CAY>KUT MHULLEHBIO
(haxkTopa TpaHCKpunuuu Snail u peanusyet MHOTHE
MOJIEKYJIIpHO-TeHeTnYeckue iyt OMT, B ToM uuciie
no/iaBnisieT cuHTe3 E-kaarepuHa [3, 7]. B Takom ciyuae
OZIHOBDPEMeHHO MO>KHO BUZIeTh 1 000C0o061eHNe KIeTOK
¢ nmprobpeTeHHeM UMY BHITSHYTOH ¢ubpobiacToro-
J06HO# OpMBI U CHIKeHUe W/WMHY TIONHYTO TTOTepPIo
CHHTe3a LIUTOKepatrHa 18.

OnuicaHHbIe Bbillle MPU3HAKY C U3MeHeHHeM MOop-
(onoruy KaeTok sIB/SIHOTCS JOCTOBEPHBIMUA KPUTEPUSIMU
npuobpeTeHusi Me3eHXUManbHOTO peHoTHna. Ecu

TIIPY 3TOM YacCThb K/I€TOK 3KCIIpeCCUPYyeT BUMEHTHUH,
TO B TaKOM C/Iyuae CjefyeT FOBOPUTh O TIOJIHOM Me-
3eHXUMa/IbHOU TpaHcdopmaryu (rosiHast OMT). TTpu
Hero/iHOM DMT snmTesManbHbIe KIeTKU TEPSIFOT CBOU
TIPU3HAKU U CBOMCTBA, OIHAKO He SKCIIPeCCUPYHOT Ka-
KUX-TM00 Me3eHXUMa/IbHBIX MapKepoB (Puc. 3).

Heo6xoa1Mo Takske pa3anyarh paclipoCTpaHeH-
Hyt0 U ouaroByro DOMT. B nnepBoM ciyuae mporiecc
TpaHC(OpMaLM MOXKET 3aHMMaThb BCHO OIyXO/b UK
MMeeT KPYITHBIX JIOKYCOB B Tipe/iesiax HOBOOOpa30BaHMsI.
Ouarosasi 0T/IM4aeTCs TeM, YTO UMEeIOTCS eJUHUUHbIe,
MeJIKMe OYary 4Jaille BCero Ha rpaHuLie OIyXO0JIeBBIX
KJIETOK ¥ HOPMaJ/IbHOU TKaHU.

B Hawem nccnefoBanny pacnipocrpaneHHas OMT
oOHapy»kuBanachk B 16 ciyyasix, a B 14 ciydasix TpaHC-
dhopMmaiiys Oblsla 0OUaroBoi M B 2 C/TydasiX TUITUYHOTO
KapuuHorga OMT orcyTcTBoBasa BoBce. B nosioBrHe
TiperaparoB ¢ pacnpocTpaHeHHo OMT TpaHcopma-
111 ObLIa TIOJTHOM, OJJHAKO CpeJiy TIperaparoB C 04aro-
Boit OMT nonHas TpaHchopmarys He Hab/IrOAAIACk.

Puc. 3. [1osiBneHWe y4acTKOB SKCMPECCUU BUMEHTUHA B OMYXONEBbIX KNETKax, Npu3Hak nonHon 3MT
(okpacka aHTUTENaMM K BUMeHTUHY, x200)

Fig. 3. Appearance of a site of vimentin expression in tumor cells, a sign of complete EMT
(staining with antibodies to vimentin, x200)
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YKe TIpH OKpacKe reMaTOKCUTMHOM U 303UHOM
MO>KHO BH/IETh B OIYXOJIM YaCTO KPYIHbIE ouaru
PBIXJIOW BOJIOKHUCTOM COeMHUTENbHOW TKaHU
¢ OOJIBIIIMM YMCJIOM BBITIHYTBIX KPYITHBIX K/I€TOK
C ZIMCTIePCHBIM XPOMAaTHUHOM B OBa/ibHOU ()OPMBI
s/IpaxX, YTO XapaKTepHO /11 MUOGHOpob61acToB. DTO
TIOJTBEPKJAeTCsl IPU UMMYHOTUCTOXUMUUE CKOM KC-
C/TIefIOBAaHMY C aHTUTEIaMU K ayib(a-1/1a/[KOMBIIIETHOMY
aKTHHY, 00Hapy>KUBAIOIIeEMY Pa3HbIX Pa3MepOB MyUKH,
ckoruteHust Muopuopobiacto (Puc. 4); oueHb pefKo,
TI0 OZIHOMY CJTyYar0 B KaXK/I0H rpyrire, 00Hapy>KHUBaIach
9KCIIPeCcCUs IeCMUHa B eJMHUYHBIX TPYyTITax KIeToK.
Muodurbpo61acThI ABSIOTCS IJIABHBIM CTPOMAaJTBHBIM
KOMITOHEHTOM U TIPOTHOCTHYECKUM MapKepOM MHOTHX
onyxovieti [8, 9]. OHU CeKPeTUPYIOT LIUTOKWHBI, TIPO-
Teasbl M MAaTPUKCHBIE OeIKH, 00HApYKUBAIOTCS Yallje
B MHBa3UBHOM Kpae oryxosu [8, 10]. OTBeTCTBeHHbIMU
3a TpaHcauddepeHIIPoBKY Grbp0OIacTOB B MHUODH-

6po6acTsl siBrIsieTCs TpaHC(HOPMUPYIOLHIA (haKTOp po-
cra 3 (TGF (), omyH 13 3KCTparie/UTFO/ISIPHBIX CUTHAJIOB,
uHayuupytoimx OMT [11, 12]. TGF [ ctumynupyeT
cuHTe3 B MUOo(hHOpob1acTax rermaroiMTapHoro akropa
pocta (HGF), Ha3biBaemoro Takke «hakKTopoM pac-
CeMBaHMsI», KOTOPBIM BOB/IEUEH B MPOL{eCChl UHBA3UH1
¥ MeTacTa3upOBaHUsI OIyXosel, ObITb MOXKeT TaKxe
nyteM BkroueHuss DMT [13—15]. Penko, TOMbKO
B 4 cnydasix pacnpoctpaHeHHOW OMT u 2 ciyuasx
6e3 OMT B K/1eTKax CTPOMBI BCTPeUasach IKCIIPeccust
renatouutapHoro ¢gakropa pocta (HGF), npu stom
TOJIBKO B 2 C/y4asiX OHa Obljla BLICOKOW, CPAaBHUMOM
C 9KCIIpeccueii B apeHxume.

XapakTepHa [ijisl TaKUX 04aroB 6a30(usiust SKCTpa-
L{e/UTIOJIIPHOTO MaTPUKCa, B OCHOBE KOTOPOU JIEXKUT
HaKOI/IeHUe B CTPOME [TTMKO3aMUHOIIMKAHOB, JAFOLUX
abLMaHO(UINIO pa3HOU CTereHU BbIpaXKeHHOCTH
oT cs1ab0ii, yMepeHHO# /10 pe3KO BbIPayKEHHOM.

Puc. 4. dkcnpeccus a-akTiHa ragkux Mbllll, B «aKTUBUMPOBAHHOM» CTPOME
(oKpacka aHTUTenamMm K rnafgKoMblLLIEYHOMY a-aKTUHY, x400)

Fig. 4. Expression of a-actin smooth muscle actin in the «activated» stroma
(staining with antibodies to smooth muscle a-actin, x400)
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Bornee yacto BcTpeyaroTcst KpyIHble yYacTKU aKTUBH3H-
POBAHHOM CTPOMBI B C/Tyuasix pacripoctpanenHor SMT (14
3 16—87,5 %), uem B iTydasix ouaroBoii (4 u3 14—28,6 %).
Paznmyuuist cratictrdecku goctoBepHsl, p<0,01.

B cTpome ormyxosmu, 0cOOeHHO YacTo 1o rneprudeprn
ee, 0OHapy>KMBaeTCs1 BEIpayKeHHasi BOCTIAIUTe TbHast
WH(UIbTpaLysl, BKIHOUAOIIasi KJIeTKU C IKCIIPeCcCH-
et CD45, CD 3, CD 20, gairie B Bi/ie KPYIHbIX CKOTL/Ie-
Hul, a Takke CD 68-ronoykurenbHble TUCTUOLIUThI-Ma-
kpodaru. Mrorna CD 3-nonioxkuTesibHbIe T-TAMQOIUTEI
Ka)KyTcst 60/1ee KPYTHBIMH, T. €., BO3MOXKHO, OHU He3pe-
nbie. THUAbTpaLust KIeTKaMu ¢ SKCIpeccreil oo1rero
JIeMKOIMTapHOTO aHTHUreHa Oblia BeipaykeHHOH Bo 100 %
ctydasix ¢ pacripoctpanHeHHoi OMT u B 28,6 % ciyuaes
¢ oyaroBoii DMT. Pe3kast UHUILTPALIUS TUCTUOLIUTAMHU
(CD 68-nonoxxurtenbHbIe KIeTKH) Oblsla 0OHapyKeHa
B 50 % cnyuaeB pacnpoctpaHeHHOH OMT u nullib
B 2 ciyyasix u3 14 ¢ ouaroBoi TpaHcgopmariuei.

NMMyHOrMcTOXMMHUUeCKoe UCcieloBaHe 4acTo
00OHapy’K1BaeT B KJIeTKaX CTPOMBI SKCITPECCHIO peLieT-
TOpa K 3Mnu/iepMasibHOMY (akTopy pocTa (c-erb B 2) pa3-
HOM CTeTieH! BLIPaXXeHHOCTH, OT C/1ab0¥ /10 BLICOKOM,
BO BCeX Cjlyyasix pacripoctpaHeHHor OMT, gocturas
BBIp@KEHHOM B TioioBrHe ciydaeB (Puc. 5). Tonbko B 4
u3 14 cnyyaes c ouaroBoii OMT B cTpome BCTpeyasTuch
eZIMHUYHbIE KJIETKU C IKCTipeccureii c-erb B 2.

B K/leTKax CTpOMbI 0OHApYKUBAMCh MPU3HAKU
nposindepalium ¢ 3kcnpeccueit Ki-67, B rmosioBuHe
BCeX MperapaToB C paclpocTpaHeHHON TpaHcdop-
Malfyeli oHa Oblyla yMepeHHO BhIpaKeHHOU (B OTHOM
13 HUX JlakKe BbIpa)KeHHOM), B TIOJIOBUHE CydyaeB
cnaboii (Puc. 6). Cpey citydaeB C 04aroBoi — TOJTBKO
B 0fHOM 3Kcrpeccust Ki-67 Oblia yMepeHHO BbIpaXKeH-
HOH, B OCTa/bHBIX C/Ty4asix c/1laboi, a B 4-X cayudasx
KapIuHOUZAO0B (2 ¢ ouaroBoi, 2— 6e3 3MT) oHa
OTCYTCTBOBAaJIa.

Puc. 5. Bbicokast akcnpeccus anuaepmanbHoro daxkTopa pocTa (c-erb B 2)
B CTPOME M HM3Kast 9KCMPeCcCHs B OMyxoNeBbIX KneTkax (OKpacka aHTuTenamu K c-erb B 2, x 400)
Fig. 5. High expression of epidermal growth (c-erb B 2) in the stroma and reduced expression in tumor cells
(staining with antibodies to c-erb B 2, x 400)
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Puc. 6. Cna6as nponundepaTnBHasi akTMBHOCTb CTPOMbI (OKpacka aHTuTenamu K Ki-67, x400)
Fig. 6. Weak proliferative activity of the stroma (staining with antibodies to Ki-67, x400)

AHnTtuanonTorhueckuii bcl-2 skcrpeccrupoBancsi  BeIpakeHHOCTBIO cpeau 16 ciyuaeB ouaroBoit SMT
B BBICOKOM cTerneHu B 12 u3 16 ciyuyaeB U B HU3KOW U OTCYTCTBUS TaKOBOM. DKCIIpeCccHs JI0Kaan30Banach
CTereHu B 2 cayyvasix Ipy pacrpoctpaHeHHOM OMT, B siipax TMMQOLMTOB, MHOTAA HA BHYTPEHHEe MOBepX-
a Tak»ke TOJIBKO B 4 C/Iy4asix C HU3KOM U yMepeHHOW HOCTU Kapuosiemmsl (Puc. 7).

Puc. 7. YMepeHHO BblpaxkeHHasa SKCNpeccust aHTManonToTUYECKOro
6enka bcl-2 B cTpoMe (OKpacka aHTUTENaMM K aHT1anonToTudeckomy 6enky bel-2, x400)

Fig. 7. Moderate expression of the anti-apoptotic protein bcl-2 in the stroma
(staining with antibodies to the anti-apoptotic protein bcl-2, x400)
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OCHOBBIBasICh Ha BbISIB/IEHUH HOBOOOPa30BaHHBIX
cocynoB 1o skcripeccur CD 34 onpefesnsnv AJIMHY
cocymuctoro pycia B 1 mm® o I'.T. ABTanauioBy. B mpe-
obmnaziatorieM OOJBIIMHCTBE C/TydaeB OHa Oblia BHICOKOM
He3aBUCUMO OT Ha/IMUMsl U pacripocTpaHeHHOCT OMT
1 coctapsisina ot 150 10 360 Mm/Mm. ToBKO B OZJHOM
HabmoieHny oHa Oblia HU3KOM (72 MM/MM®) B Cilyuae
¢ pactipoctpaHeHHOU OMT, HO 3T0 ObUT e JMHCTBEHHBIM
CiTyyJaii 6e3 MHBa3UK COCY/I0B M METACTa3UPOBAHKS B 3TON
rpymre. KauecTBeHHas OLleHKa MOKa3asa He TOJbKO
Oo7bIII0e UKMCIIO COCYAOB B OIYXOJIH, HO M YacTo BbIpa-
JKEHHYI0 Nposidepalyio SHA0TeNWs B BUZIe TsDKel ero
6e3 mpocBeTa, HaIMUKs YTOMIEHHI CTEHKH COCY/IOB,
BbIOyXaHUs SHZOTeNHs B IpocBeT cocyzoB (Puc. 8).

Cnenyet oTMeTUTh, 4YTO 3KCripeccust CD 34 B 38-
JlOTeJIUM TIOMOTaeT BbISIBIEHUIO UHBA3UH COCY/IOB OITy-
XOJIeBbIMH KJ/IeTKaMH, HalTM4Ksi OITyX0JIeBBbIX 3MOO0JIOB
Jlaxke B MeJIKUX COCYyZax.

B 14 u3 16 cnyuaeB c pacripoctpaHeHHou OMT
B CTpoMe 0OHapy’KUBa/IMCh MPHU3HAKKA HeMPOTeHHOMN
I depeHLIMPOBKY TT0 HAaJTUUWIO pa3HOU CTereHu
BBIPa>KeHHOCTH JKCIIPeCCUU ITHATBHOTO GrUOpHIIIsIp-
Horo kucioro nipoterHa (GFAP) (12 cnyuyaeB) w/unu
xpomorpanuHa A (10 ciydaeB); npu ouaroBoit SMT
WM OTCYTCTBUU €€ TOJIBKO B 2 C/Tyuasix 00HapY>KeHbI
cnenbl 3kcnpeccur GFAP v B ofJHOM c/iyuae CJiefibl
9KCIpecCry XpoMorpaHuHa A.

151 OLleHKY BAMSIHME XapaKTepa CTPOMBI U ee
ocobeHHoCTel Ha pa3Butue OMT Hamu pa3pabora-
Ha I1IKaja NpYU3HAKOB aKTUBALMM CTPOMBL. [1pu sTOM
Ka)KJbIM MPU3HAK OLIEHWBAJICS TTO/TyKO/UTUUeCTBEHHO:
0 — orcyTcTBUe npu3HakKa; 1 — cyabasi BeIpakeH-
HOCTb; 2 — yMepeHHasi BbIDa)KEHHOCTb; 3 — BbICOKasl
BBIPAXXEHHOCTH MPH3HAKA).

Puc. 8. OnyxoneBble COCyAbl, C 04aroBov Nponndepaumen aHLOTENNS U HATMYMEM OMYXONEBbIX 3MO0I0B
(okpacka aHTuTENaMK K CD-34, x200)

Fig. 8. Tumor vessels, with focal endothelial proliferation and the presence of tumor emboli
(staining with antibodies to CD-34, x200)
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1. KosimuecTBO CTpOMBI (Manoe, yMepeHHoOe,
00/bIII0e) C HA/TMUKMEM PBIXJION BOJIOKHUCTOM COeu-
HUTEJIbHOU TKaHU.

2. Bazodunus sKCTpaLe/TFoISIPHOTO MaTPUKCa,
Hanuuue ajabliaHodummu ero (ciabasi, yMepeHHas,
BbID@)KEHHasi).

3. Hanuuue B ctpome Muodubpob1acToB ¢ KC-
rpeccrei anb(a-r1aJKOMbIIIEUHOT0 aKTUHA (Masioe
KOJTMYeCTBO UX, yMepeHHOe, O0JblIIoe), SKCITpeccHst
JleCMUHa B HUX (eCTb, HET).

4. BbIpa)XeHHOCTb BOCIIa/IUTe/TbHON K/IeTOUHON
YH(UIBTPaLMY B CTPpOMe € 3Kcrpeccueii CD 45, CD 3
1 CD 20 (Takxke 3 cTereHu BbIpayKeHHOCTH). VTHbWIIb-
TpaLysi CTPOMbI TUCTUOLIUTaMHU-MaKpo(aramu C 3KC-
npeccueii CD 68, S-100-npoTenHa (pa3Hou cTereHu
BbID&KEHHOCTH).

5. Hanmuue B K/ieTKax CTPOMBI 3KCIIPeCCUU (akKTo-
pOB pocTa u ux petjentopos (c-erb B2, HGF), otieHka
niposiideparuBHoit (Ki-67) 1 aHTHANonToTH4e CKOM
akTUBHOCTH (bcl-2) B HMX pa3HOM CTerneHy BbIpaXkKeH-
HOCTH.

6. KomnuecTtBo cocymoB no 3kcrpeccuu CD 34,
NpU3HAKHY NposiudepaLuy sHA0TeNus (ouaroBble yToJI-
LIIeHUs €ero).

7. Ilpr3HaKu HeHpO3HJOKPUHHON JuddepeHLu-
POBKU KJIETOK CTPOMBEI € 3Kcrpeccueid GFAP, xpomo-
rpaHuHa A.

[NonykonyyecTBeHHas! OLIeHKA BbIPA’KEHHOCTH 3TUX
TIPU3HAKOB T03BOJTH/Ia CYMMHUPOBATh Oasiyibl B KaXKAOM
caydae. B aByx ciyuasx pacnpoctpaHeHHOU OMT
B Ka&)XX/[OM M3 HUX ObIIM ouard 2-X pa3HbIX THUIIOB ee
(1o MopdonoriyecKrM MpOSIBIEHUSIM) U COOTBETCTBEH-
HO VM pa3/IMyHasi BbIpa)KeHHOCTh aKTHUBaLy CTPOMBI
B 9THX yuyacCTKax.

Bout orjeHeH B 6aiax KaKAbI MPU3HAK aKTUBALN
CTPOMBI M CyMMUpPOBaH. Eci B ofHOM citydae Obiu
KoJie6aHMs BLIDA)KEHHOCTH OT/|e/TbHBIX TTPU3HAKOB
B Pa3HbBIX yuaCTKaX OIMyXOJIH, UMC/IO OaslyioB yCpemHsIIH.

ITpu pacripocTpaneHHou OMT uucio 6anioB Kose-
6anock ot 36,5 710 15,5, B cpesHeM cocTaBsis 25,6 6an-
sioB. [1pu ouaroBoit SMT wiv OTCYyTCTBHM ee OHO KoJie-
6anock ot 23,5 70 8 6anios, B cpegHeM— 12,6 6aos,
T.e. B 2 pa3a HUXe, UueM Tpu pacnpocTpaHeHHoN DMT.
CnenyeT OTMETUTB, UTO MPU pacripocTpaHeHHo OMT
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B [T0JIOBUHE C/Ty4yaeB OHa Obl/ia TIOJTHOM, TOT/Ia KaK MpH
ouaroBoi rosiHast DMT He BcTpeuanack. Takum obpa-
30M, MOYKHO C/le/IaTh BbIBOJI, UTO PAaCIipOCTPAHEHHOCTh
v nosHoTa SMT cBsi3aHa C BBIpa)KeHHOCTBIO aKTUBAaL[AN
ctpoMmsbl. CriejoBaTeIbHO, aKTUBHOCTb CTPOMBI MO-
)KeT OBITh MUILIEHBIO TeparieBTUYeCKUX BO3/eHCTBHIM
Ha OMyXOJb.

3HaHHe MexaHU3MOB Pa3BUTHsS U MOP(QoJIorhye-
cKuX TiposieyieHnid OMT momMoraroT MoHATE MeXaHU3MBbI
BO3HMKHOBEHHS IHBA3UM U MeTaCcTa3UpOBaHus. Pe3y/b-
TaTbl MHOTMX UCCJIe0BAaHUM MOKAa3bIBaOT, UTO B Tep-
BUYHOW OMYXOJIA He MOKeT ObITh Ce/leKLIUY KJ/IeTOK,
HarpaB/IeHHbIX Ha MeTacTa3upoBaHue (0ObIYHO KITeTKH
TepBUYHON OITyXO/TM Y MEeTacTa30B UMEIOT CXO/HbBIN
tenotur). Kpome Toro, AricceMuHalysi U3 epBUYHOTO
HOBOOOpa30BaHUs SIB/ISIETCS MOYTH CTyYaliHBIM MTOO0Y-
HbIM 3¢ G eKTOM B IepBUYHOM OMyXoJid. B nepBUUHOM
OIyXOJIY NIOCTENEHHO MPOUCXOAT U3MEHEHUS B CTPOME,
ee aKTUBaLWs, U OHa CTAHOBUTCSI UCTOUHWUKOM CUTHAJIOB
st OMT B cocemHUX pakoBbIX KieTKax. [Tocie OMT
OTyXO0JieBble KJIeTKU NPHUOOpeTaroT CrocoOHOCTh
K UHBa3UM COCYZ0B M3-3a KJI€TOUHOM MOJBWKHOCTH
1 0CBOOOXK/I€HUSI MHOTMX (JepMEHTOB /IJIs paciijeriie-
HUS SKCTPAL|e/UTIOJIIPHOTO MaTPUKCa, CIIOCOOHOCTD
COXPaHSATHCS BO BpeMsi LIMPKY/ISILIMK B KPOBU WU JM(e
13-3a Pe3UCTEeHTHOCTH K arlorTo3y, ¥ CoCOOHOCTD
K 9KcTpaBa3aluu. OHaKO OHU «IIOCeSIIOTCS» B pas-
JIMYHBIX OpraHax, CTPOMa KOTOpPbIX He n3MeHeHa. K Hel
OMyX0JieBble KJIeTKU He aJarTUPOBaHbl, OTCYyTCTBHE
COBMECTUMOCTH Me>Ky BHOBb MPHIIIEJIITUMUA PAKOBBI-
MU KJIeTKaMU U OKPY>KalOL[UMH TKaHSIMU OOBSICHSIET
HU3KYIO YaCTOTy yCIiexa MoC/Ie[Hero rarna MeTacTasu-
POBaHUsI— POCTa MUKPOMETacTa30B B MAaKPOMeTacTasbl
(BO3MOXKHO 3a cueT oOpatuMocTi OMT B MPOTHUBOIIO-
JIOXKHBIW TPOLieCC — Me3eHXHUMaIbHO-3MUTeMUaTbHYHO
TpaHcdopmanuio). Takum 06pa3omM, BO3HUKAIOIIast
Ha oripe/ie/IeHHOM TeHeTHYeCKoM (poHe B Ipoljecce
TIPOrPeCcCry U JIUTE/ILHOTO B3aUMOZEeCTBUY TTapeH-
XUMBI ¥ CTPOMBI 3MIUTeNHaNbHbIX onyxoneit OMT BezneT
K Pe3KOMY YCH/IEHHIO UHBa3UBHBIX U MeTacTaTUueCKUX
TIOTEHI[HAJIOB OIYXOJIH, MPHOOpeTeHre YCTOMUMBOCTU
K XMMHUOTepanuu O1arofapsi pe3uCTeHTHOCTH K arlon-
TO3y, a TAKXKe Orpe/ie/isieT HeO/IaronpUsTHBIN MPOTHO3
TaK1X HOBOOOpPAa30BaHUH.
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BbiBOAbI

1. AKTUBU3UPOBaHHAas CTpOMa KOppeaupyeT
c vactoroii OMT. Tak, 6o/iee yacTO BCTPEUAKOTCS
KpPYMHbIe YUYaCTKHA aKTUBU3HMPOBAHHOW CTPOMBI
¢ HasmureM MuopubpobaacToB U anbLyaHodUIMeH
9KCTpaLe/UTFO/ISIPHOTO MaTPUKCa B CIydasx pacIpo-
crpaHeHHoit OMT (14 u3 16—87,5 %), uem B ciiyvasx
ouaroBoit (4 u3 14—28,6 %). Pa3nuuus craTucTiyecku
JocrtoBepHbl, p<0,01.

2. BocnanurenbHas KaeToyHasi UH(PUIbTPaLUS,
SIB/IIOIIAsICS UICTOUHUKOM CUTHaja Jjisi TpaHcop-
MaLuM, TaKKe KoppeyupoBasna ¢ yactoroit OIMT.
WHunpTpanus KieTkaMu € SKCIpeccrei obiiero
NIeWKOI[UTAaPHOTO aHTUTeHA Oblyla BLIPA)KEHHOM BO BCEX
cnydasix ¢ pacripocrpadeHHor OMT u B 28,6 % ciyua-
eB C 0uaroBou. Pe3kast MHQU/IbTpaLysi THCTUOLUTAaMHU
(CD 68-mo1o)kuTe/IbHbIe KJIeTKH) Obl/la BhISIB/I€HA
B MOJIOBUHE CJ/IyuyaeB C pacrnpocTpaHeHHOW OMT
U TOJIBKO B 2 ciayyasix u3 14 ¢ ouaroBoil. Paznuuus
CTaTUCTUYeCKH J0CTOBepHEI, p<0,01.

3. Takxxe ¢ OMT koppenupyeT 3KCIIpeCCHUs
B KJIeTKaxX CTPOMEI peLenTopa K 3NuAepMaabHOMY
¢akropy pocra (c-erb B 2): oHa 6bi1a Bo BCex ciydasix
pacripoctpaHeHHout OMT, mocturasi BeIpakeHHOM
B IOJIOBUHE CJIy4YaeB U TOJBKO B 4 U3 14 ciyyaes
c ouaroBoii DMT B cTpoMe BCTpeyaucCh efJUHUYHBIE
KJIETKH C 3Kcrpeccueit c-erb B 2. Pa3nuuusi craTucTu-
yeCKu A0CToBepHHI, p<0,01.

4. Tako¥i mpy3HaK aKTUBH3aLMU CTPOMBI, KaK
niponuepanys ee K1eToK, UMes TeHAEeHLUIO K TIPSIMO
MPOMOPLIMOHANbHOM CBsA3U ¢ DMT: pr3HaKu mpo-
mudepanyu ¢ 3xkcipeccueii Ki-67 B KjleTKaX CTPOMBI
ObLT yMepeHHO BbIPaykKeHbl U BHIP)KEHBI B ITOJIOBUHE
cnydaeB pacrpoctpaHeHHou OMT, a cpenu ciiyyaeB
¢ ouaroBoii SMT TOMBKO B OJTHOM.

5. UeTkass Koppensiusi oOHapyKeHa MeXAy
HelporeHHOM U] depeHLMPOBKON K/IeTOK CTPOMBI
1 OMT. B 14 u3 16 ciyuaeB c pacnipocTpaHeHHo OMT
B CTpOMe 0OHapyKUBa/IMCh IPU3HAKU HeMPOTreHHOH
IvddepeHLpoBKY; TIpU oyaroBoid OMT wam oTcyT-
CTBUU ee TOJIbKO B 2 C/iydasix 0OHapy>KeHbl CJie/ibl
skcripeccr GFAP v B ofHOM (iTyuae criefibl SKCIIpeCCUH
XpOMOIrpaHvHa A.
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6. I[Ipu cymmupoBaHuM 6asuIoB 110 7 TIpU3HAKAM
aKTHBALIMK CTPOMBI /IBe He3aBHCHMble BLIOOPKH (C/Tydan
¢ mosHo# OMT u cydau ¢ oyaroBoit u 6e3 DMT) cratu-
CTUYeCKHU JOCTOBEPHO OT/IMUaroTCs Ha ypoBHe p<0,01,
Y3 yero cjejayeT BbIBOJ, O HECOMHEHHOM BJ/IMSIHUM
CUTHAJIOB U3 aKTUBUPOBAHHOW CTPOMBI Ha pa3BUTHE
3MKUTe/MalbHO-Me3eHXHMalbHOU TpaHc(opMaLuu
OMYXOJIEBBIX KJIETOK.
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Suprascapular notch morphometric study
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Abstract. Relevance. The suprascapular notch is one of the most crucial areas of the scapula from a clinical standpoint.
Aside from its anatomical relevance, the suprascapular notch type may also have some clinical implications for suprascapular
nerve entrapment. Aim of the study was the determination of the different dimensions of the suprascapular notch based on the
maximum depth (MD) and superior transverse diameter (STD), as well as the clinical relation between those dimensions and
suprascapular nerve entrapment. Materials and Methods. The study’s materials were 100 unknown dry human scapulae from the
from the anatomy department of the Mahatma Gandhi Medical College, Sitapura, Jaipur, Rajasthan. Each scapula was studied
for suprascapular notch. From each of the scapulae, maximum depth and superior transverse diameter were determined. Fifty
were from right side and Fifty were from left side. Different types of suprascapular notches were observed based on maximum
depth and superior transverse diameter. Results and Discussion. In this study, the overall percentage distribution frequency of
the suprascapular notch in 100 scapulae is MD > STD (25 %), MD = STD (0 %), STD > MD (60 %) and SSN Absent (15 %)
respectively. The most common SSN type is STD > MD (60 %) type and least common SSN type is MD = STD (0 %) type.
Conclusion. Morphological examination of the scapular notch reveals a common site of nerve compression and also demonstrates
the surgical importance of the scapular nerve during shoulder surgery.

Key words: suprascapular notch, morphometry, entrapment, maximal depth, superior transverse diameter

Funding. The authors received no financial support for the research and publication of this article.
Author contributions. Chawla D.—research concept, data collection; Sinsinwar P.—analysis of data obtained, writing of the
data obtained; Mishra A.B.—entry of the data obtained; Sorout J.—analysis of data obtained; Rao A.—text writing. Each author

contributed personally to the interpretation of the data and manuscript writing. All authors read and approved the final manuscript.

Conflict of interest statement. The authors declare no conflict of interest.

© Chawla M., Sinsinwar P., Mishra A., Sorout J., Rao A., 2022
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode

338 AHATOMU/IA. TTATOSIOT MHECKAA AHATOMINA


https://orcid.org/0000-0001-7738-7811
https://orcid.org/0000-0002-8806-947X
https://orcid.org/0000-0002-3448-6569
https://orcid.org/0000-0002-1510-0982
mailto:jitendersorout123%40gmail.com?subject=Jitender%20Sorout
https://orcid.org/0000-0002-0343-5777
mailto:jitendersorout123%40gmail.com?subject=Jitender%20Sorout

Chawla M et al. RUDN Journal of Medicine. 2022;26(3):338—343

Ethics approval—not applicable.

Acknowledgements. Sincere thanks to Principal, and Professor Hod for studying the scapulae of Mahatma Gandhi Medical

College and Hospital, Jaipur, Rajasthan.
Consent for publication—not applicable.

Received 05.08.2022. Accepted 07.09.2022.

For citation: Chawla M, Sinsinwar P, Mishra A, Sorout J, Rao A. Suprascapular notch morphometric study. RUDN Journal
of Medicine. 2022;26(3):338—343. doi: 10.22363/2313-0245-2022-26-3-338-343

Introduction

The suprascapular notch is one of the most
crucial areas on the scapula from a clinical standpoint
(SSN). This is a depression in the outer part of the
upper edge of the scapula, inside the coracoid process.
The SSN is closed through the advanced transverse
scapular ligament. Below this ligament are the supra
scapular nerve and vein, and the suprascapular artery
runs above the superior transverse scapular ligament.
The suprascapular nerve provides sensory branches
to the rotator cuff muscles, motor branches to the
supraspinatus and infraspinatus muscles, and motor
branches to the ligamentous structures of the shoulder
and acromio- clavicular joints. Accordingly, during
arthroscopic shoulder procedures, this notch serves as
a crucial landmark for the suprascapular nerve [1—4].

Clinically viable predisposing factors for
compression neuropathy and suprascapular nerve
entrapment include morphological variations of
the SSN [5]. According to Kopell and Thompson,
suprascapular nerve entrapment results in arm weakness,
difficulties performing external rotation and abduction,
and atrophy of the supra and infra spinatus muscles [6].
The Rengachargy et. Al. divided this notch into six
varieties based on its shape, and they also claimed that
the size of the suprascapular notch contributed to the
likelihood of entrapment of the suprascapular nerve.
They believed that a little notch offered a higher risk of
a nerve impingement than a large one. The suprascapular
notch is one of the scapula’s key clinical landmarks [7,
8]. Aside from its anatomical significance, the
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suprascapular notch type may also have some clinical
significance for suprascapular nerve entrapment. The
purpose of the current research was to determine the
different dimensions of the suprascapular notch based
on the maximum depth (MD) and superior transverse
diameter (STD), as well as the clinical relation between
those dimensions and suprascapular nerve entrapment.

Materials and methods

Materials for the present research included
100 unidentified dried scapulae from the anatomy
department of the Mahatma Gandhi Medical College,
Sitapura, Jaipur, Rajasthan. 50 of the 100 scapulae
belonged to the right side and 50 to the left. With the
aid of a vernier calliper, the suprascapular notch’s (SSN)
maximum depth (MD) and superior transverse diameter
(STD) were examined and measured. Following that,
the suprascapular notch’s maximum depth and superior
transverse diameter were determined. On the basis of
maximum depth (MD) and superior transverse diameter
(STD), the percentage distribution of the suprascapular
notch was categorised into four categories.

MD > STD

MD = STD

STD > MD

Absent

The table that is provided below under
results contains a summary of all the results of the
aforementioned findings.
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Results and discussion

An analytical morphometric analysis of 100 dry,
unidentified suprascapula (50 right and 50 left) (Table 1).

Sinkeet et. al. described 6 types of SSN but in our
study 4 types of SSN observed, i.e. (that) MD>STD,
MD=STD, STD>MD, SSN absent patterns occured in
25 %, 0 %, 60 %, & 15 % respectively [10].

STD>MD frequency pattern observed
highest (60 %) which is in conformity with highest
available frequency in others respectively. In the
present study, the STD of the notch was more than the
MD (60 %) [12, 13].

The least frequency pattern MD=STD was 0 %
in our study but Sinkeet et. al. and Rengachary et. al.
(Table 2) observed 4 % in contrast to Natsis et. al. (6 %)
and Murlidhar (8.65 %) [7, 9, 11].

The total percentage distribution frequency of
suprascapular notch in 100 scapulae as MD>STD
(25 %), MD=STD (0 %), STD>MD (60) and SSN
Absent (15 %) respectively.

However in comparison with other studies, in the
present study, SSN type III was the most prevalent
while type II was the least prevalent.

SSN-I type observed by Sinkeet, Rangachary,
Natsis and Murlidhar was 22 %, 8 %, 6 % and 21.15 %

respectively in comparison to these 15 % is in present
study. This probably reflects the racial population
differences.

The coexistence of notch type-I (25 %) with
the foramen can theoretically lead to a decrease in
the size of the foramen formed, thereby increasing
the probability of nerve entrapment in the foramen,
calls extra caution for surgeons operating on the
shoulder joint.

Table 1
Suprascapular notch (SSN) measured on the basis of maximal depth
(MD) and superior transverse diameter (STD)

Right side Left side Total
Types of SSN
No. (%) No. (%) No. (%)
MD> STD 8 8 17 17 25 25
MD = STD 0 0 0 0 0 0
STD> MD 26 26 34 34 60 60
Absent 6 6 9 9 15 15

Abbreviations: SSN — suprascapular notch’'s; MD — maximum
depth; STD — superior transverse diameter.

Table 2
Incidences of various authors on different suprascapular notch kinds
Type (IV) Type
. Sample Type (1) Type (I1) Type (11 Type
Author, reference Year Population size MD>STD MD=STD STD>MD SSN )
Absent V)

Rengachary 1979 American 21 31% 4% 48 % 8% 3% 6%
etal. [7]
Natsis et al. [9] 2007 Greek 423 24 % 6% 40 % 6% 13% 11 %
gl'”[';eoe]t et 2010 Kenyan 138 21% 4% 29% 22% 5% 18%
Muralidhar [11] 2013 India 104 21.15% 8.65% 59.61 % 2.88 % 5.76 % 1.93%
Urguden [12] 2011 Turkish 100 40 % 24 %
Wang [13] 2011 China 295 28 % 58.16 % 28.23 % 3%
Present study 2019 Indian 100 25% 0 60 % 15%

Abbreviations: SSN — suprascapular notch’s; MD — maximum depth; STD — superior transverse diameter.
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In the study done by Apurba Patra et al., in 67.34 %
scapulae transverse diameter of the notches is more than
vertical diameter and in 14.28 % vertical diameter was
more than transverse diameter [14, 15]. Which was also
same in present study (Transverse diameter > Verticle
diameter). When diagnosing and treating cases of
shoulder pain brought on by suprascapular nerve
entrapment, as well as when performing suprascapular
nerve blocks during shoulder procedures, the many
types of suprascapular notch and measures are highly
important. In order to prevent iatrogenic suprascapular
nerve damage during shoulder surgical operations, safe
zone distances are crucial [16]. Open surgical methods
that necessitate dissection of the posterior shoulder joint,
depend on the distance between the suprascapular notch
and the edge of the glenoid cavity [17, 18]. Based on
the crucial distance within which these procedures can
be performed safely, a safe zone has been developed
in order to prevent damage to the suprascapular nerve
during these procedures [19, 20]. To prevent nerve
damage, greater caution must be used when doing
shoulder surgeries.

Conclusion

Our morhpological study of suprascapular notch
reveals the typical location for nerve compression.
Choosing the right type of notch can assist prevent
iatrogenic nerve lesions in patients with torn rotator
cuffs. The suprascapular nerve’s surgical value is further
demonstrated by the morphological analysis of the
suprascapular notch after shoulder surgery.
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MopdomeTpuueckoe uccnegoBaHue I0NaToOYHOU BbIPe3KM

M. YaBna' ', I1. CuacurBap? ~, A. Mumpa® —, JI. Copyt* > A. Pao*

'TTkona MeJULIMHCKOW HayKu 1 Mcc/ienoBaHuid Andanax, e. JJxayoxc, @apudabad, XapusHa, UHous
2Cromarosioriueckuii Koyutepk u bonbuuiia Morura, 2. Kxed, Pamuazupu, Maxapawmpa, MHous
SMenuUUHCKUN KosieK U 6omeaMna Kantu ey, e. Mamxypa, Ymmapnpadew, HMHous
“Komiepk MeIUIIUHCKUX HAayK Pa/KacTaHCKOTO YHUBEPCUTETa MeIULIMHCKUX Hayk, 2. Jocatinyp, Padsicacma, MHOus
*jitendersorout123@gmail.com

AmnHoTanus. AknyaibHocmb. JIoratoyHas BeIpe3Ka sIB/ISIeTCS OHOM 13 HarboJiee BayKHBIX 00/1acTel JIOMaTKy C KITMHIYeCKOH
TOUKH 3peHusi. [ToMIMO aHaTOMUUeCKoro 3HaueHusl, THIT Ha/|/I0NIaTOYHON BbIPe3KH MOXKET TaK)Ke MMeTb HEKOTOpbIe KITMHUYeCKHe
TIOC/IeACTBUS TIPY YILieMJIeHHH Ha/lJIONaTtouyHoro Hepea. Llesbio ncciejoBaHusi ObITIO OTpefiesieHre Pa3uuHbIX Pa3MepoB Hazio-
TaTOUHOM BBIPE3KU Ha OCHOBE MaKCUMaJibHOMU rybuHsl (MD) 1 BepxHero norepeuHoro guaMerpa (STD), a Takke KITHHAUeCKOM
CBSI3M MKy STUMH pa3MepaMH M yilieM/IeHreM HaZjIoraToqHoro Hepea. Mamepuasbt u memoObl. Marepuanamu /i71si UCC/IeI0BaHMs
nocykui 100 cyXux JI0naToK yesioBeKa M3 OT/ereHust aHaToMny MeaniimHckoro koriegpka Maxarmel ['angu, Curamnypa,
[xaiinyp, Pampkactxan. Kaxxayto jionarky vcc/iejoBaii Ha Ha/lume JIOTIaTOYHOM BbIpe3KH. [/t Kayk/I0M JIOTIaTKH OTIpeZiersiiv
MaKCUMaJTbHYO TTyOHUHY U BeDXHHI MOMepeyHblid AuameTp. [IATbecsaT ObIIN MPaBOCTOPOHHUX U TATHJECIT ObUIH JIEBOCTOPOHHHX.
Habnropanmich pa3nnuHble TUMBI Ha/|/TONIAaTOUHBIX BBIPE30B, OCHOBAHHBIE HA MaKCHMMAaJIbHOW ITyOMHE U BepXHEM IOTepeyHOM
nuametpe. Pesynbmambl u 06cyscoeHue. B 3ToM rcc/iejoBaHUM 0011asi MPOLIEHTHAsI YaCTOTa pacripe/ie/ieH st Ha/I0MaTOuHON
BoIpe3ku B 100 nomarkax cocrasisser MD>STD (25 %), MD=STD (0 %), STD>MD (60 %) u OTCyTCTBHe JIOTIaTOYHOM BHIPE3KHU
(15 %) cootBetcTBeHHO. Hanbosiee pacripocTpaHeHHBIM THIIOM JIOTIATOUHOM BbIPe3KH siBysteTcst T STD>MD (60 %), a HauMeHee
pacrpoctpareHHbIM TUIoM MD=STD (0 %). Bbieod. Mopdororideckoe ucciiejoBaHye BbIPE3KH JIOTIAaTKH BBISIB/ISET 00bIYHOEe
MeCTO C/aB/IeHNs HepBa, a TaKKe JeMOHCTPHPYeT XUPYPriuuecKyto Ba)KHOCTb JIONIaTOUHOTO HepBa IpH Oreparysix Ha Iieye.

KiroueBble c/10Ba: JI0MaTOUHas BeIpe3Ka, MopdoMeTpus, yiemieHre, MaKCMMaslbHas TIyOrHa, BepXHUI TOTepeyuHbIi
JuaMeTp

Mudopmanus o puHaHCHpoBaHUHU. ABTOPHI He MOTyYand GUHAHCOBOM MOJ/IePKKH [J1s1 UCC/Ie0BaHMs U Ty O/IMKALMH CTaThH.
JTHYeCKOe yTBepKAeHHe — HelIpUMeHHMO.

BkJiap aBTopoB. Uaesna [I.— KOHIIeMNLUs KCC/Iei0BaHust, cO0p AaHHbIX; CHHCHHBAp I1.— aHa/nu3 MoTy4eHHbIX JaHHBIX, 3allich
TIOTyYeHHBIX AaHHbIX; Muiipa A.b.— BBoj, nomyueHHBIX AaHHbIX; CopyT 2K.— aHa/n3 MomyueHHbIX AaHHbIX; Pao A.— Haru-
caHue TekcTa. KaxapIil aBTOp BHEC JIMUHbINA BKJIa/, B MHTEPIPETaLIo JaHHBIX M HallkcaHve pyKonrcH. Bee aBTope! npountanu
Y 000pU/IH OKOHYATe/TbHBINA BapHAHT PYKOTIHCH.

Hudopmanys o KOHGIMKTe HHTePecoB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUY KOH(/IMKTA HHTEPECOB.

BaarogapHocTu. VickpeHHsisi 671arolapHOCTh AUPEKTOPY, Tipodeccopy Xo/, 3a Mpe/ioCTaB/IeHHYI0 BOSMOXXHOCTh U3YUeHUsT
Jonatok B MeuiLMHCKOM Kojuie/pke u 6osbHuIle Maxatvel Fangy, xatinyp, PamkacTxaH.

HudopmupoBaHHoe coryiacue Ha My0/IMKALME0 — HETPUMEHHUMO.

IMoctynuna 05.08.2022. TIpunsara 07.09.2022.
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